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HE WEEKLY OF SPACE SYSTEMS ENGINEERING 


Surveyor Nose Fairing for Centaur 

New Antitank/Assault Weapon Okaye(é 
Vela Sensors Placed Near Aleutians... 
EOS Uses Surface Tension for Energy.. 


This is where Beech puts the heat 
on major space age problems 


Nation’s largest transient heat laboratory is a vital 
part of a comprehensive systems management capability 


Inside this six-story building, temperature 
ranges from —423°F. to +1,500°F, may be achieved. 
3,000 quartz lamps, programmed and operated from 
a remote control center, can simulate elements of 
standby and boost phases of flight. 

Today, this transient heat laboratory is part of 
the vast Beech complex that has been put to work 
to design, develop, manufacture and test the super- 
critical gas storage systems that will sustain life and 
supply electric power for the command module of 


Project Apollo. Beech has prime responsibilities for 
these systems as a major sub-contractor for North 
American. 

A pioneer in Cryogenics, Beech has designed, 
developed and tested many tankage and propellent | 
control systems for missiles and rockets. A constantly 
expanding complex of facilities coupled with highly 
trained and experienced personnel makes Beech a 
natural choice for systems management projects. In 
addition to this transient heat facility... 


Facilities... 


How may we help you ? To discover how the 
proven capabilities of the Beech organization can be 
quickly and efficiently put to work on your project, 
write, wire or phone Contract Administrator, Aero- 


Other Beech Capabilities In Systems Management Include: 


Complex Vibration... Management... 


space Division, Beech Aircraft Corporation, Wichita, 
Kansas 67201. Beech stands ready and eager to 
accept complete systems management responsibility 
for your project right now. 


eech \ Aerospace’ Division 


BEECH AIRCRAFT CORPORATION @ WICHITA, KANSAS 67201 
a AE ah ag Tah a 


HELPING BUSINESS GROW FASTER: Only Beechcraft offers such acom- eee ey for ae ile oa 
i i ; eechcraft twin-engine Gi 2 
plete line of planes with so much speed, range, comfort and quiet to help single-engine airplanes. Address Beech Aircraft 


business multiply the money-making decisions that each top man can 


Carparation, Marketing Services Department, Wichita, 


make. Thai's how thousands of Beechcrafis have paid for themselves. Kansas 67201, U. S. A. 


And quite a task it is, too. But the 
men who are responsible for guidance 
and control know that when the chips 
are down only one thing counts: 


Either the System has it or it. 


doesn't. 


In the 1824, Univac® has a tiny — 


powerhouse — a fully microelectronic 
aerospace computer that can really 
take it—and it’s in production. Capa- 
ble of absorbing enormous shock loads, 
while still remaining operational, this 


UNIVAC DIVISION OF SPERRY RANO CORPORATION 


100 million dollars blasts off... 
a 31.5 pound computer takes over. 


computer ‘can withstand the G forces 
expected in missile applications. 
But ‘ruggedability is just one of 


_ $0 many salient features. For example: 
‘Measuring only 8” x 7%” x 14”, this 


31.5 pound package consumes only a 
scant 110 watts of power. . 
Its Mean Time Between Failures, 


_ is many times greater than most larger 
conventional units. 


Its electrically alterable thin-film 
memory allows the 1824 to perform an 


SEE THE UNIVAC 1824 DEMONSTRATED IN BOOTHS 2512-2514 AT THE AIR FORCE ASSDCIATION AEROSPACE PANORAMA. 


overwhelming amount of complex in- 
flight operations, without loss of vital 
data. 

And finally, as in all Univac mili: 
tary systems, this computer is dis- 


cretely adaptable to a wide variety of. 


missions. 

The Univac 1824 Microelectronic 
Aerospace computer is another ex- 
ample of the creative technology and 
high caliber of craftsmanship you 


expect from ... U VAC 


THE FIRST COMPUTER 
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Surveyor nose fairing for Centaur launch 
vehicle undergoes tests in space environ- 
ment chamber at NASA’s Lewis Research 
Center, Cleveland. Despite Ranger VII suc- 
cess, results from Surveyor soft lander are 
vital in providing data on lunar surface 
hardness. See story p. 16. 
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Design is the answer to cable performance: 
60,000 ft. above ground or 1200 ft. below. 


Wires and cables are engineered 
products at Rockbestos. Like the cables 
above for example. 

The flexible coaxial cable at left was 
designed to function at altitudes up to 
60,000 feet. Rated 1500 watts cw at 
1 Ge, it has an improved “semi-solid” 
Teflon dielectric core, maintains its 
dimensional stability at temperatures 
from —67°F. to 203°F. 

The ‘“Down-hole” cable at right was 
designed for water-tight service 1200 


feet below ground and for resistance to 
an intermittent temperature of 1100°F. 
Fourteen different materials are used 
in this cable’s insulation and jacket to 
provide the required physical and elec- 
trical properties. 

These are only a few of the unique 
constructions designed and produced 
by Rockbestos. For total cable design 
capability, or for many “off-the-shelf” 
wires and cables which may solve your 
problem, call or write: 


ROCKBESTOS wire « caBiE co. 


avision OF CERRO CORPORATION 


MAIN OFFICE AND FACTORY: Nicoli and Canner Streets, New Haven, Conn. 
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—letters 


Busy and Optimistic 
To the Editor: 


Congratulations on your Aug. 24 edi- 
torial (“No Tears, No Sorrow”). 

It took your good pen to put the record 
straight. We are optimistic. We are busy. 
In many ways, just too busy to listen to 
the ever-present purveyors of gloom and 
doom. 

I particularly liked your reference to 
the aerospace industry as ‘“‘the nation’s most 
vigorous and spirited industry.” It got that 
way by frequently pacing, often creating, 
and always keeping abreast of the most | 
advanced scientific and engineering disci- 
plines. Add to these dedication and hard 
work, and your reference will stand the 
test of time. 


Jim Riehman 

TRW Space Technology 
Laboratories 

Redondo Beach, Calif. 


Snow and Cosmonauts 


To the Editor: 


In your Aug. 10 CouNTDOWN, it is 
mentioned that intelligence sources “antic- | 
ipate another Soviet manned space launch 
before the year is out.” I believe there is 
reason to expect that if such a flight is to | 
occur this year, it will have to happen 
within the next month if the Russians con- | 
tinue their recovery practice of landing in | 
Russia. 

It seems to me that a consideration of 
the severe winters typically associated with 
Russia leads to an exclusion of the winter 
months as desirable times for the landing } 
of manned spacecraft within the country. | 
Neither parachuting into a Russian bliz- } 
zard nor disappearing with the spacecraft 
into a large snowbank to await rescue ap- | 
pears to be a reasonable risk to present | 
to returning space crews. 

Considering the six previous Vostok } 
(manned) flights, we find-all of them oc- | 
curring between April and August over a } 
period of three years. A similar pattern } 
exists for all of the dog-carrying Sputniks 
that were recovered; they occurred between 
March and August. 

Thus, on the basis of the above ra- | 
tionale and evidence, if there is no launch- 
ing this year by October, say, of a Russian | 
manned space vehicle, we should expect 
none until next March, unless something | 
new has been added to their landing tech- 
nique. (This also assumes they are not 
ready to “spend the winter” in space.) 

Given this restriction on landing pe- } 
iods within Russia, and given Khrushchev’s | 
flair for international showmanship, would 
it be very surprising to see, some winter, 
a launching from Russia of a manned | 


space vehicle which returns to Earth to j) 


land in some warm, friendly country well- | 
equipped with radars and communication | 
equipment—say Cuba? 
Earl L. Fox 
Silver Spring, Md._ 
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The Insiders 


One of the traditional complaints of engineers has been their isolation from top management. Not so 
at Grumman, here the interaction is complete. Engineer advice, technical and business-wise, receive a 
willing management ear. Communication at Grumman is a two way street as a result. Living, breath- 
ing engineering, the Grumman engineer rubs more than elbows with the people who know the problems 
of the program, the value of the fresh approach, the open mind and the radical solution. 

Being ‘insider’, closely allied with a management that has an active interest in your project, is one 
of the real advantages of working at Grumman. Engineers and scientists with aversion to “compart- 
mentalization” and a liking for healthy two-way communication, will find their element at Grum- 
man. If you are qualified, why not talk to us about the following specific opportunities. 


Component Parts Engineers—BSEE preferred plus experience in 
electronic component part evaluation and applications of semi- 
conductor devices and other electronic components. Responsibili- 
ties will include part selection, determination of part reliability 
requirements, establishing deratings and establishing test and 
Procurement specifications. 


Senior Heat Transfer Engineers — BS or MS with minimum of 5 
years training and experience in structural heat transfer analysis 
is required. Will develop IBM programs and other analytical tools 
as needed to handle complicated configuration and end condition 
for space vehicle structures and propulsion systems. Must be capa- 
ble of determining temperature distributions and recommended 
heat transfer configurations for initial structural designs and the 
detailed analyses, and test verification work to complete the design. 


Temperature Control Engineers — BS or MS and 2 years experience 
to handle space vehicle temperature control system analysis. Should 
have background in radiative heat exchange and thermal coatings 
as applied to passive and active temperature control systems. 


Fluid Mechanics Engineers — BS in AE or ME with 2 or more years 
experience in internal aerodynamics, duct pressure drop analyses 
or compressible fluid flow. Familiarity with aircraft or spacecraft 
Propulsion systems desirable. 


Propulsion System Analysts — BS or MS with a minimum of 3 
years experience in rocket propulsion analysis and system simula- 
tion, using analog techniques. A good knowledge of liquid rocket 
feed systems, component characteristics, dynamic interactions, and 
vibration effects, is very desirable. Will be responsible for the 
development, test, and utilization of liquid rockets in manned space 
vehicles. 

Cryogenic Engineers—BS in Engineering; experienced in analysis, 
design, development, testing, or cryogenic gas storage, supply, tem- 
perature, and pressure control systems. 


Ta arrange an immediate interview, 
SEND RESUME to 

Mr. P. M. Van Putten, 

Manager Engineering Emplayment, 
Dept. GR-86 


See next week's issue for 
additional professional opportunities. 


Rocket System Performance Analysts — Degree in Engineering, 
Physics or Chemistry with a minimum of 3 years experience in 
Liquid Rocket Development, test and analysis. Knowledge of small 
pulsed rocket engines and pressure fed propellant systems is very 
desirable. 


Cryogenic System Test Engineers—ME, ChE, conduct test programs 
on space power generation and supercritical cryogenic H2 and 02 
storage systems. Must have experience with cryogenic system oper- 
ation and test, and be capable of writing test plans and reports, 
specifying instrumentation, and defining test set-ups, test jigs and 
facility requirements. 


Environmental Control and Life Support Engineers—BS in engineer- 
ing; experienced in analysis, design, development, installation, test- 
ing, liaison with manufacturing, customer and vendors of atmos- 
Phere conditioning systems for aerospace cabin, pressure suit and 
equipment. Responsibilities will include proposal preparation, es- 
tablishing system configuration, testing, installation. 


Environmental Control and Life Support Test Engineers—Experi- 
enced in system testing-development, qualification, functional pre- 
flight. Should be capable of writing test plans and reports. Must be 
familiar with instrumentation requirements, laboratory equipment. 
Manned testing experience desirable. 


Fuel Cell Test Engineers—ME, ChE, conduct test engineers on space 
Power generation and fuel cell systems. Must have experience with 
fuel cell operation and test and be capable of writing test plans and 
reports, specifying instrumentation, and defining test set-ups, test 
jigs and facility requirements. 


Space Power Plant Design Engineers—BS in engineering with experi- 
ence in design of liquid rocket motors, and/or space power supply 
(including nuclear) and associated systems. Duties include concep- 
tion and design of storable and cryogenic bi-propellant rocket sys- 
tems and space systems. 


GRUMMAN 


AIRCRAFT ENGINEERING CORPORATION 
Bethpage - Long Island - New York 


An Equat Opportunity Employer 
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On that date, the Air Force received a completely 
integrated and self-sufficient predetection telem- 
etry receiving and recording system capable of 
handling as many as twelve simultaneous telem- 
etry signals of any known or projected telemetry 
format. The system will now undergo 60 days of 
exhaustive acceptance testing. 


The new system, first of its kind ever designed 
and successfully factory tested, was developed 
and manufactured by Defense Electronics, Inc. It 
is expected to set the standard for years to come 
in space data acquisition facilities. 


DE! developed and built more than 60 per cent 
of the equipment in the new system exclusively 
for the project. Successful completion of the unit 
was due largely to the perfection of new and im- 
proved techniques by DEI, including: 


Detense Electronics, Inc. 


Rockville, Maryland 


Rockville, Md. (301) 946-2600, TWX: 301-949-6788; Sherman Qaks, Calif.(213) 872-2870, TWX: 213-783-2742; 


+4 ee ee 
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B@ Frequency-translation methods, enabling re- 
cording and reproduction of high bit-rate PCM 
and other wide bandwidth signals with minimum 
distortion. 


@ A diversity reception concept enabling opti- 
mum combination of telemetry data from di- 
versity antenna systems without introduction of 
undesirable by-products and without need for 
special phase correction. 


®@ A wide-band FM recording method, giving true 
DC to 500-ke bandwidth recordings. 


Delivery of this initial ‘‘pre-d’’ telemetry system 
will be followed by shipment of three additional 
systems a month from DEI. Within less than a 
year, 19 fully-operational DEI systems are sched- 
uled to go on the line at U.S. missile tracking 
sites on the Air Force Eastern Test Range. 


DEI 


RESEARCH 
DEVELOPMENT 
MANUFACTURING 


Cocoa, Fiae(305) 632-5400, TWX: 


305-632-5442; Willow Grove, Pa.(215) 659-5051; Export(212) Circle 6-2133, TELEX: TRIL 224326, 3 West 61st St., New York, N.Y.; Ottawa, Ont. 


EMISCO Ltd. (613) CEntral 6-0811, Cable: EMISCO. 


Circle No. 5 on Subscriber Service Card 


, 
The Countdown 


WASHINGTON 


Ocean Surveillance System Feasible 


Navy is actively investigating the possibility of a space- 
borne radar system for ocean surveillance. Previous studies 
were not encouraging because of excessive weight and power 
requirements for conventional radar techniques. Now, how- 
ever, the Navy—citing “technological advances’”—feels that 
such a system is indeed practicable. 


AF Developing Antitank Mines 


Air Force’s air commando group at Eglin AFB is fund- 
ing work at Ordnance Div. of Honeywell, Inc. in the de- 
velopment of air-to-surface land mines. These weapons, 
launched from low-flying planes, would be used to slow an 
enemy advance, cut off retreat, or channel enemy armor and 
personnel into bottlenecks defended by friendly forces. 


Senators Claim Booster Credit .. . 


Senate Space Committee is pointing with some pride to 
steps taken by NASA and Dept. of Defense to coordinate 
their booster programs. Committee spokesmen say that al- 
though they apparently won’t be able to get together all the 
witnesses required for hearings this year, the expectation of 
hearings has sparked the agencies to move in the right direc- 
tion. 


. .- And House Group Eyes Aerospace Corp. 


The House Armed Services Investigations Subcommittee 
chaired by Rep. Porter Hardy (D-Va.) is taking dead aim on 
Aerospace Corp., the Air Force-sponsored non-profit or- 
ganization. Aerospace is working hard to cooperate with the 
10 subcommittee investigators conducting a preliminary 
probe of its contracting and accounting records. Hardy, how- 
ever, appears unchanged in his opposition to the corpora- 
tion. Findings will be presented in hearings late this fall or 
early next year. 


Agena Included in T-HIX Study 


Air Force has awarded a $450,000 contract to the Mar- 
tin Co.’s Denver Div. for a study of a Titan III-X vehicle 
with an Agena upper: stage. Study is to be performed over 
the period of Aug. 14-Oct. 30. 


RADC Pulling Comet Work Together 


Project Comet—Rome Air Development Command’s 
program to determine the concepts, technical disciplines and 
feasibility of radiation weapons—has reached the point where 
a Technical Development Requirement can be formulated. 
Comet—an acronym for Coherent Electromagnetic Energy 
Transmission—is also known as Project 5561. It’s hoped that 


the TDR will highlight the remaining problem areas in the 


achievement of coherent radiation weapons. 


INDUSTRY 


Boeing Investigating Guidance Hardening 


Ballistic Systems Div. has extended a contract to the 
Boeing Co. and modified work specifications in a program 
to provide radiation of “selected ballistic missile guidance 
systems.” Presumably, both the Minuteman I and II would 
be included if the studies prove hardening is feasible. Goal 
presumably would be to protect the missile from radiation 
environment during launch. 
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Phoenix Proceeds According to Plan 


Major milestone in Hughes Aircraft Co.’s Phoenix missile 
system development was reached precisely on schedule re- 
cently when key components for the G-1 working bread- 
board model were delivered 18 months after the start of 
initial design. First units turned over include missile infra- 
red seeker head, radome and servo-electronics package, auto- 
pilot unit and five major electronics packages. Hughes has 
also completed the prototype power subsystem for the AWG- 
9 airborne missile control system; delivered the first of the 
MAU-48A launchers, which is currently undergoing tests; 
and just last week presented the first missile test station for 
Navy acceptance. 


Extended Pioneer vs. Advanced Pioneer 


Studies by TRW Space Technology Laboratories have 
shown that an Aflas-Fire booster probably could put Pioneer 
within 0.5 au of the Sun. Implementation of this extended 
Pioneer would weaken the chances of Advanced Pioneer be- 
coming an approved program in 1967. Modifications needed 
for the Pioneer spacecraft would be relatively minor changes 
in the on-board communications system, but the 210-ft. dish 
at Goldstone DSIF would have to be used at long ranges. 
To yield results of added scientific value, Advanced Pioneer 
would have to go closer to the Sun—probably 0.3 to 0.1 au. 
It would thus become a solar probe. General Electric is 
currently evaluating the Advanced Pioneer mission in more 
detail under a three-month contract from NASA’s Ames 
Research Center. This may result in new emphasis on the 
value of an outward mission to the orbit of Jupiter. 


X-ray Hazard on Moon? 


Possibility that the greatest hazard to lunar astronauts 
may be secondary X-rays excited by solar radiation is focus- 
ing increasing attention on the lunar magnetosphere. Its 
presence or absence will be established by the Anchored 
IMP (a lunar-orbiting spacecraft), which will carry two 
magnetometers and an MIT plasma probe. 


MOL—The Hard Way 


Industry sources continue to be extremely pessimistic 
about the future of the Air Force’s Manned Orbiting Lab- 
oratory (MOL) program. They are concerned that it may 
stay in relative limbo until the U.S. is forced to turn it 
into a crash program. “I feel it may be quite likely that it 
will drag until we suddenly find the Russians already up 
there,” one top industry source told M/R. “Then MOL is 
going to cost a great deal more than it would if it were 
moving along at a good pace now.” 


INTERNATIONAL 


Anglo-French Missile Conceived 


Britain and France may sign this week an agreement on 
joint development of a new nuclear air-launched missile for 
use in TSR-2 and Mirage IV aircraft in strategic roles. De- 
velopment costs are estimated at almost $300 million. Con- 
tractors are Hawker Siddeley Dynamics and Engins Matra. 
Guidance is expected to be television. Britain’s Labor Party 
opposition has attacked the deal on grounds that it is im- 
proper for the government to commit this kind of money so 
close to the general elections, now expected in mid-October. 
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HYBRID ENGINES 


Company: United Technology Center 


In 1959. UTC initiated 4 company-funded 
program aimed at developing a truly prac 


understandiné fo) 
never been any thing 


UTC demonstrated the feasibility of the nybrid. And as a result. 
the Aavanced Research projects Agency> Air Force, anda the Navy 
funded additional r&d efforts py UTC. 


Now, after four years of intensive research, the nybrid is 
ready for full-scale development. 


nvestigate hybrids for 
twice as powerful as 
ropellant systems 
11 demons pility of a 
hyer r engin ple of peing stopped and restarted and 
throttled from 250 to 2,000 pounds of thrust. 


More important is the relations s to other complete 
t detailed j ow shown 


weigh 

substantially gre 

systems - And this per is combined wi 
significant advantage erational fle 
economy - 


Further applications are virtually unlimited: 
propulsion units, Fy tami lliomeeoune jau 
propulsion or attitude control for missiles an 
space missions. 


In short: UTC has added a new and practical dimension in 
rocket propulsion capability: 


For complete details, write UTC, sunnyvale california: 


The Missile /Space Week 


Lewis Gets 260-in. Solid 


NASA solid propulsion officials 
are showing more confidence in the 
future of the agency’s 260-in. solid 
rocket program based on its assign- 
ment to the Lewis Research Center, 
Cleveland, Ohio. The program will 
be directed by James Kramer, who 
is organizing a technical staff in 
preparation for the final turnover of 
the program from the Air Force to 
NASA beginning with Fiscal Year 
1966. 

Kramer now is in the general 
technology area of Lewis’ Chemical 
Rocket Systems Div., which also 
manages the M-1 advanced liquid 
hydrogen-liquid oxygen engine pro- 
gram. The solid effort will be con- 
centrated in a new branch of that 
division. 

Robert A. Wasel, Advanced Re- 
search and Technology solids pro- 
gram manager, outlining the current 
schedule of the 260-in. program, said 
the first round of test firings of the 
half-length demonstration engines is 
scheduled for next March or April 
with a second round scheduled for 
June or July. The engines are now 
under development by Thiokol Chem- 
ical Corp. at Brunswick, Ga., and 
Aerojet-General Corp. at Dade 
County, Fla. 

The second phase, as conceived 
some two years ago when the Air 
Force first funded the program, is 
to select one contractor for a pair 
of test firings of a full-length 260-in. 
motor capable of delivering some 7.5 
million lbs. of thrust. 


Kiwi Reactor Tests Completed 


Flushed from the _ successful 
eight-minute run of the Kiwi-B4E 
full temperature test August 28, 
Harold Finger, manager of the AEC- 
NASA Nuclear Propulsion Office, 
predicted the possibility of a nuclear 
stage flying in the early 1970’s, with 
operational status achieved by 1975. 

The full-power and -temperature 
run of the Kiwi-B4E lasted as long 
as the hydrogen fuel supply and 
marked the third major test of the 
nuclear rocket concept. 

The Los Alamos Scientific Lab 
will now proceed with the third 
phase of the nuclear rocket program 
—the Phoebus high-power reactor. 
This involves at least three or four 
years of design, applied research and 
fabrication work before a reactor 
is ready for tests. 

Information derived from the dis- 
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assembling of Kiwi-B4E will be fed 
into the NERVA program—the sec- 
ond phase of the nuclear rocket 
effort. A hot test of the NERVA 
reactor is scheduled for early next 
month using the Westinghouse 
Astronuclear reactor. 


Titan III-A Valve Malfunctioned 


Malfunction of an onboard helium 
pressure valve shortened the burn 
time of the Titan III-A Transtage 
from a programmed 406 seconds to 
about 391 seconds. The end result 
was that the initial shot of the Titan 
III-A from Cape Kennedy Sept. 1 
fell slightly short of its mission to 
orbit 8,750 lbs. of payload. 

The valve malfunction is a “‘quick- 
look” diagnosis according to Manned 
Space Systems chief Brig. Gen. 
Joseph Bleymaier, but hard informa- 
tion will be obtained through mal- 
function duplication in static tests 
by Aerojet-General, developers of the 
Transtage. Bleymaier added that 


such a pressurization loss would 
have resulted in loss of fuel to the 
system, but it was not known if the 
cause of failure was mechanical or 
electrical in nature. 

The Air Force Systems Command 


official added that “getting orbit 
would have been frosting the cake.” 
All primary and most secondary 
objectives were met. The flight was 
delayed by Hurricane Cleo and sub- 
sequent holds were caused by a 
series of minor problems including 
replacement of a faulty fuel propel- 
lant pressure regulator. This may not 
have been associated with the third 
stage. 


In WESCON’s Wake 


Los ANGELES—Preliminary de- 
sign definition phase on the Block II 
version of the Apollo Command and 
Service Modules will be completed 
this month, NASA officials from the 
Manned Spacecraft Center said at 
the Western Electronics Show and 
Convention here. The first complete 
Block II spacecraft should become 
available by mid-1967. The craft will 
be flight-tested aboard Saturn IB 
launch vehicles initially. 

It was also stated at an Aug. 
28 NASA press conference at the 
WESCON meeting that current 
space agency launch plans call for 
an initial attempt at a manned 
Apollo Earth-orbital flight aboard 
the Saturn IB in mid-1966 at the 
earliest. 

Officials said the Apollo Block II 
redesign would be equivalent to 
about a 10-15% change in spacecraft 
design from the initial version. Pri- 
mary changes will include the addi- 
tion of shock-absorbing and locking 
mechanisms in the front-end docking 
structure of the Command Module, 
improved electronic packaging to re- 
duce problems imposed by humidity 
levels within the spacecraft and some 
aerodynamic cleaning up in the heat- 
shield area, which will involve re- 
moval of some small antenna struc- 
ture. 

Commenting upon the photo- 
graphs taken by Ranger VII, NASA 
officials said that 90% of the lunar 
surface area covered in the final 
pictures would be suitable for a 
lunar landing and were well within 
the terrain slope angles under which 
Lunar Excursion Module design is 
proceeding. They also indicated that 
this fact could lead to relaxed re- 
quirements for lunar surface trans- 
portation systems under considera- 
tion. 


Shots of the Week 


NASA used a Thor-Agena B 
rocket combination to boost the 
Nimbus I weather satellite into orbit 
Aug. 28 from Vandenberg AFB, 
Calif. The intended 575-mi. circu- 
lar orbit was not attained, but the 
satellite was providing satisfactory 
protographs from its elliptical orbit 
(see story, p. 15). 

@ The Air Force’s hurricane- 
threatened Titan III-A was launched 
Sept. 1, four days after it was sched- 
uled. First two stages of the vehicle 
functioned perfectly, but the pre- 
mature shutdown of its Transtage 
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engine prevented the payload from 
achieving orbit (see item, p. 11). An 
Aug. 31 launch was scrubbed 3 sec- 
onds before liftoff because of minor 
technical problems. 

@® NASA test pilot Jack McKay 
flew the X-15 rocket plane to 87,000 
ft. at 3,716 mph Sept. 27 in a test to 
determine if a rippled fuselage 
causes less friction heating than the 
eraft’s conventional smooth skin. 


ATS Experiments Sought 


NASA is seeking more proposals 
for experiments to fly on its Ad- 
vanced Technological Satellites. 

Proposals already picked are in 
the areas of meteorology, communi- 
cations, gravity gradient stabiliza- 
tion, scientific environmental meas- 
urement and mechanically de-spun 
communications antennas. 

As described in a previous letter 
to the scientific community by Dr. 
Homer E. Newell, associate adminis- 
trator in charge of space science and 
applications, the experiment package 
constraints are maximum weight of 
25 lbs., volume of 18 x 11x8 in., 
maximum power of 25 watts and 
minimum radio frequency inter- 
ference. Maximum impulse moment 
(angular momentum) from moving 
parts must not exceed 1 x 10—° ft-lb.- 


You'll find lots of it at Space 
last two years alone our 
portant contributions to all of 
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TALENT 


and spacecraft programs: SATURN 1, SATURN I-B, SATURN V, TITAN I, 
CENTAUR, ATLAS AGENA, ATLAS MERCURY, RIFT, LANCE, JAVELIN, AMRAD, 
EOGO, OSO, IMP, MARINER B, ARIEL, FR-1, SAN MARCOS, MMC, INJUN, SERT, 
EXPLORER and the SATURN SATELLITES. Just one more point. In addition 
to talent, Space Craft employs generous amounts of creativity, experi- 
ence, modern equipment and old-fashioned sweat on all of its pro- 
grams. [] Need help solving some of your knottier problems? [] Your 
communication will bring us running. 


Astrionics Division 


. Space Crart, Inc. 
8620 S. MEMORIAL PARKWAY, HUNTSVILLE, ALABAMA 


sec. for the two synchronous gravity 
gradient missions. 

Launches are slated for six-month 
intervals beginning in early 1967, ac- 
cording to the RFP. 


All-Aluminum Sub Launched 


GROTON, CONN.—Launching of 
the world’s deepest-diving  sub- 
marine, developed over the past five 


years at a cost of $3 million by Rey- 


nolds International, Inc., a subsidiary 
of Reynolds Metals Co., at Electric 
Boat Div. of General Dynamics here, 
marks a significant new step in the 
expanding industry and government 
effort toward development of very 
deep-diving vehicles. 

The all-aluminum vessel—dubbed 
Aluminaut—is designed to descend 
to depths of 15,000 ft., far greater 
than any other submarine (though 
bathyscaphe-type vehicles have gone 
to greater depths), and with con- 
siderable maneuverability. 

Successfully launched Sept. 2, the 
vehicle will begin initial sea trials 
off the Connecticut coast in about 
three weeks. It will make its first dive 
to 15,000 ft. off the Bahamas next 
spring. It descends in a level-keel 
attitude, although nose-down and 
tail-down attitudes are being studied. 

While development has been per- 


Craft, Inc. Want proof? In the 
organization has made im- 
these important space vehicle 
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formed in close cooperation with the 
Navy, Aluminaut has not received 
any Navy funds thus far. However, 
a company spokesman told M/R that 
negotiations with the Navy, believed 
to involve ONR and related agencies, 
are now going on. 


Budget Cuts Hit Surveyor 


Changes in the scheduling of the 
orbiting observatory satellites and 
the cancellation of two planned Sur- | 
veyor spacecraft have been an- 
nounced by NASA as a result of 
economies forced by Congressional 
budget cutting. 

Administrator James E. Webb 
said that the $195-million reduction 
in the combined FY 1965 request of 
$5.304 billion and FY 1964 supple- 
mental of $141 million would cause | 
adjustments affecting launch sched- 
ules and program milestones, but j 
that the space agency has advised 
the President that “we are not at 
this time willing to give up this goal | 
which is so challenging. . .” 

In manned spaceflight, the agency | 
must absorb $114 million in cuts. | 
However, Webb said that no money 
would be programmed from other 
divisions to make this up. Total re- 
quest was $3,152,900,000. 

Space Sciences, which asked | 

| $777,000,000 and received only 743,- 
000,000, is absorbing those cuts by | 
lengthening the launch schedule of | 
the orbiting observatory satellites. | 
In addition, no new procurement on | 
these satellites will be carried out in | 
FY 1965. 
The office has also decided to } 
drop plans for the last two of the | 
Block I Surveyor spacecraft, leaving | 
five 2,150-lb. Surveyors on the sched- } 
ule. The nine 2,500-lb. Block II Sur- } 
veyors were described as “high | 
priority” and presumably their 
schedules will not be affected. The } 
Mars ’66 Mariner mission has also | 
been dropped, in favor of more con- } 
centration on the 1969 mission (see | 
p. 16). 
Program and flight schedule | 
changes in Space Sciences missions | 
apparently will enable the agency to | 
live with some cuts in the tracking } 
and data acquisition category. How- | 
ever, a request may be made to Con- | 
gress to transfer some funds to this | 
category. NASA asked $267.9 mil- } 
lion and received $260 million. 
Cuts in Advanced Research and | 
Technology, for which $320 million 
was asked and $316 million received, } 
apparently will not affect any major | 
programs. The same is true of tech- [ 

| nology utilization and program plan- } 
| ning, for which $5 million was asked 


\ 


| and $4.75 million received. 
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Stimulating climate 
... for career growth, 


for family living. 


Beautiful homes line Seattle's 200 miles of shoreline. 


Senior Engineering Openings at Boeing 


Boeing, the world leader in advanced swept- 
wing, multi-jet aircraft, is today pioneering evo- 
lutionary advances in both civilian and military 
aircraft fields. These programs have created out- 
standing openings for senior engineers in the 
following fields. A limited number of project 
design positions are also available. 

Structural Dynamics Duties involve analysis 
and experiments in aeroelastic fields of flutter 
and dynamic loads. Requirements are a B.S. or 
advanced degree in applied mechanics with 
significant aerodynamic and structures back- 
ground, plus 4 to 8 years of experience related 
to high-speed aircraft. Should be familiar with 
latest theories and techniques for analysis 
and test. 


Stahility and Controt Requires strong back- 
ground in airplane flight control system design 
and analysis, and stability and control charac- 
teristics, plus knowledge of computers, servo- 
mechanism design and development and testing 
of airplane configurations. Master’s degree or 
equivalent, 5 to 10 years of experience. 

Flight Control Systems Assignments involve 
establishing dynamic design criteria and specifi- 
cations for flight control systems, sub-systems 


and components; selection of most suitable con- 
trol system components, and guidance of control 
system procurement and flight test. Requires 
B.S., M.A. or M.S. in engineering, mathematics 
or physics with 5 to 10 years’ applicable 
experience. 


Metallurgy Assignments entail alloy selection 
and application; development and improvement 
of processes; preparation of specifications; lab- 
oratory experiments; technical consultation; and 
service failure analysis. Requirements, in addi- 
tion to 3 to 10 years’ experience in aircraft 
technology or a related field, include familiarity 
with the electron microprobe and microscope 
and standard metallurgical equipment. 

Mechanical Engineering Responsibilities in- 
volve development and improvement of proc- 
esses through laboratory experiments; prepar- 
ation of specifications; technical consultation 
with aircraft designers, vendors and sub- 
contractors, and service failure analysis. 
Requirement: 3 to 10 years’ experience. 

Chemica! Engineering Openings require 5 to 
10 years of experience in lubrication materials 
and concepts; elastomeric, inorganic finish, and 
organic polymeric materials, and structural 


AIRPLANE DIVISION MBMDL M/A Le 


Other Divisions: Aero-Space «+ Vertol « Turbine 


¢ Also, Boeing Scientific Research Laboratories 


adhesive bonding, plus a basic knowledge of 
materials behavior. Work involves evaluation, 
analysis and investigation of all materials char- 
acteristics, including mechanical, electrical, 
chemical and surface. 

Salaries are competitively commensurate with 
your education and experience background. 
Travel and moving allowances are paid to newly 
hired personnel. Boeing is an equal opportunity 
employer. 

Boeing’s Airplane Division is located near 
Seattle in the uncongested Pacific Northwest, 
noted for year-round mild climate, famous 
recreational facilities, excellent schools and 
housing, and healthful outdoor Western living 
for the whole family. 

Mail coupon today. 


Name. 


Mr. Thomas Sheppard, Airplane Division, The Boeing 
Company, P.O. Box 707-ABR, Renton, Wash. 98055 


Address 
City. State_ 
Degree(s) —— 


Fields of Interest. == = 
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Exploratory development... 


Army Gets Antitank Go-Ahead 


THE ARMY has been given a 
go-ahead to pursue an aggressive ex- 
ploratory development program for a 
Medium Antitank/Assault Weapon 
(MAW). The program will involve car- 
trying two competitive approaches to 
the stage of demonstration firings, after 
which it is anticipated a choice will be 
made to develop one of the two weap- 
ons. 

The first approach—a wire-guided 
missile—will be explored by McDonnell 
Aircraft Corp. under a $2,718,960 cost- 
plus-fixed-fee contract from the Army 
Missile Command, Huntsville, Ala. 

The second development—an _in- 
house Missile Command effort—will 
take advantage of Arbalest program 
work done on hypervelocity missiles by 
the Agency and the Ballistic Research 
Laboratories, Aberdeen, Md. Sperry 
Rand Corp.'s Ford Instrument Co. Div., 
ir negotiations currently in progress are 
successful, will provide exploratory de- 
velopment and test of a two-degree-of- 
freedom free-rotor gyroscope for the in- 
house missile. 

® Moment of truth—By August or 
September of 1965, Defense officials ex- 
pect to be in a position to fire the two 


Pacific Polaris 


SUBMARINE SQUADRON 15 
—the Pacific Ocean arm of the Fleet 
Ballistic Missile deterrent force—will 
begin operations around the end of 
this calendar year with the deploy- 
ment of the USS Tecumseh (SSBN 
628) and the USS Daniel Boone 


(SSBN 629) to the area. Pearl Har- 
bor, Hawaii, will be the squadron’s 


home base. 

By mid-1965, two more Polaris 
submarines—the USS Ulysses S. 
Grant (SSBN 631) and the USS 
Stonewall Jackson (SSBN 634)—will 
be on station in the Pacific. The 
squadron will be rounded out with 
three more submarines before June, 
1967. Although these submarines 
have not been designated. the most 
likely candidates for two of the berths 
are the USS Kamehameha (SSBN 
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missiles off against each other and pro- 
ceed with full-scale development of the 
more promising version. 

A Medium Antitank/Assault 
Weapon would fill the gap between the 
M-72 light antitank weapon with a range 
of 500-600 yards and TOW (Tube- 
launched, Optically tracked, Wire- 
guided), which is being developed to 
reach out to ranges of 2,000 yards. 
Nominally then, the range of MAW 
would be 500-1,500 yards. 

Approval for the 4/AW exploratory 
development program was given during 
the week of Aug. 10. The previous week, 
MissILES AND ROCKETS had _ strongly 
criticized the pace of the Army’s anti- 
tank development effort (M/R, Aug. 3, 
p. 10). 

® McDonnell effort—After evalua- 
tion of a number of proposals from in- 
dustry, the Army selected McDonnell’s 
wire-guided missile as the best approach 
to the MAW requirements. The com- 
pany has proposed essentially a shoul- 
der-fired TOW, according to official 
sources. 


Fleet Readied 


642) and the USS Mariano G. Val- 
lejo (SSBN 658). 

All of the submarines in the Pa- 
cific squadron will be armed with 
the 2,500-n.mi. A-3 missile. 

The submarine tender Proteus will 
provide routine maintenance and re- 
plenishment at the forward resupply 
site at Guam. In addition to Proteus, 
a floating drydock will form part of 
the Polaris facilities at Guam. 

Navy Secretary Paul H. Nitze will 
dedicate the Polaris missile assembly 
facility at the Naval Ammunition 
Depot, Bangor, Wash., Sept. 11. This 
facility will receive, assemble, inspect, 
check out and load Polaris missiles 
into the submarines. The FBM subs 
themselves will be overhauled at the 
Puget Sound Naval Shipyard, Bre- 
merton, Wash. 


The missile and launcher would be 
lighter than the 160-lb. TOW launcher 
and missile, but would presumably use 
the same optical system in which the 
gunner sights on a target and as he 
tracks it, a linkage feeds correction 
commands to the missile in flight. 

TOW uses a small motor to eject the 
missile from the launch tube and a sec- 
ond to sustain the missile in flight. It is 
likely that the same approach would be 
used in the McDonnell MAW. 

® Missile Command approach—In 
the Missile Command version of MAW, 
there is no requirement for guidance 
after launch. It, too, is a shoulder-fired 
weapon. The use of high-energy propel- 
lants has been made possible through 
development of a means to control the 
hypervelocity missile. While some Army 
officials advocated use of high-burning- 
rate propellants, control of the missile 
in flight had always been a problem. 

Directional control of the missile 
apparently will be achieved through the 
use of the two-degree-of-freedom, free- 
rotor gyroscope. Such a systen1 would be 
constrained around the roll axis and 
would sense deviations in the pitch and 
yaw axes. Translation of these deviations 
in the missile trajectory into missile cor- 
rections could be achieved through the 
use of a circular ring in the nozzle, 
which, functioning like a jet tab, would 
divert the stream in the desired direc- 
tion. 

Burning rates of approximately one- 
half inch per second were expected from 
the Arbalest program and would be ap- 
plicable to A4AW. Some 40 test rounds 
were delivered to the Army by Douglas 
Aircraft Co. for firing at Aberdeen Prov- 
ing Ground to investigate the potential 
of high-burning-rate propellants for 
high-acceleration, hypervelocity missiles. 
The results of this program are said to 
have been extremely good. 

MAW has been carried on the Ar- 
my’s books as a requirement for more 
than three years. However, the combina- 
tion of TOW development, which re- 
lieved the pressure for a medium 
weapon, and a disagreement between 
the Army’s Combat Developments Com- 
mand and the Material Command over 
the characteristics of such a weapon, 
has delayed its development until the 
recent action. ia 
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nly 70% coverage... 


Nimbus Suffers from Elliptical Orbit 


But officials still are optimistic of six-month orbit; later 
launches in program will carry advanced sensor systems 


THE SPACE AGENCY still hopes 
to achieve Nimbus I’s designed objective 
of six months in orbit, even though the 
satellite went into an elliptical rather 
than the planned circular path. 

The actual orbit—with an apogee of 
579 mi. and perigee of 263 mi., instead 
of the desired 575-mi. circular route— 
also means that the weather satellite 
launched from Vandenberg AFB, Calif., 
on Aug. 28 is covering only 70% of the 
Earth’s surface with its advanced vidicon 
camera system (AVCS) and high-res- 
olution infrared radiometer (HRIR). 

However, Harry Press of the Nimbus 
project office told a briefing at the God- 
dard Space Flight Center last week that 
he still hopes the 830-lb. satellite will 
stay up six months, and that there are 
some advantages in the elliptical orbit. 

He noted that the lower-than-planned 
perigee gives higher resolution for the 
AVCS—from a half-mile to a quarter- 
mile. Furthermore, he said, the orbit 
Keeps Nimbus I outside the radiation 
belts, providing better operation of the 
HRIR sensor than would be possible 
otherwise. 

Nimbus program officials say that 
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when the satellite is operating at full ca- 
pacity it will supply 100 AVCS pictures 
during each of the average 12 orbits— 
totalling 1,200 pictures a day—and 10 
strips of HRIR nighttime pictures. 

Dr. Harry Goet, director of GSFC. 
said he hoped to launch the remaining 
three satellites in the program. He said, 
however, there was little point in launch- 
ing an identical satellite in the next 
shoi. 

Nimbus II is due for launch within 
a year; a third, more advanced “B” 
model is to follow. GSFC hopes to add 
advanced sensor systems to these satel- 
lites so that, unlike Nimbus I and all 
earlier weather satellites, they will be 
able to do more than map cloud cover. 

Nimbus I’s failure to achieve desired 
orbit was caused when the Agena sec- 
ond stage burned only 0.84 sec., instead 
of the 3.8 sec. expected. Press said this 
will pose “substantial” problems. Per- 
haps the most serious is that the control 
system was designed for a circular or- 
bit, and the gas in the jets may have to 
be expended more quickly than antici- 
pated. Also, there will be some gaps in 
the reception of pictures. 


EXCEPTIONAL 
quality of Nimbus 
transmission shows 
in these pictures. 
LEFT: APT shot 
from 515-mi. alti- 
tude picks up Cuba, 
as well as four U.S. 
states. RIGHT: In- 
frared picture taken 
near midnight from 
280 mi. clearly 
shows Caspian and 
Aral Seas in western 
Russia. Near left 
center is Volga River. 


Instead of the 13.9 average orbits 
per day planned for, Goddard is getting 
14.7; however, the number of orbits in 
which data are not received each day 
is ranging from two to seven, rather than 
the hoped-for two to three. 

The infrared pictures were the first 
ever published of the Earth’s cloud cover 
photographed at night. The HRIR sys- 
tem takes a strip of pictures about 1,500 
mi. wide and covering half of the Earth’s 
surface from north to south in each 
transmission. One strip taken shows 
cloud cover from Manchuria to Ant- 
arctica. 

For the future Nimbus launches, 
GFSC scientists say they plan to use 
devices such as spectrometers and micro- 
wave radiometers to gather temperature 
profiles. In addition, to gather data on 
pressure and winds, receivers would be 
installed in the satellites to pick up sig- 
nals from instrumented buoys and au- 
tomatic stations in remote locations. 

All these data would be fed into a 
computer, where they would be com- 
pared with mathematical models to pro- 
vide rapid readout of weather conditions 
around the world. a 


15 


Ranger photos show... 


Surveyor Must Settle 


Doubts on Lunar Surface 


DATA ON THE STRENGTH of 
the lunar surface and whether it will 
support a manned spacecraft will not be 
known until 1966 at the earliest. 

NASA experimenters, after detailed 
study of Ranger VII's photos of the 
Moon (see p. 18), reaffirmed that the 
Earth’s satellite will provide a suitable 
smooth landing site for Project Apollo. 

Dr. Gerard Kuiper of the Univer- 
sity of Arizona, Dr. Eugene Shoemaker 
of the U.S. Geological Survey and Dr. 
Harold E. Urey of the University of 
California declared, however, that a 
definite answer to the age-old question 
of the strength and make-up of the lunar 
surface will not be known until instru- 
ments are landed on the Moon. 

Surveyor 4, the first U.S. spacecraft 
to provide that capability, will not be 
launched until the third or fourth quar- 
ter of 1966, NASA officials say. Since 
technical problems with Surveyor’s land- 
ing gear still have not been solved, slip- 
page into 1967 is a possibility. If the 
slippage does occur, it could prove to be 
critical to achieving the first U.S. 
manned lunar landing—still officially 
scheduled for late 1970. 

Comments of the Ranger experi- 
menters at an Aug. 28 press conference 
in Washington revealed that despite the 
excellence of the Ranger photos, many 
of the ancient controversies surrounding 
the Moon still remain. 

Although both said that real proof 
would have to be obtained by Surveyor, 
both Kuiper and Shoemaker held that 
the large marias or seas on the lunar 
surface are lava beds formed ages ago 
and astronauts will sink less than a foot 
when stepping on the surface. 

@ Demurrer—Urey, in a paper read 
for him at the conference, sharply dis- 
sented with that view. 

“The question of whether the lunar 
maria consists of lava or finely divided 
material is in my opinion unanswered 
by these pictures. I have seen nothing 
that definitely convinces me to either 
point of view,” he said. 

He noted that there are certain fea- 
tures which he could interpret as due to 
dust or finely divided material and other 
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features that suggest possible lava-like 
structures. 

® Rocks and craters—Another area 
of partial disagreement is the absence of 
evidence of large rocks. 

Kuiper and Shoemaker said this in- 
dicated considerable erosion by cosmic 
dust and solar particles. 

They disagreed, however, on the 
magnitude of the wearing-away process. 

Kuiper said he would place the proc- 
ess at about five feet. 

Shoemaker declared that the erosion 
rate was more like 50 ft. He pointed out, 
however, that even a five-foot erosion 
rate would remove a good deal of indi- 
vidual large fragments one might expect 
to find on the Moon. “Once you get a 
rock above five feet, it tends to break 
up On impact into smaller pieces,” he 
said. 

Kuiper said that a very important 
new result of the Ranger flight was the 
large number of secondary craters in the 
area photographed. 

He said this disproves previous the- 
ories that the crater ray areas were com- 


posed of a few primary craters and 
a few secondary craters with a large 
amount of powdery material in between. 

Instead, he said, the crater ray area 
was composed of myriad clusters of sec- 
ondary craters and even a large amount 
of tertiary cratering. 

He added, however, that in many 
areas there are primary craters and only 
a few secondary craters. These, he con- 
tinued, would provide suitable landing 
sites because 90% of them would be free 
of craters. 

Also touching on the Moon’s flat- 
ness, Shoemaker said the final photo had 
a median grade of only 5 degrees and 
that the largest slope measured had a 
grade of 18 degrees. 

He said that only about 10% of the 
area photographed had a slope greater 
than 15 degrees. 

Another interesting observation, by 
Urey, concerned one crater in which 
craggy objects are clustered. Noting that 
the objects did not appear to stem from 
the material which created the crater, he 
hypothesized that they might be the tops 
of a subterranean mountain pushing 
through the surface. 

@ Refinements—Further refined re- 
sults of the Ranger flight were also re- 
vealed at the press conference. 

The space agency said that the space- 
craft impact point was within six miles 
of the planned one and within 19 sec- 
onds of its planned arrival time. 

The last picture taken showed ob- 
jects down to 10 inches in size. It was 
taken from an altitude of 1,600 ft. 

The space agency also said that new 
data from the Ranger flights has im- 
proved the accuracy of measurements 
of the masses of the Earth and the Moon 
by factors of 3 and 10 respectively. 


New Mariner Mars Contracts Due in Mont 


HARDWARE FUNDING of the 
Mariner Mars 1969 spacecraft will not 
begin until Fiscal Year 1966. 

NASA officials say Phase I of the 
program will begin late this year, when 
two to four firms will be selected for a 
program definition and preliminary de- 
sign contract. 

While the project marks the first time 
a missile/space firm will be selected to 
build a U.S. planetary spacecraft, proj- 
ect management will remain at Jet Pro- 
pulsion Laboratory. 

It has also been decided that either a 
regular Aftlas-Centaur vehicle or its 
floxed A¢tlas counterpart will serve as the 
launch vehicle. 

While no final agreement has been 
reached, it now appears the spacecraft 
will be sent on a Mars orbiter mission 


rather than a fly-by flight with a sur- 
vivable capsule which it would inject 
into the red planet’s atmosphere. 

Many NASA officials now apparently 
agree that the orbiter would provide 
more scientific information. 

The 1969 launch window would en- 
able the spacecraft to get to Mars just 
as the wave of darkness begins in its 
southern hemisphere. If a minimum or- 
bital lifetime of three months could be 
obtained, seasonal changes could be ob- 
served, 

A final decision on the mission will 
not be made for about 30 days, when 
Avco Corp. finishes a study of the cap- 
sule lander mission. Lockheed Aircraft 
Corp. has already completed a study of 
the orbiter in flight. 


ssansansaneas 
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Dual-purpose ‘ears’. . 


Undersea Sensors Planted Near USSR 


Devices developed in nuclear detection program, but ostensible 
role is earthquake detection; other Vela progress revealed 


Los ANGELES—Six newly developed 
ocean-floor-mounted seismometers, de- 
scribed as “research vehicles” for the 
Dept. of Defense nuclear-test detection 
project known as Vela, have recently 
been planted in the Pacific Ocean near 
the Aleutian Islands. 

Ostensibly, the units will keep tabs 
on the relatively active earthquake re- 
gion surrounding the Soviet’s Kam- 
chatka Peninsula and Kuril Island 
chain. In this area, ocean-mounted seis- 
mometers obviously could aid land- 
based sites in properly evaluating earth- 
quake activity. 

However, informed sources also 
point out that it is in the approaches 
to the Kamchatka region that the USSR 
is the most “seismically accessible, al- 
though, unfortunately, they do have 
many quakes there.” 

Underwater detection systems still 
must be clearly proven, according to 
experts in the field, in terms of pro- 
viding additional gain over land-based 
systems. But they make it possible to 
establish stations in closer proximity to 
some areas than would be possible with 
land installations. 

The U.S. program to detect clandes- 
tine nuclear tests, under direction of 
DOD’s Advanced Research Projects 
Agency (ARPA), does have a charter 
to explore all mediums in which bombs 
may be exploded as well as all types of 
inputs which may contribute to a broad 
capability. 

@ TI advances—The new sensors 
in the Aleutians, developed by Texas 
Instruments, Inc., together with other 
new sensors developed by the Lamont 
Geophysical Observatory at Columbia 
University and at the University of Cali- 
fornia’s Institute of Geophysics and 
Planetary Physics, are all being eval- 
uated for possible roles in the undersea 
portion of Vela. 

A series of tests using dynamite ex- 
plosives is slated in the Aleutians this 
month to check out the instruments 
there and gather area data. 

The TI sensor is probably the most 
advanced of those now being looked at 
for Vela, sources close to the project re- 
port. While perhaps the most advanced 
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by Michael Getler 


sensor work and experience in this tech- 
nology has been accomplished at the 
Lamont Lab, TI is known to have made 
major inroads through major efforts in 
industrial design and application. 

The TI seismometer is reportedly of 
the pop-up variety, released from its 
bottom mooring by an exploding squib. 
It is also believed to include a new re- 
covery technique. The package consists 
of three transducers, low-noise para- 
metric amplifiers, hydrophones to meas- 
ure pressure fluctuations, and a new 
direct-recording magnetic tape unit 
about which scientists are known to be 
enthusiastic. The recorder reportedly op- 
erates at slow speed and low power 
continuously for 30 days, and contains 
highly stable tape-drive and amplifier 
units. 

@ Two new efforts—In other devel- 
opments in the Vela program, Lincoln 
Laboratory scientist Dr. Paul Green, 
speaking at the recent WESCON meet- 
ing here, outlined the two new programs 
being undertaken by ARPA to increase 
the size and sensitivity of land-based nu- 
clear detection systems. 

Five seismic arrays now are in op- 
eration in the U.S., located in Oregon, 
Utah, Tennessee, Oklahoma, and Ari- 
zona. The largest existing complex, in 
Arizona’s Tonto Forest, stretches across 
a 6-mi. area and includes 51 seismom- 
eters. (The British are believed to have 
built linear arrays larger than the Tonto 
Forest system.) 

While these sites have been useful in 
detecting and identifying seismic activ- 
ity, scientists point out that much better 
results could be obtained with larger 
arrays that are much longer than the 
5-15-mile-long wavelengths of the ac- 
tual seismic disturbances. 

To accomplish this, ARPA has 
launched two projects, one of an inter- 
mediate nature and the other a totally 
new and more complete system. 

The first of these involves extend- 
ing the Tonto Forest array through use 
of mobile seismometer-equipped vans 
to about a 218-mi. linear dimension. 
Instrumentation for this is reported to 


be complete and initial experiments are 
said to be getting under way. While this 
does give the site a wider area, sources 
say it is not filled in with instruments 
in an optimum fashion. It will there- 
fore be useful primarily for intermediate 
experiments. 

The second system is a very-large- 
aperture array, 100-mi. in diameter and 
containing some 500 seismometers, 
which will be installed in the north 
central U.S. and be in operation by late 
next summer, or early fall, according to 
sources close to the project. Field parties 
are said to be surveying land areas. 

Scientists say the two new projects 
are actually aimed more at improving 
detection and blast discrimination capa- 
bilities through proper use of large- 
aperture arrays than at merely improv- 
ing individual sensors, which are already 
reported to be highly sensitive (some- 
times a complicating noise factor). 

By designing arrays several wave- 
lengths long, the scientists hope to better 
suppress microseismic noise, which 
often obscures a signal, and also to 
suppress the obscuring multipath signals 
which arrive at the site with various 
time delays through any number of sec- 
ondary paths from the blast area. 

Using 21 of the 51 seismometers 
with the existing Tonto Forest array, 
Lincoln Lab scientists say, they can 
now detect a disturbance equal to a 
3.5 reading on the Richter scale at a 
distance of about 3,000 mi. 

The increase in sensitivity of the 
new detection system, they told M/R, 
should be at least proportional to the 
increase in the number of sensors used. 
Therefore, when the 400-seismometer 
system is completed next year it should 
represent about 25 times greater sensi- 
tivity than the group of instruments at 
Tonto Forest now used for this appli- 
cation, allowing measurement of 2.5 
or 2.75 disturbances on the Richter 
scale at the same distances. 

The Lincoln Lab technical design 
and implementation work is being done 
for ARPA through an AF contract from 
the Vela Seismological Center of the 
AF’s Technical Applications Center. @ 
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‘Seabed’ interview reveals... 


Ocean-Based Strategic Weapons Held 
Neither Feasible nor Necessary Now 


ALTHOUGH recommendations and 
conclusions of the Navy’s June 6-July 
24 Project Seabed Advanced Sea-Based 
Deterrent conference exercise are classi- 
fied, two conclusions seem to be impor- 
tant considerations in any future sea- 
based deterrents: 

—Deep-ocean strategic systems are 
not now considered either necessary or 
feasible and will not play a major role 
in military systems until costs are re- 
duced and technical hurdles overcome, 
utes 

—The advantages of mobility and 
concealment offered only by the ocean 
“are not to be thrown away lightly.” 

In an exclusive interview with Mis- 
SILES AND RocKETs, Dr. John P. Craven, 
chief scientist for the Navy’s Special 
Projects Office stressed that it would be 
“a long, long time” before it would be 
necessary for the Navy to use all the 
protection the ocean offers for hiding. 
He specifically divorced the Advanced 
Sea-Based Deterrent from deep-ocean 
technology. 

@ Cost an obstacle—The Monterey, 


Calif., conference explored not only the 
potential use of the sea for future deter- 
rent systems but also probed ways in 
which the Navy could extend its versa- 
tility and usefulness to other parts of the 
strategic spectrum—particularly those 
that appear highly promising with re- 
spect to cost. 

Through exploitation of technology, 
the cost of deep-ocean systems should 
be reduced substantially. In particular, 
if materials and structures problems can 
be solved to get applications flowing 
freely, costs can be reduced to a point at 
which the deep ocean could become at- 
tractive for military use. 

Looking beyond the Polaris B-3 time 
scale, the conference examined the 
Navy’s strategic role in the 1970-1980 
time period, and its mission in deep- 
ocean technology. 

@ Conference scope—The Seabed 
conference was attended by 50-100 per- 
sons, mostly from the Navy’s in-house 
labs, plus other contributors, such as the 
Stanford Research Institute. 

Private industry conducted briefings 


NASA Releases Further Ranger VII Photos 


RECENTLY RELEASED Ranger VII pliotos are among last 
taken by (partial scan) series cameras before spacecraft’s impact 
on Moon surface July 31. LEFT: Taken 0.82 sec. before impact, 


for the group at industry’s discretion. 
Distinguished members of the scientific 
community, such as Dr. Edward Teller, 
director of Livermore Radiation Labora- 
tories; Dr. Frederick Seitz, president of 
the National Academy of Sciences and 
Dr. Charles C. Lauritsen, vice-chairman 
of the board of trustees of Aerospace 
Corp. and professor of physics at Cali- 
fornia Institute of Technology, were 
called upon as consultants to the con- 
ference. 

Four panels—Weapons, Deep-Ocean 
Technology, Systems and an Over-view 
and Review—studied the problem of ad- 
vanced sea-based systems. 

Among the systems studied were: 
untended missiles deployed in the ocean 
or along the littoral of the U.S. or other 
land areas, moored manned stations, a 
missile “field” tended by a mother sub- 
marine, small single-missile submersi- 
bles, and extensions of Polaris concepts. 
In fact, any idea applicable to advanced 
sea-basing was studied in detail, includ- 
ing systems based on or above the 
ocean’s surface. | 


photo has slant angle of 7,056 ft. and lunar area shown is 277 
ft. on longer side. RIGHT: Snapped 0.62 sec. before impact, 
this shot has slant angle of 5,317 ft. and width of 583 ft. 
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AVAILABLE-NOW 


New Edition 
50% Revised 


x 


This fourth edition of the WORLD SPACE DIRECTORY lists over 16,000 key industry 
personnel in approximately 4,000 U. S. and foreign missile/space and defense- 
oriented companies, organizations and government agencies. Over 50% of the 
listings have been revised and over 400 new companies added to reflect changes in 
the industry since the last issue was published in October, 1963. 


WORLD SPACE DIRECTORY will serve as your basic guide to locating companies 
and personnel; checking titles, addresses and telephone numbers; and gathering 
reference data for production planning in the multi-billion dollar missile/space 
and defense markets. 


Order your copy of the easy-to-use WORLD SPACE DIRECTORY today. 


. Please ship........ copies at $12.50 United States, Possessions & Canada; 
: $13.50 All Other Countries. 
WORLD SPACE 
DIRECTORY NAME TITLE 
1001 Vermont Ave., N.W., [ COMPANY PRODUCTS/SERVICES 


Washington, D. C. 20005 
ADDRESS 


CITY STATE ZIP 


THE GREAT TINY 
TRANSDUCER TROPHY 


Each year, we award ourselves the 
GTTT. This year it was for our sub- 
miniature, 1” x 1” pressure transducers 
which come in both high and low pres- 
sure versions covering zero to 3500 psia. 
Weight is three ounces. Temperature 
range is —65°F. to +200°F. They’re 
stable at 50 G's vibration and accelera- 
tion (up to 75 G's for the high pressure 
version). For more data, use Reader 


Service Number 11. 
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Can You Find the Error? 


Below you see typical specifications for 
the best open-loop accelerometer in the 
business (which by sheerest coincidence 
happens to be our Model 24171). We’ve 
deliberately made an error in the specs. 
Bet you can’t find it (for answer, see bot- 
tom of this column). 


DESCRIPTION 


The Model 24171 Accelerometer pro- 
vides a voltage-ratio output that varies 
in direct proportion to the G values of 
acceleration in two linear directions. The 
24171 is gas-damped, hermetically 
sealed, and is designed to minimize the 
effects of cross accelerations. 


SPECIFICATIONS 
Range +2 gto +50¢ 
Dynamic Error Band +0.75% typical 
Natural Frequency 9 to 45 cps 
Temperature Environment —57° to +100°C 
Crosstalk .005 g per g 
Damping Coefficient Less than +0.10% 
Vibration MIL-E-5272C, Proc. Xt, Curve A 
Weight 10 ounces 


Potentiometer Resistance 2000 to 10,000 
ohms +5% 


Threshold Sensitivity 0.02 g plus g equiv- 
alent of 1 wire 


Life 1,000,000 cycles at max frequency of 3 
cps, over approx. 25% of full range 


Current Rating 10 milliampers, continuous 
duty 


Optional Modifications Dual potentiometer 
output. Caging. Self-checking 


Size 1.37” Hx 1.13” Dia. x 3.4” L 
¢Sadadiunyyya 
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ANNUAL 
AWARD ISSUE 
KHEKHKH 


“The Prizes of Progress 
and Productivity Shall 
Drag Us Ever Onward.” 
R. Alphonse Meola, Jr. 

(1789 —) 


PUBLISHED MONTHLY BY GIANNINI CONTROLS CORPORATION 


Which is primarily located at 1600 South Mountain Avenue, Duarte, California 


The Marquis de Sade, and You 


ASTONISHING OFFER BELOW 


We've long suspected a rich and un- 
tapped source of literary talent among 
our readers. Judging from our mail, 
many of you have the rare ability to 
write about serious subjects in a lighter 
vein. This talent should not go unre- 
warded.* Consequently, we have estab- 
lished the Rabelais-Sade-Doe Memorial 
Photograph Award. It consists of an 
autographed, 11” x 14” picture suitable 
for framing, showing the winner posing 
with his fellow authors, Rabelais and the 
Marquis. To win the award, simply 


write, in fifty words or less, an adver- 
tisement for GCC’s subminiature, 
3-ounce 1” x 1” pressure transducers 
(see item in upper left hand corner). 
Mail your entry to our Department RSD. 


The contest closes on Hallowe’en. In 
case of a tie, duplicate prizes will be 
awarded. Winners will be notified when 
to send us their photos. 


*Since we may wish to use any submitted essay 
in a future advertisement, we will magnant- 
mously compensate all entrants by paying our 
standard Potpourri author’s fee of $.009246 per 
word. (Ars gratia artis) 
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BEST GUESS CONTEST 


Blood Type 


To get a large, free coupon, suitable for framing, fill in 
your name and address below. Please print clearly. Also, 
include 10¢ to cover mailing and handling costs. 


Company 


LIQUID 


CIRCUIT 
BREAKER 


The drawing above represents: 
1) An automatic milking machine 
() A thing confiscated by Eliott Ness 


[] A GCC Liquid Level Control System 


If you guéssed that the drawing is of a main- 
tenance -fyee system with no moving parts that 
solves moying and stored liquid handling prob- 
lems throygh accurate, safe, reliable, highly re- 
peatable, ‘ultrasonic sensing of the presence of 
fluid at any point or points in a flow or stor- 
age system (regardless of pressure, temperature 
and physical or electrical nature of the fluid) 
you are correct and win a handsome data bulle- 
tin when you use Reader Service Number 10. 


Technical Countdown 


ELECTRONICS 


Systron Picked for Remote Weather Spotter 


A system originally developed five years ago by Systron- 
Donner Corp., Concord, Calif., for retrieving weather in- 
formation from satellites has been adapted for use by the 
U.S. Weather Bureau as an automated weather report system 
for ground stations. Named Systrac, it is designed for remote, 
unattended field stations and gathers and transmits wind 
speed and directions together with temperature data within 
10 seconds to a central computer programmed to assemble 
weather reports. The first system will be installed at Las 
Vegas, Nev., at a cost of approximately $200,000, according 
to Systron-Donner. The installation consists of six field sta- 
tions and four master stations over a wide area of desert 
previous monitored by personnel traveling from station to 
station to pick up recorded data. 


GC Audio Waves Obtained in Crystal Studies 


Thin-films of crystalline cadmium sulfide 10“ to 10° in. 
thick are being employed by Westinghouse Electric Corp.’s 
Pittsburgh Research Laboratories to obtain ultrasonic waves 
at frequencies up to 9 gc. Further research, according to lab 
scientists, will soon yield frequencies to 900 gc. The piezo- 
electric transducers so far have avoided the tendency to 
brittleness of more conventional ultra-thin quartz crystals. 
The work, performed under an Air Force Cambridge Re- 
search Labs contract, is part of a basic study of the structure 
of crystalline materials, such as ruby and sapphire. The thin 
films are deposited directly on the materials under investiga- 
tion. A short high-frequency microwave pulse is used for 
crystal excitation. 


Miniature Time Reference Available 
A Rubidium frequency Standard, the R-20, recently de- 


veloped by Varian Associates is believed to be the smallest | 


fully synthesized atomic frequency standard ever built. Ap- 
plicable to both aircraft and spacecraft use, the long-term 
time reference is stable to one part in 101+ for a 1-second 
averaging time or one part in 5x10*? throughout a full year. 
Its accuracy, says Varian, is good to = 107°. Measuring 
only 5x7x19 in. and weighing less than 20 Ibs., the standard 
provides output frequencies of 5 mc, 1 mc, and 100 kc. 


Laser Signal Converted to AM Beam 


An optical ratio detector, consisting of two birefringent 
crystals several centimeters long, has been used to demon- 
strate conversion of microwave phase-modulated laser light 
to microwave amplitude-modulated light at modulation fre- 
quencies between 2 and 12 gc. The experiment, carried out 
at Stanford University, used the ratio detector with a helium- 
neon laser, a KDP phase modulator and traveling-wave 
phototube. 


MATERIALS 


Electrically Conductive Plastics Developed 


A series of plastics capable of conducting electricity are 
entering commercial development at General Electric’s Re- 
search Labs in Schenectady, N.Y. The process used to make 
the plastics can also control the degree of conductivity. In 
their presentation to a recent meeting of the American 
Chemical Society in Chicago, Dr. John H. Lupinski and 
Kenneth D. Kopple said that tests indicate the plastics can 
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conduct electricity indefinitely without undergoing changes. 
While not as efficient as metal conductors, the plastics can 
be molded and shaped easily or applied as paint and putty. 


FLOX Tests Successful 


A series of tests at General Dynamics/ Astronautics using 
a 50% by weight mixture of LOX and liquid fluorine proved 
that component performance characteristics observed in 
earlier tests with only a 30% addition of fluorine were well 
within the desired limits for Atlas flights. The increase in 
fluorine was necessary in the test program because boil-off 
from the 30% mixture can produce concentrations of 
gaseous fluorine in excess of 30%. 


260-in. Thrust Ring Fabricated by Bethlehem 


A massive 300-in.-dia. steel ring will be shipped by barge 
from Bethleham Steel Co.’s San Francisco shipyard to Aero- 
jet General’s Dade Div. in Florida early next month. The 
ring will be used in the thrust measuring device during the 
test firing of the 260-in.-dia. solid rocket currently being built 
by Aerojet-Dade. Motor thrust will be transmitted through 
the ring to three load cells spaced equidistant around and 
below the ring in the cast-cure and test firing pit. 


Nuclear Fuel Recycling Lab Site Sought 


A joint research and development program on advanced 
methods for reprocessing nuclear fuels—including the con- 
struction of a $1.7-million recycle fuels laboratory—is in 
progress with Dow Chemicals Co. and Westinghouse Electric 
Corp. A number of western sites are being studied for the 
lab, which will be constructed in 1965. Existing Dow and 
Westinghouse research facilities will also be used in the pro- 
gram designed to find ways of decreasing nuclear fuel costs 
by reprocessing the fuels. Techniques for fabricating plu- 
tonium fuel elements will be studied. A $1-million operating 
budget has been established for the first 17 months of the 
project. 


SPACE MEDICINE 


Immersion Tests Yield Weightlessness Data 


Underwater Zero-g tests in a full-scale mockup of a man- 
ned spacecraft are in the planning stage as a direct result of 
preliminary runs conducted by General Dynamics/ Astronau- 
tics. The week-long immersion tests involved a metal iris and 
test subjects, but the data convinced Astronautics Div. Life 
Science Lab engineers a full scale mockup could supplement 
information obtained in parabolic aircraft flights. The tests 
measured the total motion of the human body in a weight- 
less condition through an infinite number of spin axes. Other 
tests in the series simulated lunar and Martian gravity by 
varying the subject’s buoyancy. 


Solar Flare Simulation Studies Planned 


Seven primate whole-body proton experiments in sup- 
port of the space program are being planned by the Air Force 
School of Aerospace Medicine. Cyclatron facilities in Europe 
and the United States are being considered for the series, 
which will be conducted over a period of a year to 16 months. 
Seven tentative energy levels between 14 Mev and 2.3 Bev 
have been selected for the study, to simulate the wide energy 
spectrum that would be possible in different solar flare situa- 
tions and with various shielding materials and designs. 
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propulsion engineering 


Surface Tension Is Energy Source 


EOS applies liquid principle to pump propellants for ion 
rockets; weightlessness tests indicate method is feasible 


PASADENA, CaLir.—A method of 
using the surface tension of liquids as a 
source of energy to pump ion rocket 
propellants to the tank outlet in a zero- 
gravity or low-acceleration environment 
has been developed by Electro-Optical 
Systems, Inc. 

It could also be used with lubricants 
or other liquids aboard spacecraft, al- 
though EOS has done no laboratory 
work on these applications. Surface 
tension pumping has become a standard 
part of EOS ion rocket systems under 
development for the Air Force and 
NASA. Persistent industry and govern- 
ment reports indicate that one of the 
Air Force systems will undergo a sub- 
orbital flight test within a very few 
weeks. 

Propellant tank models equipped 
with surface tension pumping systems 
have been subjected to zero g for 1.85 
sec. periods in free-fall drop tests at 


PHOTO SEQUENCE shows zero-g test of a wetting liquid in 
transparent orange-segment-shaped container. Left to right: liquid 
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by Russell Hawkes 


Wright-Patterson AFB, Ohio, and for 
12 to 15 sec. in C-131 aircraft flying 
ballistic trajectories. Results indicate 
that the concept works, at least for the 
brief durations possible in these types 
of tests. 

@ Physics of tests—The concept is 
based upon the fact that wetting liquids 
enclosed in a tapered vessel migrate 
toward the narrow end because surface 
tension acts to minimize the free sur- 
face area and maximize the area of 
wetted contact surface. 

The principle has been thoroughly 
discussed by all technologists working 
on the positioning of liquids in gravity- 
free storage vessels. The trouble is that 
a long, tapering vessel is not an efficient 
shape for a spacecraft component. 

EOS manages to use a spherical 
tank by putting in closely spaced divid- 
ers extending radially from the center- 
line of the tank. The surface tension of 


the liquid cesium propellant moves it 
inward between thin converging stain- 
less steel dividers to a porous nickel 
foam “wick,” which soaks it up and 
carries it toward the ion engine by 
capillary action. 

Nickel is not normally wetted by 
cesium, but the wick can be precondi- 
tioned by heating it to 200°C, after 
which cesium will continue to wet it 
without further heating as long as the 
temperature remains above the cesium 
freezing point. For the sake of relia- 
bility, the preconditioning can be done 
during propellant loading rather than in 
flight. 

At the downstream end of the wick, 
a heating coil vaporizes cesium off the 
end of the wick, and the slightly ele- 
vated vapor pressure moves the pro- 
pellant through a feed tube and into 
the ion emitter. As the liquid is vapor- 
ized, more seeps through the wick to 


rests on bottom of vessel; in zero-g state, surface tension trans- 
ports wetting liquid to narrow edge of segment (second and third 
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ION ROCKET propellant tank with top remov 
dividers that comprise surface tension pump. Wetting liquids are 


replace it. The system works with the 
gas discharge type of engine being de- 
veloped for NASA as well as with the 
contact ionization type being developed 
for the Air Force. 

EOS engineers regard surface ten- 
sion pumping as the “ultimate solution” 
to the problem of positioning and mov- 
ing liquids where little or no gravity or 
acceleration exists and where very high 
flow rates are not required. It does not 
require the expenditure of on-board 
power and there are no moving parts. 

®@ Limitations—The technique can- 
not be used during the boost phase of 
spaceflight because accelerations even 
less than that caused by gravity are 
more powerful than the surface tension 
effect, with the liquid settling to one 
side of the tank. 

During high accelerations and vibra- 
tions, there is even a possibility that the 
liquid would be expelled through the 


photos); wetting liquid has reached its equilibrium position dis- 
tributed evenly along narrow edge of segment, where it will 
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ed to show radial 


wick and into the feed tube, where it 
would block the operation of the sys- 
tem. 

To prevent this, EOS will freeze the 
cesium during launch and melt it before 
starting the ion engine. This is not diffi- 
cult, since the freezing point of cesium 
is 82°F and tank temperatures through- 
out flight will be little higher than that. 

EOS engineers found the develop- 
ment of mechanical systems with mov- 
ing parts to position propellant in zero 
gravity “extraordinarily difficult” be- 
cause of the low-pressure environment 
and the corrosive nature of cesium. Such 
components as valves showed little 
promise of ever attaining the long oper- 
ating lives sought for ion engines. The 
design goal for the EOS/NASA engine 
is 750 hours of continuous operation. 

@ Response time—EOS considers 
the response time of its propellant feed 
system very good. An alteration in the 


moved by their own surface tension to narrow part of each 
orange-segment-shaped volume. Foam nickel wick is at left. 


power transmitted to the vaporizer coil 
produces a change in the cesium flow 
rate within one second. The vaporizer is 
controlled by a feedback circuit that 
senses electron current at the ion emit- 
ter. If a reduction is sensed, current to 
the vaporizer coil is increased to step up 
the flow of cesium. 

Temperatures in the storage and 
feed system are moderate. They should 
be as near as possible to the freezing 
point of cesium to minimize corrosion, 
which increases with temperature. The 
temperatures in the tank and wick must 
always be less than that in the vaporizer, 
where heat is used to control cesium 
flow rate. 

The pressure in the tank is of no 
importance in powering or controlling 
the flow of propellant. The pressure in 
the feed tube to the ion emitter is con- 
trolled by the temperature of the vapor- 
izer, and is normally 10 mm Hg for 


remain for duration of weightlessness condition. Initial tests in- 
dicate pumping concept is feasible. 


the contact ionization system and 0.1 
mm for the gas-discharge type. 

Since less capillary force is needed 
in the latter to overcome pressure in the 
tube and prevent flow reversal, it can 
have a more porous wick. The nominal 
temperature in its vaporizer is 200°C, 
compared with 350°C in the contact 
ionization type. 

Spacing of the radial divider vanes 
in the tank can be selected to match the 
surface tension pumping force to the 
anticipated acceleration levels. The spac- 
ing for present EOS ion engines is ade- 
quate for 0.01g accelerations, although 
the flight test engine will provide an 
acceleration of only 0.0001g. The mar- 
gin is to allow for unforeseen accelera- 
tion events such as micrometcorite im- 
pacts. 

Porosity of the wick is also selected 
on the basis of the acceleration to be 
encountered. Low-g flight systems use 
a coarser wick than Earth-based lab 
test systems. 

@® Extrapolatings—EOS has made 
and tested about a dozen surface ten- 
sion feed systems for ion engines as well 
as transparent models of the “orange 


segment” volume between dividers. The | 


largest tested with an engine to date 
contained 20 lbs. of cesium. 

There is no fundamental reason why 
the surface tension pumping principle 
should not work regardless of the size 
of the tank or the proportion of its 
volume containing liquid. A blob of 
wetting liquid in contact with only one 
divider should tend to spread thinly 
along the wall until it contacts the op- 
posite divider at the narrow inner end 
of the compartment. Then the re- 
mainder of the liquid would migrate 


toward the center-line in the usual fash- | 


ion. 

In a very large spherical tank, the 
ratio of contact surface to volume 
would be less. If this ratio should be- 
come smaller than the equivalent ratio 
in the feed tube, surface tension would 
transfer a slug of liquid into the tube, 
blocking the operation of the vaporizer 
and the ion emitter. 

Feed tube geometry can be altered 
to prevent this, or in systems of ex- 
treme size, the tank might be made 
cylindrical rather than spherical to en- 
large the internal surface area with 
respect to the propellant volume. 

The zero-g system for cesium was 
described last week to the Fourth Elec- 
tric Propulsion Conference at a confi- 
dential session. The presentation also 
covered the results of three programs— 
limitations on the lifetime of a porous 
tungsten button engine, development 
and testing of a small sastrugi engine 
and the development and testing of a 
high-thrust sastrugi engine. Extended 
testing with an automatic control sys- 
tem was also included. | 
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astronautics 


AF Pilots ‘Far Exceed’ | 
Expected Performance} 
In Military Experiment 


Two-week simulation study will influence Air Force: 
attitude on operational missions, space-station design 


VALLEY Force, Pa.—Startling in- 
dications of man’s ability to perform 
| military space missions are coming out 
of a two-week simulation here in which 
two Air Force Aerospace Research Pilot 
School pilots participated. 

Ramifications of the test conducted 
at General Electric Valley Forge 
space station simulation facility are ex- 
pected to shape Air Force thinking 
about operational missions, space sta- 
tion design and training at the Edwards 
AFB Aerospace Pilot School. 

Maj. Jay Currie, school faculty 
member who assisted in the experiment, 
says two crack pilots performed the op- 
erational mission profile “far exceeding 
| the limits” expected. Their performance 
in mission tasks, spacecraft control and 
psychomotor tests were far superior to 
even that expected by school officials. 

The two subjects were Capt. Albert 
R. Crews, who was one of the seven 
Dyna-Soar pilots and is now chief of 
the school’s Manned Orbiting Labora- 
tory (MOL) branch, and Capt. Richard 
E. Lawyer, a former football player for 
the University of California who grad- 
uated first in the space school class this 
year. Both are faculty members at the 
Aerospace Research Pilot School. 

@ Performance—These outstanding 
results were apparent as they emerged 
from the chamber Sept. 1: 

—In a navigation experiment in 
which the Orbiting Astronomical Ob- 
servatory (OAOQ) stabilization and con- 
trol system was used to fix the space- 
craft on certain stars, the pilots manu- 
ally operated the system as well and 
better than the automatic OAO system. 
OAO project engineers at GE said fuel 
conservation was “significantly better.” 

—In controlling the spacecraft 
through complicated maneuvers, the 
men’s performance was so good that it 


by Heather M. David 


was determined that the type of equip- 
ment—such as the stick—is not up to 
the rate the pilots could perform by 50 
to 100%. Currie said this would result 
in redesign of some equipment for the 
school. } 
—The men suffered hardly any 
psychological or physiological effects of 
the two-week confinement or heavy | 
mission schedule. Only physiological 
effect was a slight weight loss. The im- 
provement over previous performances | 
by non-professionals is apparently ex- 
plained by higher skill and motivation. 
—The men’s ability to regulate their | 
time and perform conflicting tasks dur- | 
ing real and “programmed” emergen- | 
cies is setting new ideas about military | 
missions. Many in the steady stream of | 
observers—top brass included—agree 
that a new kind of thinking is necessary 
—that it is time to stop being conserva- | 
tive and send up men with a minimum | 
of equipment and a maximum work- | 
load. f 
®@ GE equipment—The test was con- 
ducted at GE’s manned space station 
simulator (M/R, Nov. 18, p. 31), which 
was modified to resemble the more | 
Spartan environment which could be | 
expected in a military mission. Only | 
one chamber was used, 12% ft. in dia. | 
x 7% ft. high with bunks put in the 
attic-like torpedo tubes. These were || 
soundproofed. { 
Environment was controlled from / 
the exterior of the vacuum chamber | 
in which the cabin was placed. Oxygen 
and nitrogen were used, 50/50 at 7 | 
psi. Carbon dioxide was removed by a |) 
Hamilton Standard molecular sieve. 
The men operated in shirt-sleeves, ex- | 
cept for a four-hour period in which 
space suits were used to evaluate their 
performance. 
Almost $8 million worth of equip- | 
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ITT Gilfillan radar aboard the USS Kearsarge. 


ITT radar searched him out and brought him home. 


Radar developed by an ITT System 


Another version of this ITT light- TACAN, LORAN-C, DME, OMEGA, 


company monitored his penetra- weight GCA radar system for ILS and radio altimeters are 

tion, gavehimasteer,andputhim _ tactical use, such as COIN warfare, among the many military navaids 

on the glide slope. can be transported by helicopter produced by ITT, the world’s 

Now he has to put her on or 2'/2-ton truck, and be set up and largest international supplier of 

the deck. Used on carriers, operating 30 minutes after arrival. electronic and telecommunication 

this extremely lightweight radar ITT Gilfillan is the company that equipment. 

system by ITT Gilfillan can 10 years ago introduced 4-in-1 International Telephone and 

out-perform many larger systems. radar (search, precision approach, Telegraph Corporation. World 
height finder, taxi, allinone system) Headquarters: 320 Park Avenue, 

to the world. New York, New York 10022. 


The U.S. Army, the Navy, the 
Marines and the Air Force, as well 
as a dozen foreign nations, have 
bought and are still buying 

its radar systems. 


THESE ITT COMPANIES ARE ACTIVELY SERVING U. S. DEFENSE AND SPACE PROGRAMS: american 
CABLE & RADIO CORPORATION @ FEDERAL ELECTRIC CORPORATION ® ITT CANNDN ELECTRIC INC. @ ITT DATA AND INFORMATION SYSTEMS 
DIVISION © ITT ELECTRON TUBE DIVISION © ITT FEDERAL LABORATORIES ® ITT GENERAL CONTROLS INC. © ITT GILFILLAN INC. © ITT 
INDUSTRIAL LABDRATORIES DIVISIDN © 17T INDUSTRIAL PRODUCTS DIVISIDN ® ITT INTELCOM INC. @ ITT KELLDGG COMMUNICATIONS 
SYSTEMS © ITT SEMI-CDNDUCTODRS, INC, ® ITT WIRE AND CABLE DIVISION © JENNINGS RADID MANUFACTURING CDRPORATIDN. 


You get the complete PERT system and, 
for the first time, a PERT technique show- 
ing you how to predict and monitor profit 
on a continuing bi-weekly cycle. 


Chapter XI, “Profit PERT and Incentives,” 
brings you the Martin Company case his- 
tory showing how the Titan Ill PERT-profit 
system works: In the words of Secretary 
of Defense Robert McNamara, ‘‘(Titan III) 
is probably the best managed contract we 
have, and it is the best managed almost 
entirely because of the tremendous incen- 


FOR ALL 
LEVELS OF 


MANAGEMENT 


offered for the first time 


$2.75 
by B. J. HANSEN 


(member of the original 
Polaris-PERT Team) 


tive given to that contractor in the form 
of potential profit increases to hold his 
costs down.” 

PRACTICAL PERT tells how and when to 
meet contract obligations, how to keep 
programs on schedule, how to win highest 
incentive fees. PERT, developed for the na- 
tion’s defense programs, can be applied to 
management operations to monitor profit 
as well as cost, time and performance in 
the fields of construction, chemical proc- 
essing, manufacturing . . . and wherever 


complex systems are involved. 


PRACTICAL PERT contents 


| INTRODUCTION TO PERT VIl WHAT IS NETWORKING 
Il THE ABC’S OF PERT VII| REFINING THE NETWORK 
Ill PERT & TIME IX MEASURING MANAGEMENT RISK 
IV HOW PERT PLANS X PERT & COST 
V HOW PERT CONTROLS XI PERT COSTS & COMPUTERS 
VI BUILDING PERT XIl PROFIT PERT & INCENTIVES 
XIII PERT DATA DISPLAY 


AMERICA HOUSE 


1001 Vermont Avenue, N.W., Washington, D.C, 20005 
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Send Me [_] Copies of Practical Pert $275. Handling 
$3.00 
OO Check Enclosed O Bill Me 
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| pressure, electrocardiogram, pulmonary 


ment was tied up tn the complex simu- 
lation, including facilities in separate 
buildings at Valley Forge, and the com- 
puter network that coordinated them. 

This equipment included with the 
OAO system a rendezvous simulator in 
which a TV camera picked up space- 
craft models mounted on tracks. By 
moving the model and the carriage, 
rendezvous and docking could be sim- 
ulated in a realistic fashion. 

One interesting experience for the 
pilots occurred when a model on close 
examination turned out to have 
“CCCP” on the side. GE engineers also 
whittled out a flying saucer complete 
with flashing lights, and Mercury, 
Gemini and Agena spacecraft. 

Three classified military mission 
tasks were performed. Without disclos- 
ing anything about their nature, the ob- 
servers said that the men’s performance 
for the first time will give the Air Force | 
something concrete in justifying the 
need for man in space. 

@ Sleep, work cycle—A four-hour 
sleep, eight-hour work schedule was 
maintained by the men, who were given 
leave to improvise their schedule in any 
way necessary to maintain their mis- | 
sion. Unlike GE’s “terrenauts’” (M/R, 
Nov. 18, p. 31), the men were so en- 
grossed in their mission that no time 
was used for recreation. 

Orbit was postulated as equatorial 
at 90-270 miles, at 38 degrees inclina- 
tion, Close adherence to a supposed 
nine-station communications network 
was kept, with the men unable to com- 
municate for any reason when out of | 
range. 

Medical monitoring was kept to a | 
minimum and was mission-directed, ac- 
cording to GE medical monitor Dr. | 
Stan Gottlieb. Oral temperature, blood | 


function and respiratory rate were 
taken by the men during a one-hour-a- 
day biomed period. Exercise on a zero- 
g exercise machine designed by Dr. 
Richard Lawton and Ted Martin of | 
GE (which closely resembled a pogo- 
stick), was conducted during this time. 
Evaluation tests were also conducted 
to see if confinement, fatigue or the 
gaseous environment affected vision. | 
However, no major results emerged. 
Following the Spartan idea, food | 
provided gave the men only one solid- 
freeze-dried meal a day. The other two || 
were liquid. All were provided by Libby | 
McNeill & Libby. Hygiene involved only |] 
a sponge bath each day. 4 
Air Force participation in the test | 
was directed by Maj. John Prodan, 
chief of simulation at the school. The | 
program was directed at GE by Richard 
Passman, manned space operations 
chief at the Missiles and Space vehicles 
Department, and Carl Cording, project 
engineer. = | 


contracts 


AIR FORCE 


$62,396,400—Thiokol Chemical Corp., Brigham City, Utah, to make stage 
one motors for the Minuteman ICBM. 

$10,000,000—North American Aviation, Inc., Anaheim, Calif., for continued 
work on the Minuteman guidance and control system. 

$6,400,000—American Air Filter Co., Inc., Louisville, Ky., for environmental 
control support equipment for Wing VI Minuteman missiles. 

$5,000,000—Aveo Corp., Stratford, Conn., part of a $26-million contract to 
make re-entry vehicles. 

$3,828,469—Reynolds Metals Co., Richmond, Va., for electronic counter- 
Measures material. 

$1,238,000—TRW/Space Technology Labs, Redondo Beach, Calif., for engi- 
neering support for the Minuteman program. 

$800,000—McDonnell Aircraft Corp., St. Louis, for the ASSET program. 

$428,000—Cook Electric Co., Tech-Center Div., Morton Grove, Ill., for a 
control center programmable patching audio communications system from 
the Eastern Test Range at Cape Kennedy, Fla. 

$325,000—Collins Radio Co., Dallas, for technical assistance in a program 
for investigating airborne transmission of microwave frequencies. 

$263,000—Douglas Aircraft Co., Missile & Space Systems Div., Santa Mon- 
ica, Calif., for repair, calibration, re-certification services of precision 
measurement equipment in support of Agena program. 

$214,200—Trustees of Princeton Univ., Princeton, N.J., for research on 
hypersonic flows. 

$150,000—Gianinni Controls Corp., Astromechanics Research Div., Malvern, 
Pa., for model simulation of full-scale flight vehicles. 

$129,155—Martin Marietta Corp., Denver Div., Denver, Colo., for engineer- 
ing services necessary to perform system integration and in-service 
engineering support to Titan weapon systems. 

$117,000—General Telephone & Electronics Corp., Sylvania Electric Prod- 
ucts, Inc., New York City, for the production of semiconductor devices 
to meet military specifications. 


ARMY 


$14,375,776—Hughes Aircraft Co., Culver City, Calif., for continued research 
and development of the TOW missile system. 

$8,129,344—Olin Mathieson Chemical Corp., Charlestown, Ind., to make 
propellant charges. 

$3,835,000—Radiation, Inc., Melbourne, Fla., to modify communications 
satellite ground terminals. 

$2,999,796—General Precision, Inc., Clifton, N.J., for the manufacture of 
hydraulic actuation systems for the Pershing missile system. 

$2,718,960—MecDonnell Aircraft Corp., St. Louis, for an exploratory devel- 
opment program for missile antitank weapons. 

$2,533,766—Western Electric Co., Burlington, N.C., to modify Nike-Hercules 
missiles, 

$2,360,000—Collins Radio Co., Dallas, to provide an intercom system for 
NASA’s operations and checkout building at Merritt Island, Fla. 

$1,088,787—AT&T Co., Western Electric Co., Inc., for engineering services 
for, and modification and maintenance of equipment in support of the 
Sleigh Ride re-entry test program. 

$650,000—Western Electric Co., New York City, for engineering design, 
modification and servicing of missile ground guidance equipment. 

$340,124—-Sperry Rand Corp., Salt Lake City, for concurrent repair parts 
for Sergeant missile system. 


NAVY 


$1,441,994—RCA, Morristown, N.J., for the continued production of indica- 
tor groups for ASW equipment. 

$1,121,848—American Machine & Foundry Co., Advanced Products Group, 
York, Pa., to manufacture Mark 37 Model O motor inert parts for Asroc. 

$172,500—Lieco Inc., Syosset, N.Y., for 15 radar training devices. 


NASA 


$1,939,000—Greenhut Construction Co., Marshall Space Flight Center, for 
building an extension to a rocket components testing building. 

$228,000—General Dynamics/Convair, San Diego, Calif., for research in a 
mathematical approach for advance prediction of vibration effects caused 
by aerodynamic flow on skin panels of aerospace vehicles. 

$220,690—Lockheed Aircraft Corp., Lockheed Missiles & Space Co., Sunny- 

_ vale, Calif., tor a design study for an orbital tanker. 

$159,286—Excelco Developments, Inc., Silver Creek, N.Y., to continue 

| study and evaluation of fabrication methods necessary for production of 

_ large-diameter solid propellant rockets. 

$149,359—Goodyear Aerospace Corp., Space & Technology Div., Akron, 
Ohio, for study and conceptual design of expandable modules for lunar 
surface operation. 

Kaman Aircraft Corp., Bloomfield, Conn., to design and fabricate a rotary 

wing recovery system wind tunnel model for the investigation of re-entry 

deceleration and recovery of manned space vehicles and aerospace pay- 


loads (amount undisclosed). 
INDUSTRY 


$2,000,000-—Energy Systems Inc., Palo Alto, Calif., from Collins Radio Co., 
Dallas, to build 20 high-power microwave transmitters for the new NASA 
| Unified S-Band Network. 

$500,000—Leach Corp., San Marino, Calif., from North American Aviation, 
Inc., Space & Information Systems Div., Downey, Calif., for instrumen- 
tation data acquisition and storage units. 

5200,000—Haveg Reinhold Inc., Santa Fe Springs, Calif., from Aeroijet- 
General Corp., Sacramento, Calif., for the fabrication of tape-wrapped 
nozzle extensions for the second stage of the Minuteman II ICBM. 
357,105—Aerospace Research, Inc., Boston, from the Massachusetts Institute 
of Technology, Lincoln Laboratory, Cambridge, Mass., for the design 
and development of special-purpose delay line driver amplifiers and post 
delay amplifiers. 

Melpar, Inc., Microwave Physics Corp., Garland, Tex., from RCA Victor 
Co., Ltd., Montreal, Quebec, for a paramp system contract for Canada’s 
Dept. of Transport’s new Earth Station to be installed in Nova Scotia 
for satellite communications use (amount undisclosed). 
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“OE TEST EQUIPMENT NEWS 


MB offers pocket-size 
vibration systems... priced 
for pocket-sized budgets. 


Now you can buy a high quality, dependable 
vibration test system for as little as $1255, includ- 


ing amplifier and shaker. 


The MB Vibramatic system, which uses a 
unique miniature vibration exciter, is produced 
in 3 ranges: a 25 lb. force system priced at $1255; 
a 35 lb. force system at $1450; and a 50 |b. force 
system at $1975. Acceleration rating of all models 


is 100 g; frequency range is over 10,000 cps. 


The Vibramatic System features simplicity of 
design and ease of operation. It is suitable for a 
wide range of industrial applications, including 
fracture testing, component testing and sub- 


assembly testing. 


For information on this unique system, write 
to MB Electronics, A Division of Textron Elec- 
tronics Inc., 781 Whalley Avenue, New Haven, 


Conn. 06508. 


PRICED AS LOW AS $1 255 


F.0.B. NEW HAVEN. CONN. effective May 1, 1964 


" 
| 
| 


MB ELECTRONICS 


VIBRATION TEST EQUIPMENT: INSTRUMENTATION 
MATERIALS TEST EQUIPMENT 
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space power 


No Further SERT-type Tests Needed 


Lewis Center expert reports that success of first flight 
satisfies data needs; $3-billion electrical system seen 


PHILADELPHIA—There will be no 
need for future ion engine space tests 
along the lines of the recent NASA 
SERT tests due to the phenomenal suc- 
cess of the experiment. 

Howard Childs, chief of the Space- 
craft Technology Div. at NASA’s Lewis 
Research Center, presented the details 
in a surprise paper at the Fourth Elec- 
tric Propulsion Conference here on Aug. 
31. 

Childs told the conference that three 
separate thrust checks were run on the 
ion engine during the flight and all 
checked with each other and with pre- 
vious data obtained in vacuum chamber 
runs. The thrust-vs.-time data also 
agreed with calculated results based on 
ground tests—after the necessary cor- 
rections were made. 

In addition, a small probe placed in 
the ion exhaust stream about 7 in. be- 
liind the thrustor showed a beam spread 
similar to that experienced in ground 
tests. Command transmissions were 
made before and during ion engine op- 
eration without any appreciable effect 
on signal quality. This was double- 
checked by clean telemetry information. 

Childs said there is no doubt that 
no beam neutralization problem exists 
in ion engines as currently designed. He 
also told the meeting that more perfect 
data could not possibly be obtained from 
a flight test. 

In general, performance data looked 
exactly like that derived from the nu- 
merous ground tests run in vacuum 
chambers with the NASA engine. 

If there are any future ion engine 
tests, Childs told MISSILES AND ROCKETs, 
the test objectives would be essentially 
different from those in the SERT flight. 

@ $3 billion plus—An electrical pro- 
pulsion system in the megawatt power 
area based on the Rankine cycle ap- 
proach could easily cost more than $3 
billion over a 12-year development and 
test-time period. 

Benjamin Pinkel, associate head 
of the Aero-Astronautics Dept., The 
RAND Corp. detailed this and other 
pertinent aspects drawn from a study 
funded by NASA on the planning and 
funding relative to such electrical pro- 
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pulsion systems. He spoke before a 
classified session at the Third Biennial 
Aerospace Power Systems Conference, 
also held here. 

Pinkel summarized vehicle weights 
and costs for advanced space missions 
using electrical propulsion systems. He 
also covered competing chemical and 
nuclear systems; this included manned 
Mars expeditions, lunar logistic trans- 
port and deep space-probe missions. 

Mission studies, according to Pinkel, 
revealed no economic or performance 
advantage sufficiently compelling to 
warrant the early initiation of a full- 
scale development program based on 
proposed Rankine cycle technology. 

The RAND expert recommended 
that present emphasis be placed on 
exploratory engineering studies relating 
to Rankine, Brayton and thermionic sys- 
tems, coupled with research on new tech- 
nologies in the area. 

Although the actual paper was given 
in a classified session, the published 
abstract hinted at the complex economic 
and technical problems associated with 
development of space power-generation 
approaches. 

® Electrical thrustor progress—The 
Power Systems meeting succeeded the 
Fourth Electric Propulsion Conference 
at the Bellevue Stratford Hotel. The two 
meetings, each an integral part of the 
other, were annual conferences of the 
American Institute of Aeronautics and 
Astronautics (AIAA),. 

Electrical engines have long since 
passed the point of successful ground 
operation in altitude simulation cham- 
bers and are progressing into problem 
areas far in advance of their necessary 
power supply. The recent suborbital 
flight of a pair of thrustors exceeded all 
expectations despite the failure of one 
device to operate. 

The major drawback to electrical 
propulsion devices has always been lack 
of a reliable, long-duration power sup- 
ply. The Electrical Propulsion Confer- 
ence covered a host of highly detailed 
aspects of the various devices. Most of 
these were progress reports on particular 
aspects of the engines. 

A key paper covered the total analy- 
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sis of such systems and their alliec 
power complexes. 

When power conversion, power con: 
ditioning and thrusters are included ir 
electric spacecraft mission analysis, the 
total effective specific mass of the elec: 
trical propulsion system may be muct 
higher than that of the electrical power: 
plant alone. 

The electric powerplant is often as: 
sumed to be by far the heaviest com: 
ponent of such systems, but a methoc} 
of system analysis presented by Williar 
R. Mickelsen of Lewis Research Center 
shows that the propulsion section has <4 
significant effect on payload loss or in: 
creased trip time. 

Mickelsen’s results indicate that ex: 
isting electric thrustors are primarily re 
sponsible for the large specific masse! 
because of an inability to operate wit 
a variable specific impulse, requirement: 
for power conditioning, thrustor masv 
and thrustor inefficiency. 

The Lewis scientist called for in 
creased attention to advanced electri¢ 
powerplants and thrustor concepts. Foi) 
example, he says powerplants with out 
puts matched directly to the thrusto/ 
would eliminate power-conditioning 
losses. Lightweight thrustor systems wit 
efficiencies over 90% and with multi 
step specific impulse operation are alsc 
needed. 

Mickelsen says his analysis show: 
that conventional power-conversion anc 
power-conditioning systems couplec 
with existing electric thrustors woulc 
produce unacceptably great increases ir 
the effective mass of electric propulsior 
systems intended for primary propulsior 
on interplanetary space missions. 

A combination of state-of-the-ar 
power-conversion and power-condition 
ing systems with existing electric thrust: 
ors would result in a propulsion system 
specific mass two or three times as grea 
as the specific mass of the powerplan 
alone. 

Mickelsen says power conversiot! 
and conditioning systems should bs 
much more efficient and lightweight 0} 
replaced entirely by advanced concepts 
If these cannot be realized, then direc 
coupling is desirable. 
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beyond apollo— 
the U.S. space program 


bonus circulation 


publication date—nov. 30, 1964 


» 


Gith 


annual « 
NASA ': 
issue 


november 30, 1964 


MISSILES AND ROCKETS, the weekly of Space Systems 
Engineering, will publish its fourth annual NASA Issue on 
November 30, 1964. 


This annual issue, now accepted as the authoritative publication on the 
nation’s space agency, will examine future procurement plans of the National 
Aeronautics and Space Administration and three organizations allied with it 
in exploring the peaceful uses of space, Communication Satellite Corporation, 
Atomic Energy Commission and the U.S. Weather Bureau. 

With major procurement for the Apollo manned lunar landing program now 
behind it, NASA is deep in the planning for new projects to expand man’s 
knowledge of space, including such post-Apollo missions as the Lunar Logistic 
Supply System, Manned Orbital Research Laboratory, Extended Apollo, Project 
Voyager and Manned and Unmanned Planetary Probes. ComSat Corp., AEC 
and the Weather Bureau are drawing up plans for their growing participation 
in the peaceful use of space. | 


This issue of MISSILES AND ROCKETS provides the recognized and au- 
thoritative route to reach the men who will be making the research, design, 
engineering and procurement decisions in these new multi-billion dollar 
programs. 


By request, the fourth annual NASA issue of MISSILES AND 
ROCKETS will provide 5,000 bonus circulation to the decision- 
makers in NASA, AEC, ComSat Corp. and the Weather Bureau. 


This means more impact, more readership for your advertising 
dollars in MISSILES AND ROCKETS. 
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The Industry Week= 


Mergers and Acquisitions 


International Telephone and Telegraph Corp. 
has entered a preliminary agreement to acquire 
the business and assets of Barton Instrument 
Corp. of Monterey Park, Calif., for $11 million in 
ITT common stock. Exchange rate will be 0.2922 
share of ITT for each share of Barton. Barton 
makes flow and level measuring instruments... . 
Raytheon Co. has purchased the computer divi- 
sion of Packard Bell Electronics Corp. for an un- 
disclosed amount of cash. Raytheon plans to 
strengthen the division’s product engineering to 
expand its capabilities in military electronics sys- 
tems and scientific and commercial electronics. 
... The Curtiss-Wright Corp. is bidding for con- 
trol of Lynch Corp., a firm engaged in manu- 
facturing phonograph equipment and packaging 
equipment. Lynch stockholders will vote on the 
proposition Sept. 18.... Avco Corp., New York 
City, is seeking to absorb Delta Acceptance Corp., 
Ltd., a London, Ontario, firm engaged in the 
dealer and consumer loan business. . . . Genisco 
Technology Corp., Compton, Calif., has acquired 
Products of Technical Dynamics in Santa Bar- 
bara as part of its recent purchase of Jamieson 
Industries, Inc., (M/R, Aug. 8, p. 85). Technical 
Dynamics will be operated as a division of 
Genisco and will be used to establish that firm in 
the field of underwater technology. About 80% of 
Technical Dynamics’ sales volume has been com- 
posed of active and passive sonar components, 
sonar transducers or hydrophones and other 
fully assembled underwater acoustical devices for 
propagation and receiving of sound signals. 


Radiation Inc. Gets Credit Fund 


Radiation Incorporated of Melbourne, Fla., has 
obtained a $10-million revolving credit fund over 
a three-year period to help finance continued 
growth. Banks involved in the credit agreement 
are First National, Orlando, Fla.; Wells Fargo, 
San Francisco; Atlantic National, Jacksonville, 
Fla.; and the Philadelphia National. The firm 
produces telecommunications, data handling and 
control systems for industral and aerospace use. 


Missile/Space Facilities 


Space-General Corp., a subsidiary of Aerojet- 
General Corp., plans to add to its E] Monte, Calif., 
facilities a two-story building to house engineer- 
ing, office and manufacturing activities. Comple- 
tion of the 66,000-sq.-ft. building is expected in 
March, 1965. Design and construction is being 
handled by Aetron, a division of Aerojet-General. 
... Dynaelectron Corp. and its subsidiary, Air 
Carrier Service Corp., have relocated their head- 
quarters in a newly constructed building in 
Washington, D.C. Dynaelectron, which moved 
from Chicago to Washingtin in 1959, is active in 
missile and aircraft maintenance, missile range 
operation and data reduction. . . . Union Carbide 
Corp. has opened a new facility in Mountain 
View, Calif., to manufacture semiconductors and 
integrated circuits and has begun producing n- 
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and p-channel field-effect transistors. ... Edler 
Industries, South Gate, Calif., a missile compo- 
nent fabricator, expects to occupy a new 75,000- 
sq.-ft. plant in Newport Beach, Calif., in late Oc- 
tober. The facility has been engineered and de- 
signed as a special-purpose plant for metal and 
phenolic fabrication. . . . Houston Instrument 
Corp., Houston, has moved its Auto Data Div. to 
San Diego, Calif. Transferred to the California 
operation will be all marketing, manufacturing 
and engineering activities of Houston Instru- 
ment’s digital voltmeter line. 


International 


Hughes Aircraft Co. and Nippon Electric Co. 
of Tokyo have agreed to conduct joint research 
and development work on communications satel- 
lite equipment. Hughes will work on satellite 
hardware while Nippon Electric will study ground 
communications facilities. ... The Norden Div. 
of United Aircraft Corp., Norwalk, Conn., and 
Vactric Control Equipment, Ltd., Surrey, Eng- 
land, have exchanged letters of intent through 
which Vactrie will acquire exclusive sales rights 
for Norden’s line of analog-to-digital converters 
in the United Kingdom, and non-excusive rights 
to the line in the rest of the world, with the ex- 
ception of France, Canada and the United States. 


New Activities 


Products for Research has been formed in 
West Acton, Mass., to provide thermoelectric and 
refrigeration devices for research and industry 
and has purchased the right to the temperature 
controlled refrigerated chamber for photomulti- 
plier tube operation from Technical Operations 
Research of Burlington, Mass. ... Industrial 
Science & Arts, Inc., has been formed in Cam- 
bridge, Mass., to perform chemical milling, photo- 
etching and related processes for industry. 


Tektronix Gets WEMA Medal 


Tektronix, Inc., Beaverton, Ore., has received 
the 1964 Western Electronics Manufacturers 
Assn. Medal of Achievement for “notable achieve- 
ments in electronics, and distinguished service to 
country and community.” Tekronix president 
Howard Vollum, the developer of the cathode-ray 
oscilloscope, accepted the award for the firm. 


Company Representatives 


International Rectifier Corp., El Segundo, 
Calif., has appointed Gulf Semiconductor its in- 
dustrial distributor for the Coral Gables, Fla., 
area. International makes low, medium and high 
power diodes and rectifiers, zener diodes, con- 
trolled rectifiers, solar cells, and both silicon and 
selenium photocells. ... Aerospace Avionics, Inc., 
Farmingdale, N.Y., has named Orbit Electronic 
Sales Co. its exclusive sales representative for 
its line of test equipment, instruments and 
ground support equipment systems in Missouri, 
southern Illinois, Kansas and Oklahoma. 
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Los ANGELES—Twenty-five Block 
Il Apollo guidance and navigation com- 
puters are scheduled for use in Com- 
mand Modules, and a similar number 
are slated for the Lunar Excursion 
Module. First Block HT machines will 
be delivered in mid-1965 (M/R, March 
16, p. 28). 

In the meantime, technological ad- 
vances enabling the use of the more 
capable Block II machine have removed 
some of the limitations foreseen earlier 
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First of Some 50 Block II Apollo 
G&N Computers Is Due by Mid-1965 


Dividend from development is elimination of some shortcomings 
of Block | G&C; interface principles increase system reliability 


by Rex Pay 


for the Block I Apollo guidance and 
control system. Previously the stabiliza- 
tion system was in series with the guid- 
ance and navigation system. Malfunc- 
tion of the control system would 
therefore render the G&N system help- 
less. 

In the Block II arrangement, the 
G&N system and the control system 
represent parallel paths to the attitude 
jets and engine gimbal drivers. The 
G&N (or more properly GN&C) sys- 
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tem now serves as the primary system 
The control system serves as a backup 

These changes were described by 
Dr. Robert C. Duncan, Chief, Guidance 
and Control Division, NASA Manne¢ 
Spacecraft Ccnter, at a session of 
Apollo electronics during the recen| 
WESCON meeting. 

He pointed out that one advantag 
of the new arrangement was that the 
redundant systems are separate. 

® Notable computer—Control func 
tions in the G&N system are obtainec 
by a direct interface between the com 
puter and the control-jet solenoid driv 
ers. The computer, through program 
ming, can now provide optimum contro 
of the jets. This was previously carrie¢ 
out solely by control system electronics 
In addition, the computer now derive: 
rates, properly sums the rates with atti 
tude error, and transmits steering sig 
nals directly to the engine gimbal drive 

“In general,” said Duncan, “the 
Block II Apollo Guidance Computer i: 
a very powerful, lightweight, smal 
computer with the largest memory o 
any airborne computer in history.” 

Block IT AGC is a binary, 15-bit 
single-address, parallel ‘“general-pur 
pose” computer. The logic element i 
a three-input, modified DCTL, NOF 
gate. A change has been made from i] 
silicon-diffused integrated circuit to al 
epitaxial grown circuit. 

TO-47 cans are no longer used, anc 
two NOR gates sharing power ant 


ground leads will be encapsulated in 
one flat package. Use of the flat packs 
saves 20 Ibs. in weight and improves 
reliability. Lead breakage and pack 
leakage problems associated with these 
packs will be avoided by instituting spe- 
cial handling and screening techniques. 

Because of the use of epitaxial cir- 
cuits, the power requirement will be 
reduced from 90 to 75 watts. This also 
alleviates thermal problems caused by 
greater component density in the new 
modules. Packaging consists of welded, 
potted modules and wire-wrap intercon- 
nection. 

Three types of memory are present. 
Largest part is 24,000 words of fixed- 
wire, core-rope memory. Second type 
is 2,048 words of erasable, coincident- 
current ferrite cores. Some 20 solid-state 
arithmetic, control, and input-output 
registers represent the third type. 

@ More reliability—Application of 
certain interface principles has im- 
proved reliability, said Duncan. These 
principles include electrical isolation 
from other subsystems, asynchronism, 
compatability, absence of analog trans- 
missions in magnitude form, and output 
feedback. 

Ability to accept inputs asynchron- 
ously to the computer timing systems 
has made possible design with minimum 
reference to external circuits. 

Compatibility enables the computer 
to check its own interface by having 
outputs drive the inputs. Output feed- 
back affords a means of fault detection 
and correction. 


APOLLO BLOCK I] guidance, navi- 
gation and control system has in- 
creased reliability through use of 
redundant paths, made possible by 
improved computer. 
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The functional capabilities are ex- 
panded in the new computer. The in- 
struction set has been expanded from 
11 to 31, including some double-pre- 
cision operations. In addition, the mul- 
tiply instruction execution time has 
been reduced from eight to three mem- 
ory cycle times and the division time 
from 16 to six. These modifications plus 
several other useful instructions have 
served to double the computer speed. 

To accommodate the expanded 
discrete output requirements of the 
Block II system, additional output regis- 
ters and a new scheme of indirect 
addressing are added. The Block II 
counters controlling commands to vari- 
ous appliances have been increased in 
number and rearranged in order to 
provide a substantial increase in input- 
output capability by allowing simul- 
taneous control of all coupling data 
units. One of the additional output 
counters is designed to allow communi- 
cation between the Command Module 
and Lunar Excursion Module com- 
puters. 

The Block II computer envelope 
has been modified to improve thermal 
control and to give better moisture seal- 
ing of the connectors. 

® Spacecraft sealing—Problems of 
moisture sealing in the Apollo space- 
craft were highlighted at the same 
session by Dr. Joseph F. Shea, Manager, 
Apollo Spacecraft Program Office, 
NASA-MSC. 

Although the specified atmosphere 
(70-80°F and 40-70% R.H.) sounds 
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benign, isolated spots on the cabin wall 
can be below the dew point. Also, spill- 
age of fluids by the crew is considered 
quite likely. 

Gordon Cooper’s 34-hour flight 
showed that such fluids, in zero-g, are 
attracted by potential fields around 
electronic systems. Once deposited on 
a surface, the fluids seem to penetrate 
minute openings more easily than in 
ground tests, because surface tension 
and capillary forces no longer have to 
compete with gravity. The pure oxygen 
environment also speeds corrosion. 

Command Module qualification test 
for moisture now calls for 50 hours 
operation in a 1% salt fog and 240 
hours at 95% relative humidity oxygen 
cycled between 3 and 7 psi. 

Speaking of reliability in the Apollo 
electronics, Shea said “perhaps the most 
significant philosophical aspect of our 
approach is that we do not believe in 
random failures. In the limit, every fail- 
ure has an identifiable cause which can 
be corrected.” 

He said that by focusing on the in- 
dividual flight article. NASA expected 
systems to show a “probability of suc- 
cess” significantly greater than that 
predicted by conventional reliability 
statistics. 

Shea said that in-flight maintenance 
ideas had been abandoned, because “‘sys- 
tems designed for in-flight maintenance 
will justify that decision by inherently 
requiring more maintenance.” Present 
approach is to use redundancy to com- 
pensate for failure. a 
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SPACE ELECTROWES 


Millimeter Systems Seek a Program 


Interest in new components grows with available power; 
early application may be found in reconnaissance radar 


Los ANGELES—The continuing rapid 
advance in development of millimeter- 
wavelength power-generation devices— 
a major obstacle to application of milli- 
meter electronics in a number of pro- 
posed space and defense roles—is now 
spurring new attention to the second- 
step technical developments required 
for working systems. 

It is also leading to an intensive sift- 
ing process to sort the realistic applica- 
tions for these systems from all those 
which have been proposed. 

A relatively small group of electron- 
ics firms has pushed this technology hard 
for several years, but during the past 
year progress has accelerated and the 
circle of supporters has noticeably en- 
larged (M/R, Nov. 11, p. 35). 

Growing interest in millimeters was 
much in evidence at the recently con- 
cluded WESCON meeting here (M/R, 
Aug. 31, p. 14), where lasers were “out- 
authored” by millimeter presentations 
six to four. 

If hardware can be matched to the 
inherent capabilities of millimeter op- 
eration, the range of application is very 
large. 

Millimeter systems operate at the 
very-short-wavelength end of the elec- 
tromagnetic spectrum, generally classed 
between 30 and 300 ge or, expressed in 
millimeters, roughly between 10 and 1 
mm. It is the very-short-wavelength char- 
acteristics which have made this tech- 
nology so appealing to a number of firms 
and government agencies, although the 
technology itself has been virtually over- 
whelmed in terms of funding and pub- 
licity by the potential of the neighboring 
optical frequencies. 

Proponents of Mm systems argue 
that development basically involves an 
extension of conventional microwave 
technology to open up a new area of 
the spectrum, rather than creation of a 
whole new technology in the optical 
portion. 

Lasers, and lack of good Mm sources, 
have not been the only problems, how- 
ever. In fact, the awareness that lasers 
may have some insurmountable prob- 
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lems for certain proposed radar and 
communications applications is one of 
the reasons why millimeters are getting 
another hard look. 

One problem, a scientist points out, 
is that whatever funding has been made 
in the Mm region has largely been aimed 
at state-of-the-art areas, rather than hav- 
ing firm systems specifications imposed 
on designers in order to deal with prac- 
tical hardware problems. 

© Clear role needed—Whatever the 
problems and potential, the introduction 
of Mm systems into U.S. defense and 
space programs on a major scale still 
awaits the emergence of a critical and 
clear-cut mission which these systems 
can perform and that microwave and 
optical systems cannot. 

More than one expert believes that 
such a critical area will emerge, at first 
probably in very-high-resolution air- 
borne (or possibly spaceborne) recon- 
naissance radar. 

These experts say use of the shorter 
wavelengths would provide a number 
of advantages for such radars including 
very narrow beamwidth with associated 
high angular resolution and efficient 
high-gain utilization of even small an- 
tenna apertures; good Doppler sensi- 
tivity and range resolution; and good 
side lobe control. While effect of atmos- 
pheric attenuation and scattering on Mm 
waves is still not completely understood, 
the wavelengths have shown certain all- 
weather penetrability which would en- 
able them to function over cloud- or 
fog-covered terrain where laser systems 
probably could not. 

Widespread work is in progress on 
the development and use of synthetic- 
aperture-type reconnaissance and map- 
ping radars, many of which are of the 
so-called side-looking variety, and ad- 
vocates of Mm systems see the combina- 
tion of the two as a strong possibility. 

Very narrow beams would allow 
considerable data collection even with 
very small-aperture radar, one expert 
told M/R, and the use of the short wave- 
lengths could also enable getting radar 
photos in time spans which would not 


permit use of the longer wave micro- 
wave systems. One scientist estimates 
that use of radars operating in the 3mm 
(94gc) region, where considerable de- 
velopment effort is directed, could yield 
photos with 10 times the resolution of 
X-band systems. 

Mm systems could also ease the 
growing data processing requirements of 
reconnaissance radars, M/R was told, 
primarily because the inherent high res- 
olution of Mm waves would allow use 
of basically unfocused radar systems, in 
which the data-processing requirement 
is reportedly simpler in comparison to 
the focused systems operating with 
longer wavelength radars. 

Use in flight systems will depend to 
a large extent on secondary power- 
source considerations—such as the abil- 
ity to build highly stable transmitters 
and devices with relatively long operat- 
ing lifetimes and high reliability. Some 
Mm tubes have already been developed 
which show 6,000-hr lifetimes. 

Many of the advantages of the re- 
connaissance radar are also attached to 
longer-range active radars, which advo- 
cates say could be an effective space- 
craft-profiling instrument. 

The Mm systems role in radio as- 
tronomy as a sensitive passive device 
is well established and has been going 
on for several years. At WESCON, 
Frank J. Low of the National Radio 
Astronomy Observatory reported on the 
major sensitivity gains made using low- 
temperature germanium bolometers with 
a 5-ft.-dia. radio telescope using the 1.2- 
mm window. 

Low said that the techniques can be 
expanded to longer (4- and 8-mm) wave- 
lengths, with some possible decrease in 
sensitivity, though he said the addition 
of a low-noise traveling wave-tube to 
the bolometer would add to perform- 
ance. He also noted that use of new 
beam-spoilers to help cancel sky back- 
ground emission has worked well and 
appears to offer another order-of-magni- 
tude increase in sensitivity over current 
levels. 

NASA’s Goddard Space Flight Cen- 
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This is the world’s most advanced VHF / UHF receiver. 
In the recent NASA/JPL Ranger 7 moon probe it partic- 
ipated in such important commands as mid-course cor- 
rection and antenna changeover. These receivers are 
in use at all deep space instrumentation facilities at 
Goldstone, California, Cape Kennedy, Florida, Johan- 
nesburg, South Africa, and Woomera, Australia. They 
are special modifications of the Nems-Clarke solid state 
type 10387A...by Vitro Electronics. Write for information. 
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ter has been involved in a sub-millimeter 
radiometer project for a number of years 
and is now believed to be looking at a 
satelliteemounted device for space ob- 
servation. 

In the area of passive military sur- 
veillance sensors, there are at least a 
dozen proposed applications. 

Scientists from Aerospace Corp., ad- 
dressing a WESCON audience, reported 
on work with the 15-ft. steerable an- 
tenna which has been operating as a 
radiometer at 3.2 mm since December 
at the El Segundo site. Results to date 
in some instances show attenuation to 
bc less than anticipated. 

@ Communications—Two way space- 
ground communications ranks as the 
second most likely area for Mm system 
deployment, according to some scien- 
tists here. However, considerable effort 
will be required in improvement in low- 
noise receivers, phase-lock loops, and 
transmitter stability before such systems 
are feasible. 

While atmospheric absorption in- 
creases with frequency, there are a num- 
ber of “windows” through which, many 
scientists believe, millimeters can propa- 
gate (at 8, 3.2, 2.2 and 1.2 mm) well 
cnough to take advantage of the high 
gain and large bandwidth available. 
Many studies are under way in industry 
and government to better define these 
windows and the losses associated with 
cach. Much of the future Aerospace 
Corp. efforts with its 15-ft. dish, built 
by the Rohr Corp., will be aimed at 
this, operating mostly in the 94 gc area. 

Aerospace Corp. scientists say that 
“a reasonable near-future application” 
for a 3mm system would be a space- 
to-ground command link, using the 15- 
ft. antenna on the ground and about a 
4-in.-dia. dish with an estimated 36.4- 
db gain aboard a satellite at synchron- 
ous altitude. A one-watt transmitter on 
the satellite would provide a good S/N 
margin, say the scientists, and provide 
about a i-ke bandwidth. Beamwidth 
from synchronous altitude would de- 
scribe about a 1,000-mile diameter on 
Earth. 

@ ATS possibility—An_intcresting 
sidelight to this suggestion is that just 
such a link with a synchronous-altitude 
satellite is a possibility for NASA’s 
multiple-mission Advanced Technology 
Satellite (ATS) series. When initial plan- 
ning for ATS was under way, it is be- 
lieved that DOD suggested that a feasi- 
bility demonstration for a millimeter 
system, probably in the 94 gc region, 
be included as an experiment. No action 
has been taken along these lines to date, 
and the first of the five satellite series 
to be launched into a medium-altitude 
(6,000-mi.) orbit in late 1966 already 
has a full experiment load. 

There is however, room for about 
4-5 more experiments on the last four 
flights in the serics, which will begin 
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about six months after the first shot 
and continue on a six-month launch 
schedule, All of these last four flights 
will be lofted to synchronous altitudes, 
the first two being spin-stabilized and 
the last two employing both initial spin 
stabilization and then gravity-gradient 
techniques. The first medium-altitude 
shot will also use gravity-gradient. 


In an attempt to provide useful ex-: 


periments for the available space, NASA 
is cxpected to generate a rather general 
ATS RFP this weck or next which may 
well turn up the type of millimeter ex- 
periment initially sought. 

@ Receiver need—Probably the most 
critical communications need is for 
better low-noise receivers. There is con- 
siderable hope for new parametric am- 
plifiers which some scientists say should 
bring a 10-db noise figure with it, down 
from current 20-30-db levels with con- 
ventional mixers and crystal detectors. 

A scientist from TRG, Inc., ad- 
dressing the WESCON meeting, said 
his firm hoped to have a 10-db paramp 
operating at 94 gc available in about 
one year. Receiver needs are also focus- 
ing attention on making bettcr use of 
commercially available diodes as well as 
developing special-purpose diodes. New 
waveguide forms are also getting in- 
creased R&D as scientists view new 
power-handling and breakdown prob- 
lems associated with higher-power tubes. 

@ Other jobs—Anothcr communica- 
tions role which could accrue to milli- 
meters is that of secure space-to-space 
radar and communications transmission, 
In this case, the system might operate 
at 5 mm, taking advantage of the at- 
mospheric opaqueness in this region in 
order to insure against electronic eaves- 
dropping from Earth on stray radia- 
tions, and also to cut clutter from 
Earth interference. 

The short wavelengths also have an 
advertised capability to penetrate high 
ion densities or plasmas better than 
some other techniques and therefore 
are also suggested as a means to pro- 
vide discrimination radar able to pierce 
the nuclear cloud of an ABM burst or 
the plasmas associated with spacecraft 
re-entry into the atmosphere. 

In both cases, however, some scien- 
tists believe that millimeters might not 
prove to be the best, or simplest, way to 
get through or around these problems. 
For one, the short wavelengths are also 
likely to be sensitive to the turbulence 
that would also surround a nuclear 
burst. New studies and tests are ex- 
pected to help define just how sensitive 
they are. 

D. C. Forster of the Hughes Re- 
search Laboratories provided the WES- 
CON audience with a detailed review 
of the currently available Mm sources. 
He also noted that increasing numbers 
of relatively incxpensive klystrons of 
Japanese manufacture have entered the 
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U.S. market and that a sizeable effort 
in the high-power tubes was going on 
outside the U.S., particularly in France. 

Forster reported that available 
power levels between 30 and 100 ge 
have increased by three orders of magni- 
tude since 1960, and that source effi-” 
ciencies are now competitive wit 
microwave devices. While the tech- 
nology to 100 gc is now fairly well in 
hand, Forster urged more new effort at 
higher frequencies to open up systems 
possibilities through perhaps 300 gc. 

One-kilowatt cw sources are now 
available at 35 and 55 gc, he reported, 
with efficiencies up to 35%. Thesc 
levels, being achieved using “reasonable 
voltages,” have operating lifetimes of} 
several thousand hours. Forster also 
cited gains in economical manufacture 
and new techniques for making light- 
weight sources for aerospace use. 

Forster divides his survey into cw 
and pulse sources and further divides 
the cw into low and high categories, 
making the division at 1 watt cw. Some 
of his source assessments follow: 

—All of the commercially available | 
low-power cw sources are either back- 
ward-wave oscillators (BWO) or klys- 
trons. Four companies market BWO)} 
lines, the most complete being the TWO 
series of Bendix which rangcs from 40) 
to 140 gc. Sperry has developed a simi- 
lar line to about 90 gc. Siemens-Halske 
markcts a series of devices from 26.5 to 
90 gc. CSF of France dominates the’ 
very high frequency range above about 
140 ge with a series of milliwatt output 
devices approaching 500 ge and one} 
oscillator which operates at 708 gc. 

—Many firms market extensive re-~ 
flex klystron lines operating to 170 gc. } 
Most extensive coverage is by Varian, 
which lists tubes delivering in excess of 
100 milliwatts to 140 gc and 50 mw to 
170 gc. Oki Electric of Japan has reflex | 
klystrons between 30-100 gc. Amperex j| 
(Philips) has devices at 8, 4, 3.2 and jj) 
2.5mm, and Raytheon markets an ex- || 
tensive line with coverage to 120 gc inj} 
its QKK series. Litton Industries also || 
markets several relatively high powered 
reflex klystrons in the 35, 50, and 70 gc }} 
ranges. 

—High-powered cw tubes are dc- }| 
scribed as either oscillators or amplifiers. 
Hughes lists BWO’s delivering 15, 8, and }} 
2 watts at 5.5, 3.2, and 2mm respec- || 
tively. Litton markets the Elliott line of |] 
floating drift tube klystrons which oper- | | 
ate in the 35-50 gc range, delivering 50 | 
watts at 35 gc. Oki has two devices | 
which deliver 10 and 2 watts. CSF has | 
a device with 8 watts at 70 gc. Watkins- 
Johnson lists a 750-watt unit at 35 gc. 

—Among the amplifiers, Hughes has 
three traveling-wave-tube units that de- || 
liver 150 and 1,200 watts at 5.5 mm_ 
and 150 watts at 3.2 mm. Watkins- / 
Johnson lists a 1-kw 35-gc device. 
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= PRODUCTION TECHNIQUES AT ROHR 


| Modern machines in experienced hands 


| Advanced production techniques at Rohr are solving serious 
i) manufacturing problems for customers every day ... techniques 
developed through a thoughtful, thorough blending of skilled 
) Rohr metals craftsmen and modern automated machines. Rohr 
study and skill in the art of metal working have been widely 
known for years. During the past decade these experiences 
Wi have been used as a base for building a battery of heavy, 
] automatic machines that today turn out major aerospace com- 
! ponents and structures better and faster at lower cost. Vital 
to the many manufacturing successes here have been advanced 
numerical control techniques applied to lofting, tooling and 
fabrication operations . .. and advanced manufacturing equip- 
| ment and the newest processes such as numerically controlled 
| six-spindle drill presses, milling and filament winding machines 
I. ... high-speed drivmatic riveting, automatic spot welding, elec- 
| tron beam welding and high energy forming. Perhaps our 
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advanced manufacturing men and machines can help solve 
production problems you may have. We’d appreciate the chance. 
Contact our Marketing Manager, Dept.78, Rohr Corporation, 
Chula Vista, California. 
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New Product of the Week: 
Portable Leak Detector 


A portable leak 
detector for use in 
high and ultra-high 
vacuum systems has 
been developed by 
General Electric 
Co.’s Vacuum Prod- 
ucts Operation. The 
battery-operated 
Audible Leak Detec- 
tor can be clipped 
to the operator’s 
belt and enables one 
man to check for 
leaks on the largest 
vacuum systems, the 
firm says. 

The unit can be 
plugged into the re- 
corder output of 
any pressure measuring device or ion 
pump control with an output between 
0.1 and lv. Detection does not require 
interruption of system operation. 

The device operates by amplifying 
the difference between the pressure re- 
sponse of a probe gas sprayed over the 
leak and the characteristic pressure re- 
sponse of air. Difference is indicated to 
the operator by a change in audible 
tone transmitted through earphones. 
When used with the proper pressure 


Miniature Accelerometers 


The Series 116 accelerometers with 
weights ranging from 1.3 to 2.8 grams 
is available from Wilcoxon Research. 
The units have sensitivities from 3 to 
100 mv/g, depending on desired fre- 
quency response. They are available 
with integral studs, cement-on types and 
triaxial units. 
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Differential Amplifier 


General Instrument Corp.’s Semi- 
conductor Products Group has available 
a microelectronic differential amplifier 
with a dc stability typically 5 mv/de- 
gree C and a common-mode rejection 
ratio typically 100 db. 

The PC-201 employs seven silicon 
transistors, six multiple resistors and 
one capacitor. All are mounted on a 
ceramic substrate measuring approxi- 
mately 0.57 x 0.325 in. The device has 
a single-ended open loop gain typically 
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gage under ultra-high vacuum condi- 
tions, leaks as small as 10™™ torr liters/ 
second may be detected. 

Different probe gases such as helium, 
argon or oxygen may be used with the 
detector, depending on the vacuum sys- 
tem being examined. In operation, the 
tone frequency is set at the low end of 
the detector’s audio scale, which ranges 
from 100 to 2,000 cycles. A change of 
100 cycles is immediately noticeable. 

Circle No. 151 on Subscriber Service Card 


73 db and a differential input of 200 
kilohms. Operating temperature range 
is —55° to 125°C. Maximum electrical 
ratings include: power supply voltage, 
+Voe, 25v; negative supply voltage, 
—Vrr, 25v; reference supply voltage, 
25v; input voltage, 8v. 
Circle No. 153 on Subscriber Service Card 


UHF Motor-Generator Sets 


A new line of Hertner UHF motor- 
generator sets has been introduced by 
Kearfott Div. of General Precision, Inc. 
The new generators are built in a single- 
unit, two-bearing package, in both ver- 
tical and horizontal models. 

They produce single-phase and 
three-phase high-frequency output— 
2,000 to 19,000 cycles or higher—at 
ratings from 0.25 to 30 kva. Between 
one and four frequencies may be ob- 
tained from one generator. 

Each 3,600-rpm. generating unit 
consists of an induction drive motor 
and high-frequency generator, con- 


structed on a common shaft within an 
integral welded steel housing. The 
motor is designed for three-phase, two- 
pole, 60-cycle, 208-240 or 440-480v 
operation. The generator is a separately 
excited, multiple-pole unit, containing 
from one to four rotor stacks. 
Circle No. 154 on Subscriber Service Card 


Response Analyzer 


Weston Instruments, Inc., is market- 
ing the Model DA410 frequency re- 
sponse analyzer with response measure- 
ments from 0.0001 to 1,000 cps. 

The unit provides direct digital 
readout of phase and amplitude. Auto- 
matic test methods result in 40 db of 
noise rejection. The solid-state unit 
weighs 38 lbs. and measures 7 x 17 x 16 
in. 

Circle No. 155 on Subscriber Service Card 


Telemetry Transmitter 


Sonex, Inc., is marketing a solid- 
state telemetry transmitter featuring FM 
10-watt output and a frequency stability 
exceeding +0.005%. 

The TEX-—3910 transmitter has a 
frequency range of 215 to 260 mc. 
Power output is 10 watts nominal and 
input is 28v at approximately 1 amp. 
The unit has an operating temperature 
range of —20° to 85°C and is also avail- 
able in a range from —55° to 110°C. 

Circle No. 156 on Subscriber Service Cord 


Crystal Oscillator 


A plug-in, packaged crystal oscil- 
lator for space, airborne or ground ap- 
plication has been developed by Elec- 
tronics Div. of Bulova Watch Co. 

The PCO2HP unit has a rated stabil- 
ity of +5pp 10° per 24 hours at 1 me. 
The oscillator unit is enclosed in a pro- 
portional control oven and includes a 
quartz crystal in a glass bulb for mini- 
mum aging rate, a Zener regulator and 
silicon semiconductors. Minimum oper- 
ating life is 10,000 hours. 

Specifications include an output of 
lv peak-to-peak into a 4.7 k ohm load; 
oscillator power of 28v dc at 25 mc, and 
oven power of 28v dc at 6 watts at 25°C, 
The unit meets MIL-E-5400, -4970 
and —5272 requirements. 

Circle No. 157 on Subscriber Service Card 


Component Testers 


The Scannex series of electro- | 
mechanical switching-solid-state contro 
systems for programmed componen’ 
testing and other applications is an 
nounced by James Cunningham, Sor 
& Co., Inc. The systems offer a choice 
of four basic scanners ranging it 
capacity from 100 to 10,000 points. 

Features of the Scannex include 
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: 


BCD readout, providing position infor- 
mation for peripheral equipment using 
standard 1-2-4-8 weighting; internal 
clock ranging in pulse rates from 0.5 
to 60 channels per second, and remote 
random-access operation mode and 
switching circuit protection. The slide- 
jut crossbar switch has an operating 
life of at least 20 million operations. 
Circle No. 158 on Subscriber Service Card 


Digital Voltmeter 


Measurement and display of electri- 
-al or physical data as a statistical plot 
is possible with the Model SV4 statistical 
Jigital voltmeter being marketed by 
Non-Linear Systems, Inc. 

The SV4 is designed for automatic 
measurement and statistical classifica- 


‘ion of data in mass production, quality 
sontrol or engineering and scientific 
application. It can statistically plot 
electrical measurement directly or plot 
physical quantities such as temperature, 
thickness, length, weight, stress, pH and 
speed. 

Voltage range of the unit is from 
| mv to 1,000v with an accuracy of 
+0.1%. Reading rate is 3 per second 
and vertical scale is adjustable to 20, 
50 or 100 signals within a class for full 
scale indication. 

Circle No. 159 on Subscriber Service Card 


Desoldering Iron 


A pencil style desoldering-resolder- 
ing iron for work on miniature compo- 
nents on printed circuit boards has been 
announced by Enterprise Development 
Corp. 

The Model 300 is a complete tool 
that permits one-hand operation. It is 
8 in. long and weighs 3.5 oz. The unit 
is rated 40 watts at 115v and delivers 
a 720° tip temperature. Tips are avail- 
able in five sizes, 0.08 in. being standard. 

Circle No. 160 on Subscriber Service Cord 


Temperature Chamber 


_ A new Mini-tray chamber has 
highly controllable high- and low- 
temperature facilities for life and aging 
tests of components such as diodes, 
transistors, resistors and chokes in 
small quantities. It has been developed 
by Associated Testing Laboratories, Inc. 
The chamber measures 8” high x 
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10” wide x 11” deep, and is fitted with 
a single component tray. It can ener- 
gize and take measurements on as many 
as 50 components during testing in 
the temperature range of —100°F to 
350°F with control accuracies to 
+#2°F or 44°F. Forced warm air cir- 
culation through the tray door exterior 
panel prevents moisture build-up on 
the connector wires while testing at 
low temperatures. 
Circle No. 161 on Subscriber Service Cord 


Test System Series 


Tektronix, Inc., has developed the 
X-3000 series of systems, designed to 
make switching time measurements on 
integrated microcircuit logic modules, 
transistors and related packages. 

System configurations center around 
the Type 567/6R1A digital readout 
oscilloscope, which provides display of 
the parameter being measured and 
analog /digital conversion of the reading. 
The systems basically consist of five 
functional sections: programming, driv- 
ing sources, test fixtures, waveform 
analyzer and data recording. 

Circle No. 162 on Subscriber Service Card 


Resistivity Measurer 


A measurement system to determine 
specific resistivity of semiconductor 
blanks has been announced by Cimron 
Corp. 

Operating with a customer-specified 
probe, the Model 253 will indicate spe- 
cific resistivity directly in ohms/cu. cm. 
with 5-digit resolution. The current 
source is digitally programmed to sup- 
ply correct currents for specimen thick- 
nesses of 3 to 15 milli-in. Controls elim- 
inate the effects of thermal voltages, 
photo injection and variations in probe 
spacings. Repeatability of the system is 
better than 0.1%. 

Circle No. 163 on Subscriber Service Card 


Strip Transmission Line 


A new air-dielectric strip transmis- 
sion line with integrated components 
has been introduced by the electronic 
division of Electronic Specialty Co. 

Applications for air-line include 
duplexers, radar front ends, mixers, test 
sets, and plug-in microwave modules. 
Air-line has a weight savings up to a 
factor of 10, elimination of RF leak- 
age, no spurious modes, and simple in- 
stallation and maintenance. 

Circle No. 164 on Subscriber Service Cord 


Polonium Static Neutralizer 


A static neutralizer employing the 
ionizing isotope polonium 210 is an- 
nounced by Nuclear Products Co. The 
Staticmaster Ionizing Unit Model 2U- 
500 with Positioned Model BF1 is 


designed for use where the presence 
of static electricity causes instrument 
inaccuracies and material handling prob- 
lems. 

The device utilizes alpha radiation 
to neutralize static and consists of a 
500-microcurie polonium sealed source 
mounted in a stainless steel case with 
a protective metal grid. The alpha radia- 
tion emitted by the polonium is non- 
penetrating and harmless externally. 

Circle No. 165 on Subscriber Service Card 


Miniature Terminal Boards 


Cambridge Thermionic Corp. has 
introduced a new miniature terminal 
board featuring forked terminals that 
permit components to be placed directly 
into the terminal for easy soldering and 
rapid assembly in volume production. 

Only 4%” thick, these miniature 
terminal boards consist of individual 
segments, each 11%.” long. Boards of 
up to five segments can be supplied in 
glass epoxy, paper-base phenolic or 
cotton-fabric phenolic. Board widths 
are %c6”, 48” and 114%”. 

Circle No. 166 on Subscriber Service Card 


Precision Attenuators 


Waveline., Inc., has available a series 
of direct reading precision attenuators 
covering the frequency range of 3.95 
to 40.0 gc in seven standard models. 

The units provide varying attenua- 
tion from 0 to 60 db over the full wave- 


guide operating frequency range. Ac- 
curacy of reading is =2% of the db 
reading or +0.1 db, whichever is 
greater, from 0 to 50 db; accuracy is 
+3% of the db reading from 50 to 60 
db. Insertion loss at 0 db setting is less 
than 1.0 db; VSWR is less than 1.15. 


Circle No. 167 on Subscriber Service Cord 
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——ames In the news 


FLICEK DOBBS 


Dan W. Burns: Appointed president and 
a director of the Electrada Corp., Culver 
City, Calif. He was formerly vice president 
in charge of Defense Systems Operations 
for Lear Siegler, Inc. 


Col. Jerry F. Flicek: Former Comman- 
der of the Churchill Research Range, a unit 
of the Air Force Office of Aerospace Re- 
search, has been named commander of the 
6596th Instrumentation Squadron (AFSC), 
Vandenberg AFB, Calif. He has been 
closely involved in the missile research 
field for 16 years. 


Herbert S. White: Appointed director of 
the Scientific and Technical Information 
Facility, Documentation Inc., Bethesda, 
Md., for NASA. He was previously with 
IBM. 


Edward Brinton Morrow: Resigned as 
vice president, chairman and member of 
the Finance Committee, and as a member 
of the Board of Directors of Hercules 
Powder Co., Wilmington, Del. He is re- 
tiring after 48 years with Hercules. 


Paul R. Vogt: Appointed vice president 
and general manager of the Space Engines 
Div. of Rocketdyne, Canoga Park, Calif., 
a division of North American Aviation, 
Inc. He has worked primarliy in the de- 
velopment of liquid rocket engines. 


Guy Dobbs: Appointed assistant direc- 
tor of the Technology Directorate of Sys- 
tem Development Corporation’s Research 
and Technology Div., Santa Monica, Calif. 
He also serves as the acting head of the 
directorate’s advanced information process- 
ing technology staff. 


Robert C. Fordyce: Named general 
manager of the new Hergenrather Person- 
nel Bureau, Los Angeles, a firm spacializing 
in assisting aerospace-oriented companies 
place men and women in junior executive 
and middle management positions. 


Gordon H. Smith: Named chief scien- 
tist for Autonetics, a division of North 
American Aviation, Inc., Anaheim, Calif., 
Strike Avionics Div. Prior to assuming his 
new position, he was assistant chief engi- 
neer for Autonetics’ Data Systems Div. 


George Stoner: Has been named assis- 
tant Aerospace Div. manager for launch 
and space systems at The Boeing Co., 
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FORDYCE 


Seattle. He is also a vice president and has 
directed Boeing’s work on the Saturn V 
launch vehicle for the past three years. 


D. Ross Brown: Appointed president of 
Astek Instrument Corp., Armonk, N.Y. 
He will be responsible for all operations of 
the firm, which designs and manufactures 
air-mass data systems and components for 
military and commercial aircraft. 


Eugene R. White: Appointed manager 
of hydrocarbon fuel cell programs for the 
direct energy conversion operation at Gen- 
eral Electric, Schenectady, N.Y. He is re- 
sponsible for continued development of 
fuel cells. 


Daniell L. Dailey: Appointed director 
of marketing services for the Electronic 
Industries Association, Washington, D.C. 
He is manager of market planning for the 
United Aircraft Corp., East Hartford, 
Conn. 


John F. Jewett: Appointed manager of 
the AN/MPQ-32 weapons-locating pro- 
gram at Sylvania Electric Products Inc., a 
subsidiary of General Telephone & Elec- 
tronics Corp., New York City. 


William R. Ellis: Appointed manager 
of NERVA materials and fuel for the 
Westinghouse Astronuclear Laboratory, 
Pittsburgh. 


Robert Paul: Appointed technical man- 
ager of the commercial applications de- 
partment of Computer Sciences Corp., Los 
Angeles. He will direct all projects in the 
commercial field. 


J. Curtis Counts: Appointed vice presi- 
dent-employee relations, Douglas Aircraft 
Co., Santa Monica, Calif. Also named 
was Edward Curtis to the post of vice presi- 
dent-administration and contracts. 


Andrew J. Rebmann: Elected executive 
vice president of Veeder-Root Inc., Hart- 
ford, Conn. He has been a vice president 
since 1954 and a director since 1958. 


John M. Ward and Walter O. Weber: 
Elected vice presidents of Haveg Industries, 
Wilmington, Del. Ward is in charge of the 
Sil-temp Div. and Weber is in charge of 
the Research and New Products Div. 


Alvin B. Phillips: Named to the newly 
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created position of general manager of in- 
tegrated circuits for the Semiconductor Div. 
of Sylvania Electric Products Inc., New 
York City. 


Alvin W. Ray: Promoted to senior ex- 
ecutive vice president of ITT General Con- 
trols Inc., Van Nuys, Calif. Also, Richard 
A. Ray was promoted to executive vice 
president of ITT General Controls. 


Nicholas G. Fanos: Appointed assistant 
to the president and member of the board 
of Kahn and Company, Inc., Wethersfield, 
Conn. Kahn is an engineering research and 
development firm. 


Harold H. Hall: Appointed to the 
newly created position of chief scientist 
for the Director for Remote Area Conflict, 
(Project AGILE), Advanced Research Proj- 
ects Agency. 


Raymond F. Wulfe: Appointed man- 
ager of Applications Engineering by Micro- 
wave Physics Corp., Garland, Tex., a sub- 
sidiary of Melpar, Inc. He will coordinate 
parametric amplifiers, Ferrite and YIG de- 
vices, panoramic receivers and microwave 
components and subsystems. 


John A. Vaughan: Appointed vice presi- 
dent, research and development of the Max- 
son Electronics Div., Maxson Electronics 
Corp. Maxson specializes in ordnance, mis- 
siles, navigation and anti-sumarine war- 
fare equipments and systems. 


Richard A. Montgomery: Has rejoined 
The Boeing Co., Seattle, as director-mili- 
tary systems in the Aero-space Div. after 
having served more than two years with the: 
Department of Defense. 


John C. Hamaker, Jr.: Elected to the: 
board of directors of Vanadium-Alloys. 
Steel Co., Latrobe, Pa. He is presently vice: 
president-technology. 


Arthur J. Holub: Will head the elec- 
tronics department of Maremont Corp., 
Research Div., Pasadena, Calif. 


Morton A. Maurer: Named vice presi- 
dent of Ventura Div. of Northrop Corp., 
Beverly Hills, Calif.. He was formerly 
manager of production operations at 
Ventura. 
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—when and where— 


SEPTEMBER 


International Conference on Magnetism, 
sponsored hy the International Union 
of Pure and Applied Physics and the 
British National Committee for Phys- 
ics, Nottingham, England, Sept. 7-11. 


International Conference on Microwaves, 
Circuit Theory and Information The- 
ory, TECE of Japan and IEEE, Tokyo, 
Japan, Sept. 7-11. 


Fifteenth Congress, International Astro- 
nautical Federation, sponsored hy the 
IAF, Warsaw, Poland, Sept. 7-12. 


British Aerospace Companies’ Flying Dis- 
play and Exhihition, Farnborough, 
Hampshire, England, Sept. 7-13. 


Air Force Association National Conven- 
tion and Aerospace Development Brief- 
ing and Displays, Sheraton Park Hotel, 
Washington, D.C., Sept. 9-11. 


National Power Conference, TEEE and 
ASME, Mayo Hotel, Tulsa, Okla., 
Sept. 9-11. 


Twelfth Annual Engineering Management 
Corference, sponsored hy the IEEE, 
ASME, AITE, ASCE, and othcrs, Pick- 
Carter Hotel, Cleveland, Sept. 9-11. 


Advanced Incentive Contracting, spon- 
sored hy the National Defense Educa- 
tion Institute, Boston, Sept. 9-11. 


54th National Meeting of the American 
Institute of Chemical Engineers, Fla- 
mingo Hotel, Las Vegas, Sept. 13-16. 


Eighth International Convention on Mili- 
tary Electronics, sponsored hy the 
IEEE, Shoreham Hotel, Washington, 
D.C., Sept. 14-16. 


Symposium on Mass Spectrometry spon- 
sored hy the Group for the Advance- 
ment of Spectrographic Mcthods, Paris, 
Sept. 14-18. 


World Conference on Radio Meteorology 
sponsored hy the Amcrican Meteoro- 
logical Society, National Bureau of 
Standards, Boulder, Colo., Sept. 14-18. 


Techniques of Value Engineering for De- 
fense and Space Contractors, spon- 
sored hy the National Defense Educa- 
tion Institute, Washington, D.C., Sept. 
14-18. 


First International Cellular Plastics Con- 
ference sponsored hy the Cellular Plas- 
tics Div. of the Society of the Plastics 
Industry, Inc., Barbizon Plaza Hotel, 
New York City, Sept. 14-18. 


“Modern Engineering Applications of Com- 
puters,” a course sponsored hy Control 
Technology, Inc., Edgewater Inn, Long 
Beach, Calif., Sept. 14-18. 


49th Norelco X-Ray Analytical School 
sponsored hy Philips Electronic In- 
struments, Sir Francis Drake Hotel, 
San Francisco, Sept. 14-18. 
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The Red Dilemma 


RECENT DISPATCH from Moscow sheds in- 
teresting light on a military strategy debate now 
going on within the Soviet Union. 

The Associated Press reports that two high-rank- 
ing Soviet military officers are continuing their dis- 
sent from Premier Khrushchev’s defense policies, 
notably objecting to cost-cutting and to alleged over- 
emphasis on nuclear strategic missiles. 

The two officers are Marshal Vasily Sokolovsky, 
former chief of the Soviet General Staff, and Maj. 
Gen. M. Cherednichenko. Their views appear in the 
Defense Ministry paper Red Star (Krasnaya Zvezda). 
As the AP notes, the discussion is continuation of a 
dispute touched off two years ago by the kook ‘“Mili- 
tary Strategy,” which was written by Sokolovsky and 
a number of other Soviet military experts. 

To over-simplify the dispute, Marshal Sokolovsky 
and others are concerned that more conventional 
land, sea and air forces are being neglected in the 
emphasis on nuclear missiles, strategic and tactical. 

From the other side, Premier Khrushchev’s atti- 
tude is a familiar one: there are limits to what can 
and should be spent on defense. With the growing 
pressure for higher standards of living—a demand 
which is being met—it becomes increasingly more 
difficult for the Soviets to fund all those projects 
which military officers consider desirable. 

But beyond that rises a question of military 
strategy similar to the one now being debated in 
the United States. In today’s nuclear balance of ter- 
ror, can a nation afford to neglect its tactical, con- 
ventional arms? 

There undoubtedly are as many pressures in the 
Soviet Union today for development of new and 
advanced manned aircraft as there are in this coun- 
try. And, as in this country, some are being met. 
some are being turned aside. 

The similarity of the problem facing the two 
nations is more than coincidental. Both the U.S. and 
the USSR looked down the nuclear barrel during 
the Cuban crisis. Both since have recoiled from what 
they saw there. 

In addition to leading to more searching efforts 
for peaceful co-existence, this also has brought a 
stronger requirement for conventional weapons in 
order that conflict, if inevitable, can occur further 
down the escalation scale—without the need for a 
quantum jump to nuclear weapons in brushfire situa- 
tions. 

But for the United States, the problem is a sim- 
pler one. This nation has not only a sizeable fleet of 
strategic aircraft but formidable strength in Aflas, 
Titan and Minuteman ICBM’s, together with a grow- 
ing force of Polaris submarines. 

Nearly all of the U.S. land-based missiles are in 
hardened and dispersed silos. 

Secretary of Defense McNamara has placed the 
U.S. superiority in manned bombers at 4 to 1. He 
estimates intercontinental ballistic missile superiority 
at the same figure, crediting the Soviet Union with 
fewer than 200 ICBM’s and fewer still in hardened 
silos. U.S. operational ICBM strength now stands at 
more than 800. 


The sea-going comparison is even more one- 
sided. The U.S. has 256 Polaris missiles deployed 
aboard 16 submarines. These are missiles of 1,500- 
mile range or more; they can be fired from beneath 
the surface; all are carried aboard nuclear-powered 
subs. By contrast, Secretary McNamara credits the 
Soviet Union with only 142 sea-going missiles with 
ranges of less than 500 miles. These cannot be fired 
from below the surface. Only a few Soviet subs have 
nuclear power. 


HE PROBLEM for the Soviet Union, and the 

cause of the current military debate there, be- 
comes apparent from these figures. They also explain 
why the problem is a more complex one for the 
Soviets than for the U.S. 

The U.S. has in being a formidable strategic 
force. While it must maintain a considerable re- 
search and development effort aimed at improving 
and eventually replacing this force, it nevertheless 
now can devote a considerable portion of its defense 
budget to tactical, conventional forces. 

The Soviet Union does not have this luxury. If 
Premier Khrushchev is to have anything even re- 
motely matching U.S. strategic power, he must con- 
tinue to pour billions of rubles into land and sea- 
based strategic systems. To devote the attention to 
conventional land, sea and air forces which Marshal 
Sokolovsky is demanding would require a drastic 
increase in the Soviet defense budget. 

But to place this added defense burden on the 
Soviet economy is not an easy decision to make. 
At this stage in the nation’s development, funds are 
needed for other vital projects—for agriculture, for 
a build-up in electronics, for development of the 
chemical industry and to provide better housing, 
better clothing and the other improved living stand- 
ards which the Soviet people desire. 

There are many side-effects of these conflicting 
pressures. The slow-down in Soviet ICBM deploy- 
ment may be one. This could be attributable not 
only to a lack of all-out funding but to Premier 
Khrushchev’s realization that small, cheap solid-fuel 
ICBM’s of the Minuteman type are more attractive 
both financially and strategically than the present 
clumsy liquid-fuel rockets. Since the Soviet chemical 
industry is one of the weak spots of the economy, 
it may be taking considerable time to develop these 
missiles, time that becomes an embarrassment in the 
face of the demand for funding of conventional 
forces. 

Add to these pressures the urgent needs for anti- 
missile missile and antisubmarine warfare forces and 
the size of the problem confronting the Soviet 
premier becomes apparent. The arguments of Mar- 
shal Sokolovsky for a new approach to conventional 
warfare carry considerable weight in these circum- 
stances—and tend to confirm the direction in which 
the U.S. Defense Department now is moving. The 
market implication for U.S. industry is obvious. 


William J. Coughlin 
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EARTH ORBITAL REENTEY 


Four spacecraft programs, each engineered to explore 
diverse techniques for earth orbital reentry, are underway at McDonnell. 


MERCURY 


MERCURY, America’s first 
manned orbital spacecraft, 
utilizes a non-maneuverable 
ballistic reentry. After retro- 
rockets slow the spacecraft to 
bring it out of orbit, reaction 
jets position it for reentry. 
Mercury’s ballistic shape 
maintains alignment with the 
drag vector as it follows a 
ballistic path through the 
atmosphere to drogue chute 
deployment at 21,000 feet. 
Final descent to an ocean 
landing is accomplished with 
a 63-foot ring-sail parachute. 


ASSET 


ASSET, an instrumented, un- 
manned, winged vehicle, will 
reach speeds of 13,000 miles 
per hour in sub-orbital flights 
at altitudes of over 40 miles. 
This space research program 
will provide for study of glide 
reentry technology, refractory 
materials fabrication experi- 
ence, and accelerate the de- 
velopment of maneuverable 
reentry techniques. A para- 
chute landing system enables 
recovery of vehicle and data 
package for post flight analy- 
sis of test data. 


AEROBALLISTIC 


AEROBALLISTIC is a word 
coined to describe the lifting 
body concepts proven by 
flights of McDonnell! hyper- 
sonic missiles from Cape 
Canaveral in early 1959. The 
test flights demonstrated pre- 
cise atmospheric control, the 
aerodynamic efficiency of an 
Aeroballistic vehicle and were 
the first breakthroughs in the 
design of maneuverable re- 
entry spacecraft. Space mis- 
sions utilizing an Aeroballis- 
tic type vehicle would termi- 
nate with a conventional 
runway landing. 


GEMINI 


GEMINI is a two-man orbital 
spacecraft for long duration 
and rendezvous missions. 
Upon reentry, the crew will 
position Gemini’s off-set cen- 
ter of gravity with attitude 
control jets to re-orient the 
drag vector and create a lift 
component. This lift will en- 
able the crew to maneuver 
Gemini to any point in a 
28,000 square mile landing 
area. A paraglider will be 
deployed in later flights, 
enabling precise astronaut 
control of the glide to the 
landing field. 


With MERCURY, ASSET, AEROBALLISTIC and GEMINI Spacecraft, 
McDonnell is perfecting reentry techniques, shapes, materials and manufacturing processes 
necessary for the achievement of U. S. leadership in space. 


TRADEMARK 


FIRST FREE MAN IN SPACE 


MCDONNELL 


@ Mercury and Gemini are being designed and built by McDonnell for NASA 


under the technical direction of the Manned Spacecraft Center. 


@ Asset is being developed and built under the sponsorship of 
the Aeronautical Systems Division of the Air Force Systems Command. 


@ Aeroballistic vehicles were developed and tested under contract with the U.S.A.F. 
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A TRIP TO THE 
MOON 

WITHOUT A 

MISSILE 


In this Man-Carrying Motion Generator, being designed and constructed by Genisco Systems for NASA-Ames Research Center's 
Space Flight Guidance Research Facility, the atmospheric and dynamic environments experienced by astronauts from blast-off, mid- 
course flight, re-entry and landing are simulated for either a complete mission or portions of a space flight. 

In order to simulate the motions associated with these phases of space flight, the Man-Carrying Motion Generator rotates a ten- 
ton gimballed 3-man capsule which has multi-degree of freedom and is driven by a high response hydraulic servo drive designed 
to have a dynamic range of 1000:1. The interior of this ‘room size’ capsule is varied with respect to altitude, temperature, gas 
composition and flow rate by means of a closed loop control system. All of the environmental parameters may be varied in accor- 
dance with signals from either a programmer, computer, or manual commands, 

The 3-man capsule is rotated at the end of a 50 foot arm which is driven by a 15,000 peak horsepower servo-controlled D.C. 
motor. A second, smaller capsule is interchangeable with the 3-man version and it is designed to attain a steady state of 50 G’s 
for the testing of non-human subjects. In addition to the three rotational degrees of freedom, capsule vertical motion is provided 
by a translatory actuation system. Additional linear motions to simulate pilot =e 
disturbance are derived from a hydraulically driven vibrator located inside | Samia. | 


the capsule. 
The range and combinations of dynamic and environmental parameters 
of the NASA-Ames Man-Carrying Motion Generator make this equipment 18435 SUSANA ROAD * COMPTON, CALIFORNIA 


unique in the free world. 
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Welding Titan fi Motor Case at Westinghouse 
Cooperative Mood Pervades IAF Meet.. 
ComSat Corp. Stock Upswing Analyzed. 
Latest Edition of M/R’s Astrolog migieiely slele 0 sie tS AN AMERICAN AVIATION PUBLICATION | 


From an original painting for CECO by R. T. Handbville 


Fast, sleek, comfortable and dependable—all three of 

these 500-plus m.p.h. business jets have yet one more 

thing in common. All are equipped with main fuel pumps 
CECO Main Fuel Pumps engineered and precision-produced by Chandler Evans. 


Selected for The CECO products on these new-generation turbojet aircraft* join a 
JET COMMANDER distinguished line of pumps, main fuel controls, afterburner controls and 
LEAR JET other jet engine components in an array of important military 

aircraft as well as with many of the latest and finest missiles and 
LOCKHEED JETSTAR 


commercial aircraft. 


CECO is pleased to be “known by the company its products keep” 
and by the records those products establish. 


*Jet Commander—2 General Electric CJ-610 engines, CECO Main Fuel Pumps 
Lear Jet—2 General Electric CJ-610 engines, CECO Main Fuel Pumps 
Lockheed JetStar—4 Pratt & Whitney Aircraft JT-12 engines, CECO Main Fuel Pumps 


CHANDLER EVANS //_ CORPORATION 
Bo Mirtoas u comsatctt gee! © Colt Industries 


® SYSTEMS 
CONTROLS 


GAS TURBINE FUEL CONTROLS/PUMPS «+ MISSILE CONTROL SYSTEMS/SERVOS «+ AIRCRAFT/ENGINE ACCESSORIES 
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COMPARE magnetic 
fields with a closed-loop 
control console that ap- 
plies a calibrated refer- 
ence current to the refer- 
ence winding of the probe 
so an induced, compar- 
able magnetic field is de- 
veloped about a probe 
element. 


SENSE the magnetic field with a 3-axis, flux-gate magnetom- 
eter probe containing elements that are electrically aligned 
to within +6 minutes of orthogonality. 


CHANGE a magnetic field present along 
the axis of the probe by converting a sig- 
nal to DC voltage, amplifying it and ap- 
plying it to a Helmholtz coil axis in a 
polarity that generates a field that is equal 


| and opposite to the initial ambient field 


| 


SENSE, COMPARE, CHANGE: 


asic capabilities of the Vickers Dycomerm 
ystem ... the first standard dynamic con- 
rol magnetic environment system. 

The Dycome System consists of a 3-axis, 
lux-gate magnetometer probe, a control 
onsole, and a 3-axis Helmholtz coil eight 
eet in diameter. You can install it almost 
inywhere; it doesn’t require a shielded 
oom. It will automatically compensate for 
thanges in ambient field disturbances to 
)rovide a constant, precise and uniform 
nagnetic field of any desired magnitude. 
\s we say, it’s dynamic. Its solid state feed- 
yack circuitry provides minimum drift oper- 
ition. It is used in aero-space studies and to 


ELECTRIC PRODUCTS DIVISION 


test and calibrate magnetic instruments. It 
is also used for paleomagnetic and geomag- 
netic field research, and to study electron 
beam deflection systems. It has many other 
applications. And it has these performance 
characteristics: 

Accuracy: The field in the working volume 
will not deviate from the set point by more 
than 2.0 milligauss for variation in the am- 
bient magnetic field up to + 600 milligauss. 
Response: Down 3 db. at 10 cps. 
Controlled Field Uniformity: Sphere, 0.5 
foot diameter, within 0.6 milligauss. Sphere, 
2 foot diameter, within 6.0 milligauss. 
Field Control Range: + 600 milligauss to 
— 600 milligauss. 


1749 LOCUST ST. 
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Meters: Field Indication Meter, ++ 1.0 gauss 

to — 1.0 gauss, 3% each axis. 

Power Requirements: 60 cycles or 400 

cycles. 

Vickers also produces a flux-gate type 
portable magnetometer that is used to 
measure and survey low-level magnetic 
fields. It has 8 ranges from + 0.5 to + 1000 
millioersteds; resolution of less than 7 gam- 
ma; battery or 115 volt AC power operated; 
direct-reading meter. 

lf what you’re doing demands that you 
be able to control magnetic fields, let’s talk. 

Call St. Louis, CEntral 1-5830. Or write 
for Dycome Bulletin 4606-3. 


ICKER$ ST. LOUIS, MISSOURI 63103 


DIVISION OF SPERRY RAND CORPORATION 


VE64-1A 


BUTTONS, BUTTONS... 
WHO’S GOT THE BUTTONS? 


The Bell System has...push buttons that can turn | 
your telephone into a versatile intercommunicating 
system at the touch of a forefinger. 

These buttons give you fully integrated telephone/ | 
intercom service. They let you handle outside and 
inside calls on one instrument ... hold one call while 
you get information or answer another call... add an 
inside extension to an outside call... set up multi- 
phone conferences. 

This push-button ease of modern Bell System office 
communications is the result of a point of view. 

We don't want our customers to have to ‘‘get along” 
with inferior equipment, and ‘‘make do” with inadequate 
service. i 

Rather, we want them to have communications that | 
are positive assets in their day-to-day operations—ways 
to assure control and promote efficiency. 

To this end, we are constantly developing new services | 
and improving present ones... aiming always to provide | 
the finest military and civilian communications. 


=\ BELL SYSTEM 


—- American Telephone & Telegraph Co. and Associated Companies 
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THE COVER 


An automatic welding head moves down a 
longitudinal seam in fabricating a center 
segment for the 120-in. Titan III strap-on 
solid booster case at Westinghouse Electric 
Corp. The Ladish D6AC steel plate is 7 
firmly held in the fixture and precisely posi- 
tioned to avoid mismatch. See p. 32. 
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Current STL projects include the Air Force-ARPA 
Nuclear Detection Satellite, widely regarded as the 
most important space feat to date. Traveling in pairs: 
around the earth, the 20-sided satellites are believed 
capable of detecting nuclear explosions more than 10 
million miles away. 
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Within this beautiful soa 
million building complex | 
at Redondo Beach near) 
Los Angeles, TRW Space } 
Technology Laboratories } 
carries out major aero: } 
space projects front 


Conquest of outer space by STL... Control of inner = 


blueprint to black sky — from concept through launch, 
TRW Space Technology Center is the nation’s first facil- 
ity expressly designed for the research, development, J 
and manufacture of spacecraft and space systems. 


(Left)eCritical guidance 
equations for most of 
America’s space probes 
were calculated in the com- 
puter area. Johnson tem- 
perature and humidity con- 
trol protects the costly 
equipment. 


(Center) A Johnson System 
Provides pinpoint contro! 
of thermal conditions in 


“clean” rooms and labora- - 
tories. Over 200 people 
work in this 14,000 sq. ft. 
“clean” room. 


(Right) All buildings at the 
Center are Johnson 
equipped. Now 60% com- 
pleted, it will ultimately 
contain 10 buildings cost- 
ing some $50 million. 


Owner: TRW Space Technology Laboratories 
Thompson Ramo Wooldridge inc. 


Architects and Engineers: Albert C. Martin and Associates, _ | 
Los Angeles; Craig R. Sturm, Project Manager ~ 


General Contractor; Turner Construction Company, 
Wittenberg Division, Los Angeles 


Mechanical Contractor: Johnston & Washer, Los Angeles 


saree 


by Johnson / TRW SPACE TECHNOLOGY CENTER 


whis 10-building Center, of which six buildings are 
jiow completed, is considered by the architectural and 
Jengineering firm of Albert C. Martin and Associates 
2S one of its most challenging assignments and most 
uccessful achievements. 


HAccurate temperature and humidity control is, of 
ourse, essential throughout the Center. To meet its 
aried requirements, each building is equipped with 
Ja Specially engineered Johnson Automatic Control Sys- 
em. Whether it’s a research laboratory, the 14,000 sq. 

t. clean room, an executive office, the computation 


and data reduction center, or a high-bay manufactur- 
ing area, Johnson Control assures utmost reliability 
in maintaining an optimum thermal environment. 


Johnson's record in quality-built buildings such as 
these is unequalled in the control industry. From 
complete building automation to a simple control sys- 
tem, you can always rely on Johnson, world leader 
in the control of inner space since 1885. Johnson 
Service Company, Milwaukee, Wisconsin 53201. 110 
Direct Branch Offices. 1363 
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AUTOMATIC CONTROL SYSTEMS : 


Is this 
what most engineers mean 
when they say 
RELIABILITY? 


A radar system that enables the pilot to deliver 
weapons on target—from high or low altitudes, 
in any weather, day or night. 


That is reliability. The F-15 and R-14 radars 
have proven their reliability in both MTBF 
tests and actual operating conditions. These 
multimode, monopulse systems were devel- 
oped by North American Aviation/Autonetics. 
F-15 equipped F-104 Starfighters are used by 
NATO, MAP and the Canadian Air Force. The 
R-14 is in the USAF F-105 Thunderchief. These 
radars have target-on-time impact capability 
with a high degree of accuracy. Autonetics 
supports these systems and ensures proper 


training, maintenance and modification with 
rapid service and technical assistance any- 
where in the world. Now Autonetics is leading 
the industry into production application of 
microelectronics for even more versatile radar 
systems with still greater reliability. These are 
but some of the many achievements by engi- 
neers and scientists at Autonetics in inte- 
grated, cost-effective systems. These 
achievements set the standards of reliability 
for the entire electronics industry. 


North American Aviation /Autonetics 


letters 


On Criticizing Ranger 


To the Editor: 


Ranger program defender David E. 
Shaw’s letter published in your Aug. 24 
issue seems to question the intelligence 
and wisdom of criticizing six Ranger fail- 
ures. First, I think Jet Propulsion Labora- 
tory should consider itself fortunate that 
NASA had sufficient patience and funds to 
permit seven tries for success. As a tax- 
payer, I think I would have stopped “shell- 
ing out” long before seven. Let’s face it— 
six failures are not wiped out by one suc- 
cess, nor does it wipe out the $150-million 
failure. Ranger VII may have been an un- 
qualified $50-million success, but why 
couldn’t we have had it on the first two or 
three launches? 
| Mr. Shaw asks “Where else can the 
nation obtain such genuine dedication and 
zeal in the achievement of excellence?” 
Well, just to name three with a better bat- 
ting average than one in seven, I can recall 
RCA with Tiros, AT&T with Telstar, and 
Hughes with Syncom. 

Finally, Mr. Shaw asks, as a result of 
the Ranger VII success, “who should be 
investigated now?” May I point out that it 
is the failures that cost us money—not the 
success? May we continue to have editors, 
Congressmen, and taxpayers who will ques- 
tion continued failures and ask why. 


Lester J. Martin 
Santa Ana, Calif. 


Conax and Ranger VII 


To the Editor: 


We at Conax are proud and honored; 

proud to have served as part of the Ranger 
team to accomplish the task of obtaining 
photographs of the Moon, honored by the 
mention of our corporation as part of this 
task force in MISSILEs AND Rockets’ Aug. 
10 editorial. 
___ I think it is appropriate to say that only 
once before in history have so few done 
so much for so many, since I am sure we 
will all agree that the result obtained by 
this mission will have a drastic and dra- 
matic effect on man’s future life. 


Felix G. Masci 

Manager, Technical Staff 
West Coast Office 

Conax Corporation 
Encino, Calif. 


Film Readers 


To the Editor: 


We have noticed in your Aug. 17 issue 
(p. 17) a reference to the PFR-1 Program- 
mable Film Reader, currently being used to 
read and digitize large quantities of film 
representation radar A-scope traces at Hol- 
loman AFB, N.M. This equipment is not 
manufactured by M.I.T., as your article 
stated but rather by Information Interna- 
tional, Inc., 200 Sixth St., Cambridge, Mass. 


It is true that an original breadboard model 
of this equipment was developed for M.I.T. 
Lincoln Laboratory, but they have had no 
further connection with the development 
of the Programmable Film Reader since 
that time. 

Incidentally, we have recently de- 
veloped a new high-precision model PFR-2 
Programmable Film Reader. This com- 
bines, for the first time, fully automatic 
high-speed film reading with a very high 
degree of resolution. Film reading measure- 
ments are accurate to 0.0002 inch, or about 
5 microns. 

The PFR-2 has been developed for the 
analysis of billionth-of-a-second events re- 
corded on film during nuclear explosions, 
consisting of electrical transients of several 
thousand megacycles bandwidth recorded 
as oscilloscope traces. The high speed and 
high resolution of the system make it well 
suited for rapid automatic reduction of as- 
tronomical star charts, satellite tracking 
and other similar applications. 


Edward Fredkin 

President 

Information International, Inc. 
Cambridge, Mass. 


Pro Forma Defense 
To the Editor: 


Your pithy editorial on “Alice in McNa- 
maraland“ (M/R, Aug. 3) highlights the 
pro forma policy which has proved very 
costly to the United States, as evidenced 
by the cases of Dr. Goddard, Simon Lake, 
Gen. Billy Mitchell, and Walter Cristie, 
just to name a few. 

As a matter of comparatively recent 
record, were it not for the sterling charac- 
ter and dedication of Dr. Eugene P. Wig- 
ner of Princeton University, who chal- 
lenged the opinion of Col. Adamson (“The 
Einstein Letter That Started It All,” New 
York Times Magazine, Aug. 2), atomic 
developments would have been delayed, 
with consequent disaster for our country. 

Specific defense requirements are but 
minor as compared with the tremendous 
flow of inter-disciplinary knowledge de- 
rived from the comprehension of atomic 
structures and displacements there- 
of. Therefore, under the present circum- 
stances, there appears the need for a new 
civilian board, other than the National 
Inventors Council, of non-academic inven- 
tors including Benjamin F. Miessner and 
others as well as university-oriented scien- 
tists, to superintend and meet immediate 
and rising needs of our various defense 
departments with dispatch and without the 
delays occasioned by the pro forma policy 
which encourages overcomplication and 
provides time intervals for foreign inven- 
tors to render U.S. developments obsolete. 

It should be obvious that the defense 
industry and the vast amount of new scien- 
tific knowledge emanating therefrom is not 
a WPA project, but the very hemoglobin 
in the blood stream of the United States. 

Harry Bricker Fuchs 
Farmingdale, L.I., N.Y. 
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And is this 
what most engineers 
mean when they say 

APPLIED 


MICROELECTRONICS? 


poset = 


It is called the 
R45 Multi-Mode Radar. 


The versatile R45 family of multi-mode 
radars takes full advantage of recent 
advances in microelectronics systems inte- 
gration and computer programmed circuits 
analysis. It is another major achievement 
in “built-in” low total-life-cost by North 
American Aviation/Autonetics. 

The R45 radar family was designed to 
fulfill a need for reliable, lightweight, easily 
maintained and versatile airborne systems 
at low cost. These building block systems 
weigh less than 100 pounds and have more 
than a 1000-hour inherent mean-time- 
between-failure rate in helicopter, transport 
and light attack applications. Basic Ku band 
frequency and 60 kw power can be varied to 
meet customer operational requirements. 

Microelectronic R45 radar circuits are 
designed and verified by computer analysis, 
thus affording an unusually high degree of 
systems reliability, design integrity and 
simplicity. Standard circuitry and modular 
construction, employed throughout, add to 
systems adaptability. They are used, for 
example, in the R47 radar—a 30-pound low- 
altitude automatic terrain following sensor. 

By selecting the necessary functional 
module blocks, specific operational modes 
may be added or subtracted. 

This is but one more example of how the 
engineers and scientists at Autonetics are 
forging ahead in the field of applied micro- 
electronics and total systems integration— 
another reason Autonetics is setting stand- 
ards for the entire electronics industry. 


North American Aviation 
Autonetics 


The Hughes/ NASA:Syncom stands still at 6875 m 


CIRCUIT DESIGNERS... 


Today, Hughes is one of the nation’s most 
active aerospace/electronics firms. Projects 
include: F-111B PHOENIX Guided Missile Sys- 
tem, TOW Anti-Tank Missile, SURVEYOR 
Lunar Spacecraft, SYNCOM, VATE, ARPAT, 
POLARIS, Hard Point Defense and others. 


This vigor will assist the qualified engineers 
and scientists towards more and better oppor- 
tunities for both professional and personal 
growth. 

Many immediate openings exist. The engi- 
neers selected for these positions will be as- 
signed to the following design tasks: the 
development of high power airborne radar 
transmitters, the design of which involves use 


aes 
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of the most advanced components; the de- 
sign of low noise radar receivers using para- 
metric amplifiers; solid state masers and 
other advanced microwave components; ra- 
dar data processing circuit design, including 
range and speed trackers, crystal filter cir- 
cuitry and a variety of display circuits; high 
efficiency power supplies for airborne and 
space electronic systems; telemetering and 
command circuits for space vehicles, timing, 
control and display circuits for the Hughes 
COLIDAR (Coherent Light Detection and 
Ranging). 


If you are interested and believe that you can 
contribute, make your appointment today. 


ph: to talk to a billion people. 


is your appointment in space with Hughes? 


For immediate consideration, 
please airmail your resume to: 
Mr. Robert A. Martin 
Head of Employment 
Hughes Aerospace Divisions 
11940 W. Jefferson Blvd. 
Culver City 36, California 


Creating a new world with electronics 


HUGHES AIRCRAFT COMPANY 
AEROSPACE DIVISIONS 
An equal opportunity employer. 


U. S. CITIZENSHIP REQUIRED 


The Countdown 


WASHINGTON 


Joint Vehicle Report Delayed 


The Special NASA-Air Force group studying a standard 
family of launch vehicles will not make its report to the joint 
Aeronautics and Astronautics Coordinating Board in mid- 
September, as had been expected. No new date has been set 
for the report, although the delay is not expected to be ex- 
tensive. The group is evaluating sets of launch vehicles, 
assigning payloads and then comparing pricetags in an effort 
to aid the AACB in making a decision on future require- 
ments. 


Grumman Rumored Getting STEM Study 


There are reports that Grumman Aircraft Engineering 
Corp. will shortly receive a $400,000 study contract on the 
so-called Stay Time Extension Module (STEM). The proj- 
ect, which would extend the Lunar Excursion Module’s abil- 
ity to remain on the Moon for up to two weeks, would be 
used in long-exploration lunar missions and as an aid in 
setting up a lunar base. 


Some Potential Budget Victims 


One project that may meet the budget-cutter’s axe as a 
result of the approximately $73 million cut from NASA’s 
Fiscal Year 1964 supplemental appropriations request is 
the Paraglider development program for Gemini. Other 
prospective casualties are a long list of backup systems and 
subsystems which the Office of Manned Space Flight had 
hoped to get started. Two other possibilities: stretching out 
of deliveries of later Saturn IB and Saturn V boosters, and 
the trimming of some ground-test models in Apollo space- 
craft development. In the latter case, flight-rated vehicles 
would be used for ground testing. 


Surveyor May Get Improved Retro 


NASA is developing an alternate retro engine for the 
Surveyor spacecraft. It hopes to increase throttling range 
and reduce feed pressure requirements. The engine employs 
a variable-area injector coupled to a variable-area cavitating 
venturi control system. Incidentally, contrary to recent 
NASA reports, there are still seven Block I 2,150-Ib. Sur- 
veyor vehicles in the program. The first four are engineering 
models that will carry only TV cameras. The last three will 
also carry scientific experiments. 


Dora Causes Minimal Launch Troubles 


Despite some delay forced by Hurricane Dora last week, 
} Space agency officials still hope to launch the fourth Centaur 
}vehicle early in the fourth quarter of this year. Another 
launch which could be delayed by one to several days is the 
| Saturn SA-7 shot slated for this week. 


Gemini Crew Training Advances 


Flight crew members for the fourth Gemini mission— 
Now expected in mid-1965—are beginning their training. 
At the same time, the crew for the third mission are switch- 
ing to Cape Kennedy, where most of the rest of their training 
will be conducted. As a result of slippage in the second 
‘Gemini flight, Manned Spacecraft Center officials are ex- 
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pected in the near future to run an all-network check of their 
tracking stations. 


Centers Get Bigger Checkbooks 


NASA has increased the dollar ceilings for contracts 
which its centers may sign without headquarters approval. 
New limitations are: Wallops Station, $200,000; Headquar- 
ters Contracts Div., Kennedy Space Center, Electronics 
Research Center, Space Nuclear Propulsion Office and West- 
ern Operations Office, $1 million; and Ames Research Cen- 
ter, Langley Research Center, Lewis Research Center, God- 
dard Space Flight Center, Manned Spacecraft Center and 
Marshall Space Flight Center, $2.5 million. 


INDUSTRY 
‘Hi-Dive’ Rocket To Test Re-entry Parachutes 


Space-General Corp. is building a new five-ton rocket 
vehicle to be used by the Air Force at El Centro, Calif., for 
testing recovery and re-entry parachutes for both manned 
atmospheric and space vehicles. Under an initial contract 
of $100,000, the vehicle, called “Hi-Dive,” will be designed 
and built to be dropped from an aircraft at 45,000 ft., cut 
loose and fall free until stabilization parachutes halt it for 
firings of rockets that will speed it up to Mach 5. It would 
deploy its test parachute at 30,000 ft. Even if the chute 
failed to open, it would be recoverable and reusable. The 
Air Force says the delivery date for the first vehicle is ex- 
pected next April. 


GE Displays START Re-entry Vehicle Mockup 


General Electric last week revealed its concept for a 
maneuverable re-entry vehicle to be flight-tested as part of 
the Air Force’s Spacecraft Technology and Re-entry Test 
(START) program. A mockup of the Orbiting Maneuver- 
able Re-entry Vehicle was displayed at the Air Force Asso- 
ciation convention in Washington, D.C. It is shaped like a 


_ partially flattened sphere with tail fins. Outside surfaces 


would be covered with a silicon rubber compound acting 
as an ablation-type re-entry heat shield. 


Douglas Making MOL, MORL Studies 


Two aspects of spaceflight being studied by Douglas Mis- 
siles and Space Systems Div. with an eye to the Air Force’s 
Manned Orbiting Laboratory and NASA’s Manned Orbiting 
Research Laboratory. In one of the company-funded in- 
vestigations, Douglas is using its 18-ft. centrifuge to de- 
termine how rotation may be used for cardiovascular con- 
ditioning in flight. It also plans a 60-day simulated space- 
station mission in a double-walled chamber. 


INTERNATIONAL 


Alouette Becomes a Magnetometer 


Discovery of unexpected gyrofrequency ionic resonances 
in data transmitted by the Canadian topside sounder Alouette 
has opened up a new technique for measuring magnetic fields 
in space. Measurement of the frequency of any convenient 
harmonic of the resonance indicates the magnetic field 
strength in the volume of space around the satellite. Alouette, 
which was designed to measure electron densities in the up- 
per atmosphere, can now be used to map the Earth’s mag- 
netic field. 
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We turned our ace recorder into an efficiency expert 


CEC’s VR-3600 Recorder was the 
acknowledged master of wideband 
frequencies. Then our telemetry cus- 
tomers asked a revolutionary question. 
Could we double the unit’s capability — 
add narrow band frequencies without 
requiring a change of components? 


Four months later they witnessed a 
demonstration. A CEC engineer flicked 
a switch, and a VR-3600 automatically 
changed from wideband to narrow 
band. Another flick of the switch and 
the operation was reversed. Just what 
they asked for! 


CEC’s answer to the problem had been 
deceptively simple. By modifying stand- 
ard amplifiers and electronics, the 
tecorder could instantly provide the 
high bias level required for narrow 
band frequencies. 


But to our customers, this achievement 
means considerably more. No longer 
will precious hours be wasted on man- 
ual change-overs and recalibrations. 
And the elimination of additional com- 
ponents will reduce instrumentation 
costs as much as 40%...even after the 
modestcostof modifications of this type. 


This is a recent case-in-point of how 
progressive-minded customers are 
advancing CEC’s leadership in the 
development and production of all 
phases of data recording. 


It also explains why CEC maintains a 
network of 22 sales and service offices 
throughout the nation. To expedite 
application engineering. To familiarize 
customer personnel with new instru- 
mentation. To find more efficient ways 
to “do the job.” 
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CONSOLIDATED ELECTRODYNAMIC 


A SUBSIDIARY OF BELL & HOWELL/PASADENA, CALIF. 91 


Do you have 
this chart? 


This 21” x 27” CEC wall chart is a 
“must” for every engineer con- 
cerned with the analysis of static, 
cyclic or transient phenomena — 
from event to readout. 


Every instrument in the four cate- 
gories shown below is described 
in detail, including specifications. 

_ There are cross-reference tables to 
aid in selecting instrumentation, 
and information on the combined 
use of the various instruments to 
meet specific needs. And, in addi- 
tion, you will find the finest support 
equipment for dynamic measuring 
and recording in industrial and 
military applications. 


Sensors and Pickups 
. Chart shows the 


Signal Conditioners 


Chart shows 11. 
basic types and <p 
where they may 4, 


be required. 


Magnetic Tape 

Chart shows 8 
analog and digital 
recorder/repro- 
ducers with sup- 
port equipment. 


Direct Readout 
Chart shows 5 
recording oscillo- § 
graphs, 33 gal- 
vanometers and 
where they can be 
used. Also support 
equipment. 


Write today for your courtesy copy. 
Ask for GEC Chart DM-37- X45. 


CEC 


CONSOLIDATED ELECTRODYNAMICS 


A SUBSIDIARY OF BELL & HOWELL/PASADENA, CALIF. 91109 
INTERNATIONAL SUBSIOIARIES: WOKING, SURREY, ENGLAND 
AND FRANKFURT/ MAIN, GERMANY 


Circle No. 7 on Subscriber Service Card 


The Missile/Space Week 


DOD Delays Industry Briefing 


The Dept. of Defense has again 
postponed its series of “advanced 
planning briefings” for industry until 
after the 1964 elections. 

Deputy Secretary of Defense Cy- 
rus Vance has rescheduled the ses- 
sions, originally planned to open this 
week, until mid-February, 1965. 

The briefings are sponsored by 
the National Security Industrial As- 
sociation with the Assistant Secre- 
tary of Defense (Public Affairs) 
Arthur Sylvester coordinating DOD 
participation. The first session was to 
be in New York City Sept. 17 and 
18, followed by briefings in Chicago, 
Dallas and Los Angeles in the next 
two months. 

Spokesmen for the NSIA said the 
Pentagon argued that holding the 
briefings at this time might be con- 
strued as “partisan activity.” 

Reservations for the New York 
session had reached 1,267 before 
NSIA was notified of the cancellation, 
less than two weeks before opening. 


U.S.-Canadian Missile Studied 


Douglas Aircraft Corp. and DCF 
Systems Ltd. of Toronto, Canada, are 
considering cooperation on an anti- 
aircraft missile suitable for use on 
torpedo boats, frigates and other 
naval vessels, as well as for possible 
use by ground units. 

According to the Financial Post, 
a Canadian business weekly, the two 
firms will meet next month to discuss 
the project. The proposed weapon is 
expected to find a good market among 
NATO countries, especially West 
Germany which has an anti-aircraft 
requirement for its Baltic P.T. boats. 

No indication was given of gov- 
ernment sponsorship by either na- 
tion. 

The Canadian report said that 
Douglas would be responsible for ac- 
tual missile development and DCF 
will act as systems manager for 
ground support equipment. 


‘Marginal R&D’ Hit 


The “fragmented character” of 
the U.S. research effort, particularly 
in regard to R&D work on missile/ 
space power systems, was criticized 
recently by an industry leader. 

Stanley C. Pace, equipment group 
vice president of Thompson-Ramo- 
Wooldridge, Inc., charged that “fund- 
ing of marginal R&D programs de- 
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prives the most promising programs 
of the funds they need to achieve 
successful results.” 

Speaking at the A[AA Third Bi- 
ennial Aerospace Power Systems 
Conference in Philadelphia, Pace pre- 
dicted that when the manned space- 
craft industry matures, power sys- 
tems rated at 150 to 200 kw will be 
required for extended duration mis- 
sions. No system rated at more than 
1 kw has yet been flight-tested in the 
U.S. This lack of progress, he said, 
is primarily due to the tendency to 
broadly fund many questionable pro- 
grams. 

More regrettable, he says, is the 
fact that conclusions drawn from 
earlier expenditures of this nature 
have not curbed this tendency. 

Pace called for the various gov- 
ernment agencies to establish a 
strong coordinating mechanism for 
sharing information and planning 
R&D—all to be put into a single, 
long-range development plan. 


A-3 Sub To Begin Patrol 


The first U.S. Fleet Ballistic Mis- 
sile Submarine armed with the Po- 
laris A-3 missile will begin its patrol 
this month, President Johnson told a 
news conference. 

“T have been advised by Secretary 
of Defense McNamara that a new and 
significantly improved weapon—the 
Polaris A-3 missile—will soon be- 
come part of our strategic missile 
force,” the President said. 

Sixteen of the 2,500-n.mi. missiles 
will go to sea on the USS Daniel Web- 
ster when it goes on station later this 
month. The A-3, the President said, 
was put under ‘accelerated develop- 
ment in 1964.” 

Polaris A-3 was actually opera- 
tional in August with the successful 
completion of the flight test program. 
The missile, like its 1,200- and 1,500- 
n.mi. predecessors, is 31 ft. long and 
54 in. in diameter and consists of two 
solid-propellant stages. 

Both of the motor cases for the 
two stages are fiberglass with rotat- 
ing nozzles to control the first-stage 
thrust and fluid injection to control 
the second stage. A new, smaller, 
more accurate inertial guidance sys- 
tem is also used in the A-3, coupled 
with an improved fire control system, 
it gives the missile a multiple-target 
capability. 

Twenty-eight Polaris submarines 
will be armed with the A-$ while the 
remaining 13 will retain the A-2. 
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RFD-2 Shot Slipped 


Firing of the second Research 
Flight Demonstration (RFD-2) was 
rescheduled for Sept. 11 after two 
postponements caused by weather 
problems. 

The capsule is to be launched 
aboard a Scout rocket on an 800-mi., 
suborbital trajectory from Wallops 
Island, Va., and impact at a point 
about 250 mi. southeast of Bermuda. 

Objective of the Atomic Energy 
Commission program is to gain data 
on generator disassembly and fuel 
capsule burnup rate during re-entry. 
Martin Co.’s Nuclear Div. built the 


payload, a non-radioactive mockup 
of a 20-watt isotopic-thermo-electric 
generator. 

RFD-1 was successfully fired over 
the same path in May, 1963. 


New Satellites Successful 


The space agency’s three newest 
satellites, Orbiting Geophysical Ob- 
servatory (OGO), Nimbus and Syn- 
com III, are all performing success- 
fully in space. 

Officials reported that 19 of 20 
experiments on OGO have sent data 
back to Earth despite the fact that 
the spacecraft failed to acquire the 


USAF Minuteman ICBM 
uses GLC Graphite in 


First Stage Rocket 


Rocket nozzles and conver- 
gent-divergent cones made of 
Great Lakes Carbon Corpora- 
tion’s HLM-85 grade graphite 
are standard in the first stage 
solid propellant motor for the 
Minuteman Missile. Our 
H-249 grade graphite is also 
employed in the motor of the 
Minuteman’s third stage. 


GLC’s HLM-85 and H-249 
graphites are notable for high 
density and erosion resistance. 


HLM-85 and H-249 grades 
of graphite are in full produc- 
tion. Ample supplies are avail- 
able in a wide choice of sizes 
and shapes. 

Advanced grades of GLC 
graphite are also being devel- 
oped in our research labora- 
tories to meet newer applica- 
tions in aerospace technology. 
Your inquiry is cordially in- 
vited and will receive imme- 
diate attention. 
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Earth shortly after it went into orbit. 
The problem apparently occurred 
when one of the booms was not fully 
deployed, thus obscuring the view of 
the horizon sensor. 

OGO—launched Sept. 4—was or- 
biting the Earth with an apogee of 
92,845 mi. and a perigee of 176 mi. 
Its orbital period was 64 hours. 

Syncom III was scheduled to 
reach its stationary orbit slightly. 
east of the International Date Line 
on Sept. 10. If successful, radio com- 
munication tests were to be at- 
tempted. No TV transmission will be 
possible until Oct. 1 when the re- 
quired ground stations will be ready.’ 

Nimbus, the heavy 830-lb. 
weather satellite, continued to trans- 
mit excellent pictures of Hurricane 
Dora as it moved toward the Florida 
east coast. 


GE Division Gets New Chief 


The General Electric Co. has’ 
named Richard L. Shetler general 
manager of its Defense Programs: 
Div. in Washington, D.C. 

In the new post, Shetler will be 
responsible for integrating and co- 
ordinating the company’s field opera- 
tions and customer services in the 
aerospace and defense areas. He will 
also head the company’s planning and’ 
market analysis work for GE’s Aero- 
space and Defense Group. 

The Command Systems Div., 
which Shetler has headed, will be 
discontinued Sept. 15 when he moves 
into the new position and its opera- 
tion reassigned to other divisions in 
an effort to focus business resources 
on serving the space, flight propul- 
sion and electronics equipment needs 
of industry. 

Realigned operations of the Com- 
mand Systems Div. include: 

Military Communications Dept., 
to the Defense Electronics Div.; 

Apollo Support Dept. and Missis- 
sippi Test Support Operation, to the 
Missile and Space Div.; 

Specialized military lines of the 
Communications Products Dept. will 
be transferred to the Military Com- 
munications Dept., with CPD moving’ 
to the Industrial Electronics Div. of 
the Industrial Group. 


Shots of the Week 


NASA on Sept. 4 launched the 
1,073-lb. Orbiting Geophysical Labor- 
atory from Cape Kennedy aboard an 
Atlas-Agena booster. OGO carried 
with it 20 scientific experiments (see 
p. 13). 

@ The space agency’s X-/5 rocket 
plane was flown on a mission Sept. 
3 carrying a “washboard” panel be- 
neath its fuselage to determine if its 
rippled surface lessened air friction| 
heating at ultrasonic speeds. Test) 
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took place from Vandenberg AFB, 
Calif. 

e As a2 prelude to the upcoming 
Biosatellite shot, NASA rocketed a 
white rat into space from Wallops 
Island, Va., on Sept. 3 aboard an 
Arcas sounding rocket. 


Congress To Get Science Assist 


A Science Policy Research Divi- 
sion to aid members of Congress in 
obtaining information on scientific 
and technical matters has been 
formed in the Library of Congress’s 
Legislative Reference Service. 

Dr. Edward Wenk, Jr. has been 
named to head the division, which 
goes into operation Sept. 28. The ac- 
tion is in direct response to recom- 
mendations made by members of the 
science and space committees of both 
houses. 


R&D Distribution Revealed 


California received 38.4% of Fed- 
eral R&D money in the last fiscal 
year, a Congressional study not yet 
released reveals. 

Rep. Emilio Q. Daddario (D- 

Conn.), chairman of the subcommit- 
tee on Science, Research and De- 
velopment said in a speech that the 
unpublished study will confirm that 
California tops the list, with New 
York in second place with only 9.2% 
of the total. Third is Massachusetts 
with 4.6%, he said. 
Daddario said that of the remain- 
ing states there is no large middle 
group of states that receive equal or 
nearly equal amounts. 

On a per capita basis, Daddario 
said, California ranks only third. 
New York is below the national av- 
2rage in this respect. On this basis, 
distribution of R&D dollars produce 
ess variation among states. 
| If the picture is viewed on the 
dasis of dollars per industrial em- 
dloyee, Nevada leads with $21,000 
per employee. Maine ranks at the 
d0ttom, with $1.50 per employee, the 
study shows. 

From the standpoint of dollars 
der scientist, Nevada again ranks 
jirst, receiving $464,000 per scientist. 
Walifornia is second with $189,000 
ber scientist. Wyoming is last with 
34,000 per scientist. 

According to Daddario, when 
hubcontracting is factored in the pic- 
jure it becomes even more distorted. 
Mbout 19% of all R&D money was 
ubcontracted out of the state it was 
iwarded in, and another 5.6% sub- 
ontracted within the state. 

The Connecticut Congressman 
aid that with R&D awards to edu- 
ational institutions the picture 
eemed to be more evenly balanced 


vith regard to state lines. 
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HERCULES 


serves the aerospace field 
with materials and technology 


No stranger to aerospace problems, 
Hercules has long been a pioneer in the de- 
velopmentof highly sophisticated propulsion 
systems and materials to serve space age 
needs. Advanced propulsion units created by 
Hercules have contributed to the success of 
America’s space and defense programs. 

As the mysteries of space add new and 
challenging demands on science and tech- 
nology, the research, development, and inno- 
vation capabilities of Hercules in this field 
will continue tocontribute materials, systems, 
and know-how. For the company’s entire 
resources and 50 years of experience are 
constantly on tap to help solve new problems 
of research and reliability. 

Achievements in the conquest of space 
are events of personal fulfillment for Hercules 
specialists in space technology. Opportuni- 
ties for a rewarding career in this exciting 
field are offered to those who qualify. 
Explosives & Chemical Propulsion Depart- 
ment, Hercules Powder Company, Wilmington, 
Delaware 19899. 


HERCULES POWDER COMPANY 


INCORPORATED 


EQUAL OPPORTUNITY EMPLOYER 
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IAF Stresses More Cooperation 


Warsaw—Pleas for international 
cooperation in space so that it can be 
peacefully exploited for the good of all 
nations ran like a thread through the 
week-long technical sessions of the 
Fifteenth Congress of the International 
Astronautical Federation. 

The Congress, which ended last Sat- 
urday, was attended by more than 500 
space scientists representing worldwide 
research institutions and astronautical 
societies. Reflecting the high interest of 
the Eastern countries, the Soviet dele- 
gation alone included more than 70 
members and ranked almost in size with 
those of the United States and Poland. 

The need for international coopera- 
tion was evidenced not only in the 
papers presented on communications, 
geodetic and meteorological satellites, 
education and space law, but also in 
private coversations among the partici- 
pants. 


British-French Missile Deal Confirmed 


AN ANGLO-FRENCH §agree- 
ment has been signed for the develop- 
ment of a new air-launched missile 
for the British TRS-2 and the French 
Mirage IV_ supersonic, strategic 
aircraft. Primarily an  anti-radar 
weapon, the missile has been desig- 
nated the AS-37. 

Range of the missile is expected 
to be about 28 mi.—determined pri- 
marily by the television guidance 
system to be used. An unspecified 
guidance scheme could be used to 
boost this range to 100 miles, an 
unofficial source told Missiles AND 
ROCKETS, 

British officials have stressed that 
the new missile will have a conven- 
tional warhead. However, French 
Officials say that an interchangeable 
nuclear warhead will be optional. 

Development costs are placed at 
$40 million dollars for each coun- 
try over a period of seven years. Ini- 
tial operational date for the air-to- 
surface missile is to be the early 
1970’s. Hawker Siddeley Dynamics 
and Engins Matra will develop it. 

Considerable confusion erupted 
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@ U.S.-Polish cooperation—The in- 
terest of the U.S. in cooperating in the 
peaceful exploration of space was af- 
firmed by Rep. George Miller (D- 
Calif.), chairman of the House Com- 
mittee on Science and Astronautics. He 
told MissILEs AND ROCKETS in an ex- 
clusive interview that “the U.S. would 
be happy to open up negotiations with 
Poland on space projects.” Miller and 
Rep. Alphonzo Bell (R-Calif.), mem- 
ber of the Space Committee, attended 
the IAF Congress “to get first-hand in- 
formation about the international prob- 
lems of space exploration and how they 
will affect U.S. policies and programs.” 

Miller said one way to work with 
Poland would be for Polish scientists to 
prepare experiments for U.S. satellites, 
and then, if the experiments are ac- 
cepted, to reduce the data consequent 
upon them and share it. This is one way 
the U.S. works with countries such as 


over the joint venture when a Labor 
Party member of Parliament re- 
vealed that negotiations were being 
conducted. A political thrust at the 
Conservative government, the state- 
ment charged that “it is very im- 
proper for the government during its 
last few weeks of life to commit” it- 
self to a $280-million expenditure 
which is what the labor spokesman 
claimed would be the development 
cost. Labor Party officials indicate 
that the agreement will be an elec- 
tion issue and will receive “careful 
scrutiny” if they come to power. 

® Missile characteristics—Basic- 
ally, the system appears to be an 
improved version of the AS-30 air- 
to-surface missile. Britain has al- 
ready ordered some of these weapons 
from Nord Aviation and plans to 
use them on Canberra bomber squad- 
rons. 

The AS-30 has a range of six 
miles and carries a 550-lb. conven- 
tional warhead. Guidance is pro- 
vided by the pilot after launch, 
through a high-frequency radio link 
with the missile. 


the United Kingdom, France and ay 

@ Helium-oxygen—Soviet scientists 
revealed some details of their programs 
aimed at finding out the long-term ef 
fects of artificial atmospheres on organ= 
isms. In particular, a Soviet paper o 
the effects of a helium-oxygen atmo 
phere “indicates the Russians have done 
a great deal more testing work in this 
field than we have,” W. M. Helvey, head 
of bioastronautics, Lockheed Missile: 
and Space Co., observed. 

The merit of helium is that during 
decompression it will not form bubbles: 
in the blood as quickly as nitrogen. This 
is an obvious advantage for astronauts 
because of the problem of “bends.” 

The senior author of the paper, Aj 
G. Kuznetsov of the Soviet Academy 
of Sciences, described two experiments 
in which one man spent 10, and another 
man 25, days in an enclosed cabin holds 
ing a helium-oxygen atmosphere at 
normal barometric pressure. 

Both men found that the cabin tem= 
perature, though comfortable when they 
were breathing air, was too cold when 
they breathed the artificial mixture. The 
reason for the discomfort was that h 
lium conducts heat faster than nitroge: 
and thus cools the body. sf 

Specifically, Kuznetsov said th 
men were normally comfortable 
24°C. In the helium-oxygen atmospher 
the temperature for comfort during thi 
day had to be raised to the region of 
24.5° to 27.5°C. At night, the temperas 
ture had to be raised a further 1.5°. 

There were essential alterations i 
the Russian subjects’ speech, Kuzne ‘ 
sov reported. It was disturbed and the 
pitch went up 0.7 octave. He concluded ; 
however, that his work indicates matt 
can breathe a helium-oxygen atmos# 
phere without ill effects for upwards of ‘ 
25 days and possibly for prolonged trips 
in space. { 

' 
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U.S. researchers have reported that 
mice survived somewhat longer in | 
helium-oxygen mixture than in oxygens 
nitrogen, It is said that this could havé 
resulted because more oxygen may bé} 
stored in tissues saturated with heliun ! 
than with nitrogen (M/R Aug. 3, p 
32). 

This theory was not confirmed b 


Kuznetsov said. 
@ Low-gravity—tTelling M/R 


some of the Soviet work in low-gravity 
experiments, P. K. Isakov of the So- 
viet Academy of Medical Sciences said 
that reduced g-values are sufficient to 
obtain normal bodily functions for long 
periods of time. This conclusion, Isakov 
said, is based on Soviet experiments by 
E. M. Jugan of the Academy, in which 
animals were subjected to 0.28-g and 
0.35-g by means of flight experiments. 

@ Ranger photos—The most heavily 
attended meetings were those at which 
W. H. Pickering, director of Jet Pro- 
pulsion Laboratory, showed slides taken 
by Ranger VII of the lunar surface and 
a film made up from these slides, and 
Herbert Butler, associate chief for proj- 
ects, Aeronomy and Meteorology Div., 
Goddard Space Flight Center, showed 
the first photographs taken by the Gen- 
eral Electric-built Nimbus. 

The advanced vidicon camera sys- 
tem (AVCS) on Nimbus can achieve 
ground resolutions between %4 and 
Y mi., Butler said. He noted that the 
system calibrates light intensities. The 
high-resolution infrared (HRIR) pic- 
tures presented by Butler were studied 
intensely by the participants, particu- 
larly by the Soviets. 

Butler observed that these pictures 
are comparable to the medium-resolu- 
tion pictures taken by RCA’s Tiros. The 
HRIR pictures were shot over a narrow 
band in the 4-micrometer region. This 
is known as a window in the atmosphere 
and is not bothered by water vapor, 
carbon dioxide, ozone or other such 
variations in the atmosphere. Relatively 
high concentrations of water, however, 
such as occur in clouds, close the win- 
dow. 

Butler said the HRIR system gives 
about a 4-5-mi. resolution of objects 
on the ground. 

The IR sensor is a lead-selenide de- 
1 tector, radiation-cooled to about —74°C. 

The high interest of Soviet scientists 
in radiation work in connection with 
meteorology was further illustrated by 
the emphasis they gave the subject in 
the meteorological satellite sessions. 

On the other hand, a United King- 
dom paper dealt with ways to determine 
efficient meteorological satellite orbits. 
A Polish paper discussed the photo- 
grammetric refraction angle. H. Crane, 
a General Electric Co. scientist, out- 
lined the role of satellites in oceanog- 
raphy. . 

@ Buoys and satellites—Crane sug- 
gested using buoys implanted at stra- 
tegic spots in the ocean to measure cur- 
rent flows, temperature, pressure, hu- 
midity, sea state and salinity. 

Stored by the buoys, this informa- 
tion would subsequently be gathered by 
satellites as they passed within range, 
and later relayed to stations on Earth. 

Crane further suggested that the 
satellite might be able to measure di- 


tectly some ocean parameters—such 
as temperature. This idea was ques- 
tioned, however, in view of the difficulty 
of correcting for the variations in the 
atmosphere and its constituents. 

Commenting to M/R about the pos- 
sibility of using a satellite to collect 
data from Earth, Butler said Goddard 
is studying the possibility of loading 
the recording systems of meteorological 
satellites with synoptic data to superim- 
pose on transmitted meteorological pic- 
tures. 

“It is one of the many things con- 
sidered for Nimbus,” he said. 

Butler explained that such synoptic 
data could include nephanalysis, pres- 
sure maps and any other net informa- 
tion, such as latitude and longitude of 
the pictures, of interest to Earth sta- 
tions. 

@ World system needed—Tying to- 
gether the papers on geodetic satellite 
systems was the expressed need to set 
up a uniform world geodetic system by 
means of artificial satellites. 

One of the technical problems in 
determining geodetic positions by means 
of satellites, however, is the uncertainty 
of the actual position of the geodetic 
satellite in space during the time the 
measurements are made. 

This was brought out by E. S. Keats, 
project manager of navigation and sur- 
veying systems, Westinghouse Electric 
Corp., who said all present-day sys- 
tems suffer from this deficiency. 

To overcome the problem, Keats 


suggested the “relative position tech- 
nique,” a new method that ‘‘compensates 
for the uncertainty in satellite position.” 
This is done, according to Keats, by 
using a reference station along with 
the station whose geodetic location is to 
be determined. 

“The two stations make intervisible 
measurements of the Doppler shift of 
radio signals from a satellite.” said 
Keats. “The reference station must be 
located at a first-order survey point in 
an established datum, but it may be 
widely separated and even at a different 
elevation from the station whose geo- 
detic position is to be determined.” 

Measurements of the Doppler shift 
of the radio signals from the satellite 
are made at both stations during a com- 
mon interval of time. Then, by making 
certain atmospheric corrections and 
comparing the actual with the calculated 
position of the reference ground station 
with respect to the satellite, the co- 
ordinates of the unknown station can 
be found. 

Keats said that in one test of the 
system, “the location of the unknown 
station was determined to within 1.5 
meters of its true value.” A contract 
to make measurements to establish the 
accuracy of the technique under vary- 
ing conditions such as distance between 
stations, satellite path orientation with 
respect to the stations, and atmospheric 
changes is now being negotiated be- 
tween Westinghouse and the U.S. Army 
Engineers. a 


Preparing for the Worst from Hurricane Dora 


DELTA VEHICLE was one of five rockets removed from launch stands at Cape Ken- 
nedy last week when Dora aimed toward the area with winds up to 130 mph. Only 
Saturn SA-7 was left on pad within gantry. However, main storm changed course and 
apparently little damage was done and little delay caused in NASA’s pending schedule. 
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professionals outdone? .. . 


Experts Say Rise in ComSat Stock 
Due to Scarcity, Shortsightedness 


New YorkK—Communication Satel- 
lite Corp. stock, which has more than 
doubled in price since its initial offering 
to the public in June, continues its up- 
ward movement. But some professionals 
say it’s happening for the wrong reasons. 

It is now viewed in some quarters 
as a very sound long-term investment 
judged on its own merits. The major 
reason its price has moved so rapidly 
to high ground, however, is basically 
an amazing scarcity of shares for daily 
trading—in combination with some 
rather short-sighted short-selling of the 
issue based in large measure on early, 
perhaps overly pessimistic, views of its 
likely performance. 

“The instinct of the public, in this 
case,” says George P. Edgar of the 
security consulting firm of the same 
name, “has operated better than that 
of Wall Street. For the most part, pro- 
fessionals have missed ComSat and the 
public took the ball and ran.” 

@ Who has bought—To understand 
the reasons behind ComSat’s very young 
pricing history it is necessary first to 
view its extraordinary cross-section of 
investors. 

ComSat has sold 10 million shares, 

half to the common carriers in the field 
and half to the public. Concerning those 
in the hands of the public, Edgar points 
out that “never in the history of the 
securities business has there been such 
a successful, widespread distribution of 
stock in a corporation’s initial financ- 
ing.” 
As of July 31, ComSat reported that 
130,000 individual stockholders had 
stock registered in their names, with an 
average of 27 shares each. This is 70% 
of the outstanding 5 million shares. In 
addition, another 50,000 individuals 
hold ComSat under their broker’s, or 
so-called “street name.” 

Thus, if this latter group holds even 
10 shares each, at least 80% of the out- 
standing 5 million public shares are 
represented by the odd-lot (less than 
100 share) buyers, who, as Edgar points 
out, “are generally tenacious, long-term 
investors.” 

A large amount of this stock has 
been bought and put away by the small 
investor who has a “feeling” about 
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by Michael Getler 


ComSat and what it will buy in the 
very long term. 

The implication of the breakdown of 
ownership is that the company’s sup- 
ply of stock is extremely limited and 
its future price will always reflect this. 

@ Pain for pros—Failure of Wall 
Street to understand the attractive fun- 
damentals of ComSat, and the failure 
to question the very low-key ComSat 
prospectus, explains Edgar, prompted 
many professionals, particularly over- 
the-counter brokers where the stock was 
originally sold, to sell the shares short— 
that is, to sell shares that they did not 
actually have possession of. 

With a strong demand from small 
investors and greater-than-anticipated 
activity among some of the institutions 
(probably also spurred by the attractive- 
ness of ComSat to the small investor) 
the price of the issue rose, forcing the 
short-sellers to pay substantially higher 
covering prices for the issue, which was 
in short supply to begin with. At least 
one over-the-counter firm, Edgar re- 
ports, has ceased operating as a result 
of a large loss in handling ComSat. 

Edgar—whose business is primarily 
in advising institutions and who has 
strongly recommended ComSat—says 
further buying of ComSat by institutions 
is another factor which could cramp 
the supply of “floating” stock, now con- 
servatively estimated to be less than 
one million of the original five million. 
At least five major investment funds are 
believed to have already made com- 
mitments in ComSat—they include the 
Energy Fund, Fidelity Capital, TV Elec- 
tronics, Ivest Fund of Boston (one of 
last year’s top performers) and the 
A. W. Jones professional fund. 

@ On the floor—The small investor 
and institutional interest in ComSat is 
expected to heighten still further now 
that the listing has moved to the New 
York Stock Exchange from its previous 
over-the-counter status, with which 
most investors are far less familiar. 

With the big-board listing which be- 
gan last Tuesday, ComSat will also come 
under greater contro] than it had over- 
thc-counter. For one thing, all mem- 


ber firms of the NYSE must report their 
short-selling positions every month. No 
such requirement exists over-the-counter. 
For another, the NYSE can suspend 
trading in the issue temporarily in order 
to allow sell orders to come in in re- 
sponse to new bids; this keeps down 
radically fluctuating prices which no 
one connected with ComSat seems to 
want. 

The job of specialist handling Com- 
Sat on the floor of the exchange has 
been handed to the Broad Street firm 
of Picoli, Caulfield and Co. Part of 
the specialist’s job is to insure a smooth 
matching of buy and sell orders. How- 
ever, some observers point out that 
again the scarcity of ComSat stock may 
make it difficult for specialists, who 
sometimes have to sell short in order to 
meet demand. 

@ Coming stimuli—While more hard 
facts on ComSat are still awaited, there 
are three events in the near future which 
will again focus interest on it and may 
cause a price stir. 

One is the firm’s first stockholders’ 
Meeting, slated for Washington on 
Thursday. Another is the expected at- 
tempt to televise the Olympics from 
Japan via the Hughes Syncom III satel- 
lite, which while not designed for TV, 
is generally associated with ComSat’s 
coming Early Bird satellite. 

The third significant date will come 
early in December, six months and one 
day after the initial ComSat issue. On 
that date holders of the stock since its 
issuance can sell and pay only a capital 
gains tax rather than the higher tax 
structure which accompanies shorter- 
term holdings. 

@ Growing backing—The number of 
individuals and firms who are overtly 
bullish about ComSat is still small, but 
increasing. 

For example, Shields and Co., in an 
optimistic report issued in July, became 
the first prominent member firm (and 
remains the only one) to deliver a 
strong recommendation for ComSat to 
its clients. 

The things that Shields, Edgar Asso- 
ciates and some other supporters are 
saying about ComSat’s real value 
amount to this: 
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ComSat is far less speculative than 
its original billing. In fact, Edgar calls 
it “the bluest of the blue chips’”—with 
blue-chip customers and management 
from blue-chip companies, the prestige 
of the U.S. firmly committed to its suc- 
cess, and the benefits of a dynamic 
technology (not to mention several 
hundred million dollars in free R&D 
absorbed by DOD and NASA in the 
development of these satellites). 

The ComSat prospectus, which had 
to be conservative in order to protect 
the small, unsophisticated investor, was 
actually misleading, according to Edgar, 
because it Overstated the risks and un- 
derstated the company’s attractive fun- 
damentals, Most professionals, says Ed- 
gar, went no further than the pros- 
pectus, while there were volumes of 
Congressional testimony available which 
did indeed point to the attractive basics. 

In support of his argument, Edgar 
says the prospectus did not indicate that 
substantial agreement had been reached 
on the international consortium, which 
was signed seven weeks after initial is- 
sue (M/R, Aug. 3, p. 14). The exten- 
sion of ComSat to a virtual worldwide 
charter was a key question for many 
investors. Edgar argues that these things 
don’t happen overnight and that some 
indication of the likelihood of agree- 
ment should have been given. 

As an offshoot of this development, 
ComSat was underwritten by an addi- 
tional $78 million in foreign investment, 
which has put the corporation in what 


Edgar considers to be a very favorable 
cash position. 

The prospectus also failed, Edgar 
says, to acknowledge the existence of a 
large number of engineering reports 
which pointed to a much earlier profita- 
ble picture (before 1968) than most 
observers believed possible. Also, the 
high probability of launch vehicle suc- 
cess was not indicated strongly, he told 
M/R. The Shields report also states that 
the problems of unsuccessful launching 
have been overemphasized. 

@ Glamor/growth seen—Regarding 
the profit picture, the Shields report says 
ComSat could be generating revenue at 
a significant rate by late 1965 through 
its Early Bird system. However, it adds, 
significant profits are unlikely before 
the installation of the second-generation 
system in 1966. Shields also estimates 
that ComSat will earn a rate of return 
on its investment of close to 10%, that 
its per-share earning could range to $5, 
and that the investment capital base will 
be an expanding one for some time. 

Though not in the short-term situa- 
tion, Shields reports, “as a long-term 
holding, ComSat common seems to offer 
the promise of substantial capital ap- 
preciation.” 

Edgar, seeing ComSat with an ex- 
clusive global franchise, believes the 
stock will sell at least 50 times earnings 
by 1970, earning between $3-5 per share 
with a price range of $150-250 per 
share. (Current glamor/growth stocks 
sell between 30-50 times earnings). Ed- 


gar sees the favorable cash position al- 
lowing ComSat to pay out a large part 
of its earnings in currency, something 
which has considerable appear to the 
growing list of foreign investors. 

Edgar Associates and Shields both 
note the prospect for early revenues 
even with the Early Bird system. Edgar 
says revenues from EB-/ could be in the 
neighborhood of $35 million by early 
1966. AT&T has already said it will 
lease 100 channels; observers believe 
the government will lease several for 
administrative communications. 

In addition, other common carriers 
are viewed as certain to lease channels. 
Shields estimates that ComSat revenues 
from the two-satellite, 480-channel 
Early Bird system will approach $100 
million if fully utilized. 

@ Overly economical?—The econ- 
omies of communication satellite oper- 
ation in comparison to cables “are al- 
most frightening,” says Edgar, who 
cites this as a major item which has 
also escaped many professionals. 

The cost per voice-channel-mile via 
a ComSat has been estimated at between 
$25-50. The figure relating to TASI- 
assisted submarine cable are three times 
greater, according to informed sources. 

In fact, Edgar notes, regulation of 
ComSat, which is still not completely 
established, will be employed more to 
establish a floor under its rates rather 
than a ceiling on them. This will be 
necessary, he says, to protect the high 
investment in submarine cables. al] 


Unique Lava Tests Show Need for Apollo Suit Changes 


TESTS in the lava fields of Oregon 
have revealed the need for three im- 
provements in the Apollo spacesuit, 
while reassuring engineers on its overall 
technical feasibility. 

NASA officials said following the 
tests that: 

—Hip joints of the suit must give 
greater mobility to allow astronauts to 
step over or onto rocks and higher 
ground. 

—Ventilation flow to the head area 
must be increased to speed the astro- 
naut’s personal heat removal and pre- 
vent fogging the visor. 

—tThe helmet must provide better 
downward visibility, particularly for 
rough terrain, because the prototype 
Hamilton-Standard suits keep the astro- 
naut looking two or three steps ahead. 

These were the conclusions of Earl 
La Fevers, test director for the Manned 
Spacecraft Center’s Crew Systems Divi- 
sion. The suit was tested by MSC engi- 
neers and astronaut Walter Cunningham 
over beds of pumice, basalt and obsidian 
lava near Bend, Ore. 

@ Easy Going—Mobility on level 


ground was better than expected, La 
Fevers said. The men were able to walk 
at about 2.6 mph under pressurization. 
(Normal walking permits travel at about 
4 or 5 mph.) 

Climbing slopes as great as 30 de- 
grees will not prove too difficult. Engi- 
neers climbed one 30-degree slope over 
40 ft. of rocks and boulders in 12 min- 
utes. 

Astronauts descending into craters 
probably will carry a rope with them 
and attach it to rocks at the rim of the 
crater, La Fevers speculated. They 
would use the rope to climb back up to 
the rim, he said, because of the relative 
ease in climbing up with the rope. In 
the tests climbing time on the 30-degree 
slope dropped from 12 minutes to 3 
minutes when the man could hold onto 
the rope and pull himself forward. 

@ Outer suit—Some design changes 
are due also for the bulky “thermal 
overgarment” designed to insulate as- 
tronauts from the Sun’s heat and to slow 
down micrometeorites. The thermal 
garment worked well, but when zipped 
up around the man’s head, it leaves only 
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a slit for the eyes, reducing visibility. 
Mittens for the garment proved too 
bulky for any work requiring manual 
dexterity, La Fevers said, and the mate- 
rial was too slick for gripping small ob- 
jects. 

The 40-Ib. back pack carrying the 
portable life support system should be 
contoured more closely to the astro- 
naut’s back, La Fevers said. 

Climbing the rocky slopes proved 
easier than anticipated. Falls and slips 
were few, he said, and in most instances, 
the man fell to his knees and rose with- 
out difficulty. Astronaut Cunningham 
was the only man to fall completely 
and roll down the slope. 

A device officially dubbed the “luna- 
walker” proved the astronaut’s best 
friend for traversing moderately rocky 
ground and crossing crevasses. Designed 
by Jack Eggleston, head of the Space 
Environment Division, the walker re- 
sembles those used by babies, cripples 
or the elderly. Made of aluminum tub- 
ing, the walker consists of four legs at- 
tached to a wrap-around frame. It 
weighs less than 10 Ibs. || 
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Some changes made . 


SA-7 Carrying 
Apollo Boilerplate 


THE SPACE AGENCY this week 
will attempt to launch its seventh Saturn 
I booster on an R&D flight test which 
will place a boilerplate Apollo Com- 
mand and Service module in low-Earth 
orbit. 

The flight is scheduled for no earlier 
than Sept. 17. If successful, it will put 
its 36,700-lb. payload into an orbit with 
a perigee of 115 statute mi. and apogee 
of 135 statute mi. 

All six previous launches in the 
R&D program have been successful. 
Following SA-7, three other Saturn I 
vehicles will be used to launch a large 
meteoroid detection satellite called 
Pegasits. 

Although similar to the flight plan 
for SA-6, the seventh Saturn vehicle 
will have several minor changes, in- 
cluding the first full-time control of the 
vehicle by the ST-24 guidance system 
platform. 

Other changes include: 

@ The first-stage cut-off system has 
been improved so that less propellant 
will be left in the tanks. The lighter 


New Apollo Contracts Total More Than $566 Million 


THREE NEW Project Apoilo 
contracting actions totaling $566.4 
million have been announced by 
NASA and the Navy Dept., with the 
bulk going to North American Avia- 
tion, Inc.’s Space & Information Sys- 
tems Div. for a $496-million nine- 
month extension of its work as prime 
contractor for the three-man space- 
craft. 

Another  contract--valued at 
$64.9 million—was awarded by the 
Bureau of Ships to General Dynam- 
ics/Electronics, Rochester, N.Y., for 
the conversion of three World War 
II tankers into Project Apollo track- 
ing ships. 

Sperry Rand also received $5.5 
million for installation of navigation 
systems on the ships. 
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weight should in- 
crease vehicle per- 
formance. The cut- 
off system utilizes 
liquid-level sensors 
in the four outer 
tanks. When the 
propellant level 
lowers to any one 
of these sensors, 
the cut-off se- 
quence is initiated 
by the guidance computer. 

On SA-7, the four liquid-level sen- 
sors have been placed lower, allowing 
more complete propellant consumption. 
About 8,500 Ibs. of propellant is ex- 
pected to remain in the tanks and pro- 
pellant lines at cut-off, compared with 
about 14,000 Ibs. on SA-6. 

@ Changes have been made to the 
S-IV second stage’s propellant venting 
system in order to reduce the payload’s 
spin and tumble rate in orbit in prepara- 
tion for the later flights of the Pegasus 
satellites on Saturns 8, 9 and 10. 

Previously, liquid hydrogen and liq- 


The NAA extension brings the 
total value of its contract to $1.436 
billion, more than three times the 
NASA estimate when the work was 
announced in December, 1961. 

The extension calls for five addi- 
tional flight Apollo Command and 
Service modules, one additional flight 
boilerplate spacecraft and one more 
full-scale mockup to be built at the 
Downey, Calif., plant. It also in- 
cludes the building at NAA’s Tulsa, 
Okla., plant of nine adapters to house 
the Apollo Lunar Excursion Modules 
aboard the Saturn V booster. 

The contract now runs through 
Feb. 15, 1966. It will provide the 
Manned Spacecraft Center with 14 
spacecraft, 16 boilerplate spacecraft, 
10 full-scale mockups, five engineer- 


APOLLO Command Module boilerplate being mated to Saturn 
SA-7 booster at Complex 37, Cape Kennedy. 


uid oxygen residuals have vaporized dur- 
ing orbit and escaped through a single 
vent in each system. In the vacuum of 
space, this venting has had a minor pro- 
pulsive effect which induced roll rates 
detrimental to the large-wingspan me- 
teoroid satellites. 

Non-propulsive venting systems have 
now been devised. LOX and liquid hy- 
drogen will each have two vents, lo- 
cated 180 degrees apart. 

@ The eight H-1 engines in the 
booster use for the first time an im- 
proved gear box, known as the Mark 
III H, and improved LOX domes. | 


ing simulators and two mission simu- 
lators. 

It also provides for test fixtures, 
test operations, monitoring and ana- 
lyzing flight and test information, 
and other engineering and manage- 
ment tasks necessary for manufactur- 
ing and checkout operations. 

Much of the GD/E work will 
involve the installation of electronic 
tracking gcar on board the ships. 
The tracking equipment is being pro- 
cured by the space agency’s Goddard 
Space Flight Center. 

The firm will also cut the ships in 
half and add a new mid-body to 
make room for the tracking gear. 
Work will be done at the General 
Dynamics/Electric Boat, Fore River 
Shipyards, Quincy, Mass. 
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Jossible all-Army system... 


Martin Gets Award for Further Work 
On Random Access Discrete Address 


Division reported also working on similar system for Air Force; 
DOD decision on operational use awaits evaluation at Huachuca 


by Charles D. LaFond 


ORLANDO, FLA.—RADA, a Random 
.ecess Discrete Address tactical com- 
lunications system, will undergo fur- 
1er development for the Army by 
fartin Company’s Orlando Division. 

Under a $40,000 contract recently 
inounced by the U.S. Army Electronics 
aboratories, Fort Monmouth, N.J., 
fartin will continue its R&D program 
arted in March, 1963, and refine its 
esign for the portable/mobile field 
dio telephone system. In the earlier 
rogram, Martin, Radio Corp. of Amer- 
a and Motorola, Inc., were each given 
2-million contracts by the Army to per- 
orm. feasibility studies and produce a 
asic hardware design for a highly ad- 
anced field communications system. 

Following the 12-month contracts, 
{artin was ultimately selected to con- 
nue with RADA for possible future 
e throughout the Army. Reportedly, 
e division is developing a similar sys- 
m for possible use by the Air Force 

aD emergency air-to-ground com- 
nications system. 

A decision to develop the system 

T operational use apparently has not 
t been made by the Dept. of Defense. 
is will probably depend upon com- 
letion of the current contract and test 
nd evaluation of the system by the 
my at its Fort Huachuca, Ariz., Elec- 
onics Proving Ground late next year. 
_ @ Armny requirements—RADA was 
eveloped to meet Army requirements 
or a secure, reliable and relatively easy- 
)-operate field communications system 
or use within a deployed infantry divi- 
on. The area of coverage is roughly 
rectangle 48 x 125 kilometers. 

Individual radio transmitter design 
equirements called for a peak power 

20 watts, operation in the 300-400- 
c frequency band and a nominal line- 
-sight operating range of 10 km. 

The system had to be capable of 
ndling 3,400 subscribers per division, 
0 simultaneous transmissions and pro- 
de means for voice, data, teleprinter, 
d slow-scan video operation. 


HANDSET, developed by Martin Co.’s Orlando Div. for use with RADA field com- 
munications system, is provided with complete push-button dialing. Lower section in- 
cludes buttons for general alert, command override, normal call and conference call. 


® Martin RADA system—Martin’s 
prototype employs an automated, com- 


- puter-controlled dial system. The com- 


puter logic permits automatic sequential 
search for intermediate radio relay to 
the addressee. 

The hand set used for voice trans- 
mission and reception is provided with 
a complete push-button dial for address 
numbers and for command override, 
general alert and conference calls. 

Twelve channels are reserved for 
artillery-support communications. 

In operation, the system produces a 
busy signal if the address is already in 
operation, thus preventing accidental or 
intentional eavesdropping by friend or 
foe. During a command override, the 
addressee is notified visually and audibly 
of the impending call and is given 10 
seconds to complete his current conver- 
sation before override occurs. 

Crosstalk is avoided normally by 
the computer selection of circuits from 
6 to 8 channels apart. System design, 
said Martin, also avoids multipath and 
backscatter signal degradation. 

In addition to the basic subscriber 
field radio set, the RADA system would 
employ widely dispersed retransmission 
units. When two communicators are 
within radio range of their individual 
sets, conversation is direct. When be- 
yond normal range or if RF interfer- 
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ence jams the signals, the automatic se- 
quential search routing technique comes 
into play. A search is made by the sys- 
tem for the best transmission path using 
the best available frequency to assure 
high transmission fidelity. 

Also, if during a transmission con- 
tact is lost because of terrain interfer- 
ence or distance, the caller need only 
re-dial his addressee and the system will 
introduce a new channel or path to re- 
connect the circuit. 

© Operational designs—The system 
now under design by Martin will pro- 
vide a portable or mobile set for voice 
use weighing less than 35 Ibs. It will 
be self-contained and carry a battery. 

Electronics will employ integrated 
circuits and modular construction for 
ease in field repair. Cost of the indi- 
vidual sets, said a Martin official, will 
be about equal to that of an AN/VRC- 
12 field radio set. 

For other transmission modes, 
adapters and other equipment will be 
added to the basic radio set. 

Operator training is expected to be 
minimal. Operation of the set can be 
learned easily with an hour of field use, 
and second echelon maintenance can 
be taught within an equally short time. 
Module replacement will probably be 
handled by third or fourth echelon 
maintenance personnel. | 
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Theory, study, practice... 


What Boeing is do 


its SPACE RESEARCH LABORATORIES: 


Space 
Simulation 


sing projected tele- 
ision pictures of the 
mMoon’s surface and man- 
al controls that operate 
through a computer, 
Rerospace pilots simu- 
ate lunar landings and 
akeoffs, and re-entry 


nto the earth’s atmos- 


here.This advanced 
oeing simulator (shown 
At left) has already been 
sed in the astronaut 
raining program. 


Microelectronics 


To develop microminia- 
ture circuitry for mis- 
siles and space vehicles, 
Boeing people are work- 
ing with circuits so thin 
a thousand hardly equal 
the thickness of a safety 
razor blade. Microelec- 
tronics research, and 
other space-oriented 
programs, will be 


Space 
Environment 


Boeing’s space environ- 
ment laboratory will 
house 11 vacuum cham- 
bers that duplicate the 
extreme cold of outer 
space, solar radiation 
and vacuums equivalent 
to those found 600 miles 
above the earth. One of 
these advanced cham- 
bers will be big enough 
to test future manned 
spacecraft. 


Exotic Metals 


The materials and proc- 
esses laboratory is con- 
tinuing Boeing studies 
of lubricants, ablatives 
and super alloys for use 
in outer space. Typical 
of Boeing advances in 
this field is pioneering 
research in the adaption 
of such exotic metals as 
molybdenum and co- 
lumbium for utilization 
in space vehicles. 
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Space Technology Missiles Military Aircraft Systems + 707, 720 and 
727 Jetliners » Systems Management + Helicopters - Marine Vehicles 
e Gas Turbine Engines « Also, Boeing Scientific Research Laboratories 


housed in Boeing’s new 
Kent research center. 


CHARGI 
craeoe roost AMPLIFIEE 


MODEL 264! 
ENDEVCO CORPORATION 


seed PERFORMANL 


at HMITTTEE 
FOLLOW EI 


wow PRICE 


dynamic instrumentation > 


Endevco’s new CHARGE FOLLOWER provides Combine the 2641 CHARGE FOLLOWER w 
cleaner, more accurate signal data from any piezo- any of a wide range of Endevco Charge Accel 
electric transducer. Gain accuracy, frequency ometers and the system gives you 2 to 125 mv 


response and signal-to-noise ratios cannot be output. Change the cable length, if you need 


matched by old fashioned cathode followers or and the system sensitivity is NOT AFFECTE 
emitter followers. The MODEL 2641 CHARGE 

FOLLOWER is small and rugged with all-welded Then look at the low cost of the 2641 — $350 
construction and operates on unregulated 28 volt and over). Use the savings to improve other pa 
DC power. of your measurement system. 


Your field engineer can tell you about the successes of charge amplifiers in 
established Airborne and Spaceborne Programs. For complete product 
specifications ask for Bulletin 211-76. 
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Crackdown on Employee 
Welfare Programs Sought 


Committee cites vague wording of ASPR’s allowing 
losses to be passed on to Government; ten leading 


contractors scrutinized; 


A CONGRESSIONAL investigating 
subcommittee has asked the Dept. of 
Defense to change its contracting pol- 
ey and Armed Services Procurement 
Regulations (ASPR) provisions regard- 
ng contractors’ employee health and 
recreation expenses. 

The House Armed Services Special 
[Investigating Subcommittee headed by 
Rep. Porter Hardy, Jr. (D-Va.) called 
for the setting of penalties aimed at dis- 
souraging defense contractors from in- 
sluding in overhead or elsewhere items 
which come within categories which are 
not allowable as items of cost. 

These specific recommendations 
were also made: 

—Insure that Government auditors 
review the operations of employee wel- 
fare organizations to establish that the 
funds turned over to such organizations 
Jo not exceed the amounts needed to 
jefray the costs of reasonable and 
worthwhile activities. 

—Require defense contractors to 
inance employee welfare organization 
Stograms out of pocket, and apply 
vending machine receipts in their en- 
‘irety as an offset on a pro rata basis 
‘0 related allowable costs of contracts. 

—Apply alli food service profits to 
ill food service losses. 

_ —Establish coordination, education 

ind training programs to resolve diver- 
ent views of resident auditors and con- 

Tact negotiators on allowability of 
charges. 

| Initiate rotation policies for nego- 
iators and resident auditors limiting the 

our of duty at one location. 

_ Prohibit reimbursement of con- 


DOD has taken some action 
by Heather M. David 


tractors for food services losses when 
the service is intentionally operated on 
a less-than-breakeven basis. 

—Require defense contractors to 
maintain accounts in such a fashion as 
to make available to Government audi- 
tors full disclosure of all morale and 
recreation expenses. 

Some steps already have been taken 
by DOD. In a letter to the committee, 
Deputy Assistant Secretary of Defense 
(procurement) Graeme C. Bannerman 
said that instructions have been issued 
for increased staff training. 

DOD has also initiated action to see 
that income from vending machines and 
similar activities should be treated as a 
credit to the overhead accounts of the 
contracts for contract cost allowance 
purposes. In addition, the Department 
has started action to provide ASPR lan- 
guage which would disallow planned 
losses on food services activities as 
contract costs. 

e Lack of consistency—The com- 
mittee said that among the 28 contrac- 
tors (at 36 locations) examined, the em- 
ployee morale and recreation activities 
were so diverse that no pattern was ap- 
parent. Some of the $6 million worth 
of activities charged by these contrac- 
tors in the 12-month period were di- 
rectly financed, while others were in- 
directly financd—for example, by con- 
tribution of vending machine profits to 
the employee welfare organization. 

The report stated that losses in food 
services were charged to the Govern- 
ment, except in a few cases, while prof- 
its from vending machines were turned 
over to the employee organizations. In 
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Details of Atlas/Centaur/ 
Surveyor in Combination 


FIRST RELEASED drawing of At- 
las/Centaur/Surveyor combination, 
from General Dynamics/ Astronaut- 
ics, maker of both the Atlas booster 
and Centaur high-energy liquid- 
fueled upper-stage vhicle. Surveyor 
spacecraft is in protective nose fair- 
ing atop the Centaur. 
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The Nose 
Gets Hot 
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_ The front-end heat transfer problems of hypersonic flight — nose cone 


configurations, spacecraft designs, ablative cooling methods—are studied 
in many laboratories. Aside from extensive programs in these well-publi- 


cized areas, however, Cornell Aeronautical Laboratory plays a leading 


role in solving the equally important but less understood problem at the 
other end of the missile: the destructive heating of the missile base. 


The possible result of radiation, external burning of fuel-rich mixtures, 
and interaction and reverse flow of exhaust gases, base heating of rocket 
vehicles at high altitudes has been recognized as one of the major causes 
of mission failures. 


Extensive Cornell Aeronautical Laboratory experience in shock tube tech- 
nology bas been adapted to this problem, with particular emphasis on the 
NNASA/Marshall Space Flight Center Saturn program. CAL’s researchers 
duplicate rocket motor operations at model scale through a pressure altitude 
ranging from sea level to 350,000 feet. Variations of base beating with 
Reynolds number have been investigated and base recovery temperatures 
determined, Resulting data bave been highly significant in the design and 
subsequent successful flight testing of Saturn stages. 


This applied hypersonics project is only one of the areas of research in 
which CAL’s technical staff is leading the way. 


Others include computer sciences, applied physics, electronics, operations 
research, aerodynamic research, flight research, applied mecbanics, vehicle 
dynamics, life sciences, and systems research. If your experience qualifies 
you to join this team, we invite you to mail in the coupon below. It will 
bring you an interesting briefing on this community of science. 


Sh CORNELL AERONAUTICAL LABORATORY, INC. 
OF CORNELL UNIVERSITY 


J.M. Rentschier BH 


CORNELL AERONAUTICAL LABORATORY, INC. 
Buffalo 21, New York 


O] Please send me a copy of your factual, illustrated prospectus, “A Community of 


Science,” and an application blank. 


2 I'm not interested in investigating job opportunities mow but | would like to see 


your latest “Report on Research at CAL.” 
Name 
Street 


City Zone State 
An Equal Opportunity Employer 
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addition, some of the losses incurrec 
were from executive dining room gour 
met dinners and lunches. 

Some of the food service operation: 
were deliberately conducted on a los: 
basis, “with assurance that the Govern: 
ment would absorb the loss,” the com: 
mittee charged. 

e ASPR’s at fault—Basis of the dif. 
ficulty, the subcommittee indicated, i 
that ASPR section XV relating to over 
head is worded so vaguely. ASPR 15. 
205.14, the committee noted, says tha’ 
food services “include operating or fur. 
nishing facilities for cafeterias, dinins 
rooms, canteens, lunch wagons, vending 
machines . . . and similar services .. .’ 
Further, the committee said, the ASPR 
says that reasonable food service losse: 
are allowable, but profits shall be treatec 
as a credit except when irrevocably se 
over to an employee welfare organiza 
tion. 

What happens, the committee indi 
cated, is that “gross losses are passed or 
to the Government while the gross prof 
its are usually turned over to employes 
organizations.” At one company, coffee 
service losses of $18,000 over a three 
month period were charged off to the 
government, while a subsequent profi 
of $6,000 when the company convertec 
to vending machine coffee was given tc 
the employee association. 

ASPR (15-205.10 and 15-205.11) 
language also permits contractors t 
charge off costs of cocktail parties o1 
other parties which would be unallow 
able if for purposes of amusement, di. 
version or social activity. However, i 
billed as employee welfare they can bs 
charged. “Meals specifically unallowable 

. . cease to become meals and are al. 
lowable when they are served at recrea 
tion activities. A cocktail party is ne 
longer entertainment when its purpos¢ 
is employee morale,” the report stated 

Of the $6 million in question, the 
Hardy subcommittee said, about $3.5 
million was spent for athletic and clut 
activities, $1.5 million for cafeterie 
losses, $434,000 for Christmas gift tur. 
keys, $386,000 for parties and enter. 
tainment, and $162,000 for outings. 

Companies which came under scru- 
tiny by the General Accounting Office 
at the request of the subcommittee were: 
Aerojet-General’s Azusa and Sacra 
mento plants; Hughes Aircraft’s Cul: 
ver City and El Segundo locations: 
North American Aviation; Martin Co. 
Denver; Raytheon Co.; Pratt & Whit- 
ney Aircraft Division of United Air- 
craft Corp.; General Dynamics/For 
Worth; International Business Machine: 
Corp.; Aerospace Corp., and Douglas 
Aircraft Co., Inc. 

Witnesses during the hearings July 
21-23 were government auditors from 
the Dept. of Defense who allowed the 
costs. No industry witnesses were called 
upon for formal testimony. iz 
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Lightweight, compact 
defense satellites in 
bit—the first nuclear power in space. A SNAP powers the world’s first nuclear light- 
suse. SNAPs power nuclear weather stations at the North and South poles, the 


drld’s first floating nuclear weather station, the world’s first nuclear underseas bea- 


lomic Energy Commission, and on orders from several government using agencies, 
lartin Company pioneered all of these nuclear power applications. Where reliability 
|essential, and conventional power is either impractical or impossible, SNAPs are 


ping the job—from the depths of space to the ocean floor. 


. MARTIN == 


\ Circle No. 30 on Subscriber Service Card 


fi 


Our two-inch VA-97 fits neatly into airborne radar packages; the ten-foot 
VA-842 powers the BMEWS. Between these two tubes there are more than 
700 other Varian-built klystrons, TWT’s and BWO’s. If our catalog doesn’t 
list the tube you want, we do have the competence, ingenuity, and adapt- 
ability of talents to build one to fit your system requirements. 
ASSOCIATES 
GVARIAN TUBE DIVISION 
Executive Offices: 611 Hansen Way, Palo Alto 10, Calif. Q Microwave Tube Group: Palo Alto Tube Division 0 Solid State Products | Bomae 
Division D SF D Laboratories, Inc. 0 Semicon Associates, Inc. 0 Varian Associates of Canada, Ltd. 0 In Europe: Varian A. G., Zug, Switzerland 
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Technical Countdown 


MATERIALS 


Submicron Thoria Dispersion Achieved 


Homogenous dispersion of submicron thoria (50 to 500 
Angstrom particle size) in a tungsten matrix has been 
achieved at Vitro Laboratories, a division of Vitro Corp. of 
America. Arthur S. Locke, director of the labs, says an in- 
dependent source verified the dispersion through analysis 
of the material using electromicrograph techniques and X- 
ray diffraction methods. Experimental quantities of thoriated 
tungsten are available in sizes up to 50 lbs. Preliminary 
studies indicate this method of dispersion preparation is ap- 
plicable to other metal alloy systems. 


Acoustical Method Used for Cryogenic Readings 


A method based on the speed of sound in helium gas 
using the principles of the ultrasonic interferometer will 
serve to eStablish a provisional temperature scale from 4° 
to 20°K. One objective of the program at the National Bu- 
reau of Standards’ Institute for Basic Standards is to achieve 
a primary temperature scale including the range from 4° to 
14°K. Since the acoustical thermometer is not convenient 
for routine temperature measurements, germanium resistors 
are used as secondary thermometers. A group of these resist- 
ance thermometers calibrated against the acoustical ther- 
mometer will maintain the provisional scale. 


Radiation Induces Planar Surface Effects 


Irradiation of silicon planar devices with cobalt 60 
gamma rays reveals that such devices show effects similar 
to gas encapsulated mesa devices, claim engineers in the 
Missile and Space Div. of General Electric. Although junc- 
tion passivation with inorganic materials minimized the 
effects, present manufacturing techniques and controls are 
often inadequate, they report. Chief problem in passivation 
and control of surface properties appears at the base-emitter 
region. 


PROPULSION 


Thrust Test Device Under Contract 


An integrating microthrust balance will be delivered to 
NASA’s Manned Spacecraft Center, Houston, for use in 
evaluating Apollo control rockets. Developed by Rocket Re- 
search Corp. under an earlier contract from the Goddard 
Spaceflight Center, the instrument measures impulse directly 
and is capable of precision determination of the performance 
of a 1-lb.-thrust rocket during a pulse of 0.01 second dura- 
tion. Thrust measuring ability extends up to 100 lbs. 


ELECTRONICS 


Cost-saving by Data Compression 


Use of data compression techniques can reduce costs in 
a typical flight data reduction center by $16,000 per week, 
according to engineers at Lockheed Missiles and Space Com- 
pany. They envisage a system that will process either FM/ 
FM or PCM telemetry using a zero-order predictor algor- 
ithm. This predicts that following samples will be within the 
specified tolerance of the first sample and, if so, considers 
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the information redundant and not to be transmitted. First 
sample not to meet this prediction is transmitted and be- 
comes the new reference for predictions. The Vandenberg 
Automatic Data Evaluation equipment uses a hardware 
comparator of this type, with software control. 


S-band Receiver Tuned Electrically 


A technique of electrically tuning microwave receivers 
that promises to be suitable for the 0.5 to 100-gc range has 
been developed at Watkins-Johnson Company. Components 
for the I to 18-gc range have been completed and a receiver 
will be constructed by the firm in the near future. Key feature 
is use of two electrically tunable yttrium-iron-garnet preselec- 
tors with a TWT pre-amplifier. An S-band front-end tunes 
linearly with a control signal of —2 to + 2 volts. 


Avalanche Transistors Use Surface Control 


By controlling avalanche breakdown voltage in transis- 
tors with an external field, Clevite Semiconductors has ob- 
tained devices that promise operation in the 10-gc range. 
Structures for this frequency, Clevite said, would have di- 
mensions of about 10-4 cm, External field is applied through 
surface insulating layers. 


Octave-Bandwidth TWT Produces 100-w CW 


Helix-type traveling wave tubes that provide 100 watts 
of CW power over octave bandwidths at X through S-band 
wavelengths have been developed by Sylvania Electronic 
Products. Key to attainment of this power is the supporting of 
the helix by three ceramic rods of high thermal conductivity. 


Lunar X-ray Diffractometer Developed 


An 18-lb. X-ray diffractometer has been designed by 
Philips Electronics for use in Surveyor spacecraft to analyze 
structure and composition of such materials as silicates, sul- 
phides and glasses in lunar rocks. It consists of a scanning 
goniometer with a Cuka source, proportional detector and 
inverted curved sample-holder with beryllium-foil window. 
The instrument occupies 0.9 cu. ft. and requires 70 watts of 
power. 


Apollo Radiation Detectors Ordered 


An onboard radiation detector for the Apollo lunar- 
mission spacecraft will be developed for NASA by EON 
Corporation and Quadri-Science, Inc. Bracket-mounted dur- 
ing flight, the device also will be designed to be hand-carried 
by astronauts exploring the lunar surface on foot. The re- 
cently announced $75,000 contract calls for delivery of six 
instruments within 12 months. The meter will have a meas- 
urement range from 0 to 100 rads/hr. and will operate 
throughout a temperature range of —250° to -+200°F. 


Ultrahigh Vacuum Calibration Extended 


A new system capable of absolute pressure calibration 
up to 10° torr will be developed by National Research Corp. 
under a $77,000 contract from the George C. Marshall 
Space Flight Center. Accurate gauge calibration is now 
limited to the 10° torr range—comparable to a 400-mi. 
altitude. Major applications of the new system, designed by 
the Norton Co. subsidiary, will be in space simulation, satel- 
lites and pure research. 


31 


a a A de 


propulsion engineering 


Westinghouse Know-How Speeds Flo 
Of 120-in. Cases for Titan III-C’'s 


New Rocket Motor Case Dept. applies firm's generator production 
experience to solve fabrication headaches; welds 90%+ defect-free 


VIEW OF loaded welding fixtures along 


LesTER, Pa.—With all major fabri- 
cation and tooling problems solved, the 
Rocket Motor Case Dept. of Westing- 
house Electric Corp. is now producing 
120-in.-dia. solid rocket motor cases al- 
most as a matter of routine. 

The first twenty months of the de- 
partment’s existence covered the devel- 
opment of an alternate center-segment 
case fabrication method and the elimi- 
nation of a peculiar welding problem. 

The firm brought its experience in 
steam and nuclear reactor power gen- 
erator fabrication to the business of 
supplying solid rocket motor cases and 
landed part of the joint case effort for 
United Technology Center’s 120-in. 
Titan I1I-C solid strap-on boosters. 

Curtiss-Wright Corp. is the other 
contractor on the program. 

The Westinghouse work is located 
at the firm’s manufacturing plant near 
Philadelphia, Pa. The facility fabricates 
huge steam generators for electric 
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by John F. Judge 


main welding aisle. 


power plants and was already equipped 
with the massive tooling and fixturing 
required for the 120-in. case program. 

The case material is Ladish D6AC, 
a low-alloy, high-strength steel origi- 
nally developed for hot work die appli- 
cations, but subsequently used in various 
solid rocket weapons systems as motor 
case material. 

Ladish D6AC is electric furnace air- 
melted and then refined by remelting in 
the vacuum consumable electrode proc- 
ess. 

A great deal of welding and other 
metal processing data has been built up 
around earlier missile programs such as 
the Air Force Minuteman ICBM, but 
the 120-in. case is a departure in that 
both metal thickness and segment sizes 
are much greater. 

The extreme inspection carried out 
with the raw plate effectively prevents 
the introduction of failure-producing 
flaws into the finished product—but 


WELDING of female clevis joint to forward closure barrel. 


this is only with the parent material. 
Thus the joining process assumes criti- 
cal importance. 

@ Shop floor management—The 
key to the production of reliable rocket 
motor cases is unflagging attention to 
the mundane details of metal working 
and welding coupled to an extensive 
quality assurance procedure. 

There are still flaws—some repair- 
able within the original specifications 
and others demanding total rejection. 
However, the intensive quality control 
methods at Westinghouse linked to a 
swiftly rising learning curve have re- 
sulted in over 90% of the current welds 
being defect-free. 

Charles M. Miller, manager of the 
Rocket Case Dept., says all welds are 
subjected to a minute inspection for 
defects and all defects are found. There 
are carefully specified flaw size require- 
ments and these are extremely tight on 
the 120-in. program even though tests 
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have shown that some defects in the 
thick-walled pressure vessels would have 
no effect on end performance. 

Yet the very same flaws would be 
disastrous in a thinner-walled vessel. 
‘It is a question of reliable performance, 
and in a development program as cost- 
‘conscious as the Titan III, extremely 
‘conservative design is used. Thus the 
'flaw requirements are stringent. 

@ Premium method developed—At 
| one point in the case program, an alter- 
nate rolled ring forging route to case 
isegments was investigated to eliminate 
the necessity of a weld. The weld prob- 
lem was solved, but the back-up ap- 
proach resulted in the elimination of a 


longitudinal weld in a 120-in. case seg-. 


ment. 

Developed by the Ladish Co. with 
ithe assistance of both Westinghouse and 
| United Technology Center, the process 
| proves to be more expensive, but offers 
discernible weight savings. The rolled 
\ring forging approach provides a prod- 
luct as good as the best resulting from 
‘the roll-and-weld method used in the 
| current Westinghouse program. 


1 
“If someone wants a weight reduc- 


| tion in such boosters,” says Miller, “we 


| have the process.” 

Another unique problem with the 
120-in. case stemmed from residual 
magnetism in the dome segments. A 
monolithic dome has no detectable mag- 


| netic field, but the D6AC material is 


an excellent permanent magnet. Once 


| a hole is trepanned in the dome, a sur- 


prising welding problem is created. 

The high temperature inert gas weld- 
ing process depends on the conducting 
gas to strike and hold the arc. Magnet- 
ism in the dome affects the welding arc 
as it moves around the hole in attaching 
the ring sections. The arc blow resulting 
from the residual magnetism proved a 
major problem. 

Westinghouse eliminated Magnaflux 
inspection operations on the dome prior 
to the welding and relied on other pro- 


se Even the plate vendor and 
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it being welded to center segment. 


dome fabricator were cautioned against 
using permanent or electro-magnetic 
handling devices. 

These steps, combined with ad- 
vanced demagnetization techniques, al- 
leviated the problem. 

® Manufacturing process—The cen- 
ter segments are rolled and welded. 
Ultrasonically inspected for flaws at 
the mill, the plate—32 ft. long and 9 ft. 
wide—is crimped at each end and then 
rolled into a cylinder. 

Prior to the crimping operation, 
end. The rolled cylinder is then placed 
in the longitudinal seam welder and 
clamped against a weld backup plate at 
high pressure by a number of individual 
fingers. 

The butt ends are carefully matched 
and clamped firmly in position for the 
welding operation. Westinghouse welds 
from one side in a series of filler passes 
over the joint with a tungsten-inert-gas 
welding head. 

All longitudinal welds are made 
from the inside, while curved or girth 
welds are performed on the outer diam- 


Td OT 


eter. The method of welding from one 
side does not require a backup gas. 

In such welding, a proper thermal 
history is of prime importance. Each 
weld area is brought to 650°F in a pre- 
heat step and held at this temperature 
during the welding operation. The com- 
pleted weld is then brought to a 750°F 
post-heat and held for one hour. 

This thermal history requirement 
complicates all of the fixture design and 
demands extreme caution to avoid ther- 
mal expansion distortion during welding 
that could adversely affect the geometry. 

The Westinghouse approach to the 
domes involves the use of relatively thin 
plate—about 0.5 in.—which is spun 
over a mandrel into a hemispherical 
shape. The spinning operation does not 
generate a truly concentric shape or a 
precise contour on the dome. 

Constant dome wall thickness is 
achieved using a Westinghouse-designed 
machine that turns the outside surface 
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DOME CREEP sizer with onter heater being removed. 


with respect to the inside with the aid 
of a tracer mechanism. 

The next operation is a proprietary 
sizing step—made necessary by the 
match requirements of the thrust ter- 
mination port rings that must be welded 
to the dome. 

The Westinghouse creep dome sizer 
uses an inner heater, a stainless steel 
hemispherical mandrel, a dome clamp- 
ing mechanism and an outer heater. 

When dome is installed and brought 
to temperature—about 1250°F—the in- 
ner stainless hemisphere expands at a 
greater rate than the D6AC steel dome. 
The sizing action then takes place in the 
dome through creep of the material. 

@ Dome _  welding—Westinghouse 
designed a special welding fixture for 
the dome sections. The fixture is 
mounted on a horizontal boring mill 
with its axis at 45 degrees to the fixture. 
The fixture axis is rotated horizontally 
and a port opening trepanned in the 
dome. The weld preparation area is 
machined. 

The fixture is then rotated 45 dc- 


grees upward and 90 degrees around 
its axis—bringing the opening edge into 
a horizontal plane. Weld backup strips 
are laid behind the weld prep and the 
port ring placed in position. 

The fixture backup ring is capable of 
moving radially outward insuring that 
the edge of the membrane to be welded 
seats on the backup strip. This proce- 
dure assures a2 minimum of mismatch. 
The weld is then performed by an auto- 
matic welder. 

Heat treatment is subcontracted to 
the J. W. Rex Co., Lansdale, Pa., and 
requires salt quenching from 1600°F 
followed by tempering operations. Con- 
siderable shrinkage occurs in the D6AC 
caused by both metallurgical changes 
during the heat treating and the mass 
of individual components—the rings 
shrink more than the thin portions of 
the segments. Straightening and sizing 
rings are required during the final tem- 
pering operation. | 
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News 
Briefs 


A new heat-shrinkable silicone rubber, sup- draulic and mechanical couplings, or acts as cab 


plied in the form of finished parts by Dow Corning, blast shields in rocket launching applications. Afte 
shrinks to one-half its original diameter when heated shrinking, this material retains its flexibility fro 
briefly at 300F. Silastic® 1410 heat-shrinkable rub- —100 to 500 F. Available in a range of stock tubin 
ber provides tight, form-fitting protection for wire sizes or as custom made parts of varying shapes. 


harnesses, cable splices, miliconductor cables, hy- 
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AEROSPACE NEWS from Dow Corning 


New fluorosilicone rubber sealants 
seal integral fuel tanks on F-111 


A new family of one-part fluorosilicone rub- 
ber sealants, developed by Dow Corning for 
the aerospace industry is meeting the needs 
for fuel resistant seals in high performance air- 
craft. Because of their flexibility and strength 
while immersed in jet fuel at temperatures from 
—70 to 500F, four of these sealants were 
selected by General Dynamics for use in seal- 
ing critical areas of the integral fuel tanks in 
the F-111 Air Force/Navy tactical fighter. 


A special fluorosilicone sealant which air cures 
to a resilient rubber was developed for use in 
filleting, another for rivet head and fastener 
coverings. Low spots that would form natural 
sumps are filled with a low density fluorosili- 
cone sealant. Finally a non-curing sealant was 
designed for channel and faying surfaces. 


The three sealants which cure to a strong rub- 
ber retain peel and bond strength after pro- 


New non-corrosive seal- 
ants, for aerospace applica- 
tions, are now available from 
Dow Corning. These one- 
component sealants cure at 
room temperature to tough 
silicone rubber without liber- 


longed immersion in jet fuels or when sub- 
jected to splash and fume exposure of rocket 
fuels such as nitrogen tetroxide or hydrazine. 
All have excellent resistance to ozone, oxygen, 
many chemicals, weather, aging and thermal 
cycling. These fuel tank sealants are simply 
examples of Dow Corning’s ability to engineer 
products for specific aerospace applications. 


FLUOROSILICONE FLuorosiucone || e.uoAgsiicone 
RIVET HEAD SEALANT CHANNELGFAYING || FILLETING SEALANT 
4. 
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SURFACE SEALANT |/ 
a 


FLUOROSILICONE 
FILLER SEALANT 
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ating acetic acid; therefore 
are not noxious when used in 
confined areas. Common 
aerospace structural metals 
and materials show no cor- 
rosive reaction to these new 
sealants. They can be used 
for bonding, sealing, encap- 
sulating, and coating surfaces 
which require heat, age and 
weather resistance. These 
sealants are ideal for con- 
struction of missiles and 
rockets as well as for on-site 
maintenance. 


here . . . or our capability to provide you with tailor- 
made materials designed specifically to meet your 
requirements, write Dept. 6209, or call Aerospace 
Materials Dept., Dow Coming, Midland, Michigan. 


Dow Corning 
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Space systems 


Mars Exploration Decisions Due Soon 


WITHIN THE NEXT few months 
the space agency must make two major 
decisions that will shape U.S. policy on 
the exploration of Mars. 

Increasing pressure is being brought 
to bear on a top-level basis to make 
Mars a major scientific goal. Several 
authoritative scientific groups, including 
the National Academy of Sciences 
Space Board and the American Insti- 
tutes of Biological Sciences, have made 
this recommendation. Other scientific 
groups are expected to speak soon, as 
the FY 1966 budget is being prepared. 

The first decision is whether to 
launch a major scientific assault on 
Mars in 1971, which from a scientific 
standpoint offers the most advantageous 
view. While NASA has now ruled out 
a 1969 soft landing, the 1971 mission 
could actually view the same things as 
one launched two years before. 

The other decision, to be made 
shortly, is whether to orbit Mars in 
1969 or flyby the planet and eject a 
small re-entry capsule. Some biologists 
feel that an orbiter, which would get 
information over a larger area and a 
longer period of time, would be more 
rewarding in the long run. 

e@ Lander studies—The 1971 oppor- 
tunity for a soft landing is excellent in 
terms of least energy required, and the 
seasonal situation is one in which the 
dark areas—which many believe con- 
tain vegetation or primitive life of 
some sort—are well developed. The 
1973 opportunity also ranks high in this 
regard. 

NASA’s Office of Space Sciences 


has begun studies to determine what 
kinds of payload would be best fitted 
to search for life on Mars. According 
to NASA Biosciences chief Dr. Orr 
Reynolds, the problem is this: scientists 
do not want to violate the planet too 
many times, since each landing lessens 
confidence in the sterile condition of 
the planet. Thus, NASA is looking for 
a payload that would require the least 
number of landings and yet give the 
most assurance of a true answer. 

@ Possible experiments—Philco 
Aeronutronic is now looking at the 
entire spectrum of instruments that 
could be integrated into one “Auto- 
mated Biological Laboratory ” (ABL). 
The following are the chemical experi- 
ments (Phase 2 B) NASA has asked the 
company to look at: 

—Detection of proteins, including 
enzymes. Instruments could include gas 
chromatograph, mass spectrograph, and 
absorption spectrophotometer. NASA 
has also asked the company to consider 
a ultraviolet spectrophotometer and the 
multivator, experiments which have 
been developed by other investigators. 

—Detection of nucleic acids. NASA 
has suggested optical rotation (polar- 
imeter) mass spectrograph, gas chroma- 
tograph, and absorption spectrophotom- 
eter. 

—Detection of other organic sub- 
stances (sugar, aldehydes, alcohols, or- 
ganic acids, lipids, etc.). The same in- 
struments could be used for this pur- 
pose. 

—Detection of inorganic elements, 
(nitrogen, phosphorus, chlorine, sulfur, 
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sodium, calcium) which are associate 
with living systems. Again the sam 
instruments could be employed. 

Biological experiments (Phase 2 A 
include: 

—Morphology. Television and vidi 
con microscope could be used to giv 
data on form and structure. 

—Physiology. NASA has asked th 
contractor to put emphasis on micro 
organisms in terrestrial or planetary 
derived media. Such experiments coul 
include 1) detection of the presence 0 
enzymes during or after growth wit 
an instrument such as the multivatot 
2) catabolic carbon dioxide produc 
tion such as with the Gulliver, 3) evi 
dence of growth or turbidity, as wit 
the Wolftrap and multivator, 4) evi 
dence of photo-autotrophy and 5) evi 
dence of phosphorus incorporation. 

In the same contract, Philco will lool 
at minimal spacecraft experiments, | 
study related to that being carried ou 
by Jet Propulsion Laboratory. 

Although NASA has asked Phile 
to look at the various experiments whic 
have already been developed, there 1 
no requirement that these be include 
in Philco’s recommendations. 

If a policy decision to go ahead wit 
the Automated Biological Laborator 
is made, “scientific RFP’s” or calls fo 
experiments will go out to the scientifi 
community after the study. 

e Pave way—lIf the space agenc 
should choose an orbiter for the 196 
Mars mission, a great deal could bi 
learned in preparation for the lande 

An ad hoc working group on thi 
problem, headed by Dr. Carl Sagal 
of the Harvard College Observator 
and Smithsonian Astrophysical Ob 
servatory, said that there are promis 
ing possibilities for determining phys 
ical parameters of biological rele 
vance. The group said these prospect 
ranked high: 1) obtaining high topo 
graphical resolution, 2) observing th 
surface at phase angles greater thal 
43 degrees (and thus the night hemi 
sphere of Mars), and 3) detecting sea 
sonal changes on Mars. The group em 
phasized that a long lifetime—from fou: 
to six months—would be desirable. 

The ideal situation, the group re 
ported, would be an orbiter that func 
tions for a six-month period centeret 
on heliocentric longitude 10 degrees. 4 
highly elliptical orbit would also be ad 
vantageous. | 
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F&M Systems Co. designs Data Acquisition, Instrumentation, 
and Control Systems for unique Rocket Motor Test Facility. 


highly versatile Rocket Motor Test Facility has been 
stablished at Hill Air Force Base, Utah. This test facility 
ill be used in quality, reliability, and safety assurance 
rograms for Air Force weapons systems —thus assuring 
lere will never be a ‘dud’ moment in the nation’s defense 
reparedness program. Rocket motors for the Minuteman, 
OMARC, and MACE missiles are among those to be 
sted on a continuing basis. 
&M Systems is responsible for design, development, fabri- 
ation, installation, and checkout of all instrumentation 
nd controls for the facility. Among the advanced features 
re: self-contained data reformatting for the several-hundred 
hannel, high-speed digital data acquisition and recording 


systems; constant band-width analog systems; very low 
noise in all data systems; and utilization throughout of 
solid-state devices. 


F&M-furnished horizontal and vertical test stands are 
sectionalized, enabling tests of various length motors in 
the same facility. These stands have no cradles, thus 
reducing effective motor mass— providing more accurate 
thrust measurement. 


Fischbach and Moore’s F&M Systems Co. accepts total 
responsibility — design through checkout— for complex 
instrumentation systems for government and industry. Write 
for 32-page illustrated brochure—F&M Systems Capabilities. 


F&M SYSTEMS CO. (\\) 


@ A DIVISION OF FISCHBACH AND MOORE, INCORPORATED 
P.O. BOX 26329 AREA CODE 214, HA 8.1573 DALLAS, TEXAS 75226 


Career opportunities for competent engineers... with an equal opportunity employer. 
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Coming Mthe one-for-all space guidance system. m the past, each new space mission has 
meant development of a new guidance system, requiring precious time and large expenditures. 0 Now, to 
provide maximum reliability and performance at the least cost, Sperry is studying development, under 
government sponsorship, of a single “core” universal space guidance system, with optional arn 


» | 


“building block’’ add-ons for a wide span of missions in a wide variety of space vehicles. 
This new design will offer accuracy and reliability, with system flexibility. The in-depth 
experience for this new concept— inertial guidance and control, infra-red optics, digital 
and analog techniques, radar, displays and system management —is all “under one 
roof” at Sperry. INERTIAL DIVISION, Sperry Gyroscope Co., Great Neck, New York. 
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space propulsion 


Lockheed 


Prepares 
For Second 


156-inch . 
Solid Firing am ‘a= 


LOCKHEED PROPULSION officials and representatives from the Air Force Space 
Systems Div. examine newly cast center segment of the second 156-in.-dia. demonstration 
motor. Segment alone contains more than 130 tons of rubber-based solid propellant. 
Motor is now being assembled for firing this fall. Entire case is same one used in May 
28 test. Motor will have more than 650,000 Ibs. of propellant. 


| THIS IS the same 
| center segment be- 
| fore May 28 firing. 
Note difference in 
| core diameter com- 
pared with second 
| casting in top 
photo. Motors are 
f cast at the Red- 
t lands, Calif., facil- 
ity and transported 
to Lockheed’s Po- 
) trero test installa- 
tion for firings. 
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BERYLCO REPORTS... 
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Over the years, few metals have attracted 
more interest than beryllium—its unique 
properties explain why. Experience 
gained through time spent in continuous 
development now has turned what was 
once a laboratory curiosity into a prac- 
tical design material. Today, beryllium 
invites serious consideration for use in 
virtually every aerospace project. 


BeERYLCO has contributed to this prog- 
ress In two major ways. One, by apply- 
ing its resources to advance techniques 
in beryllium processing and fabrication. 
Two, by offering a broad range of com- 
mercially available mill products. We 
invite you to discuss the ways in which 
we can apply these capabilities to your 
present programs. 


For example, BERYLCO has contributed 
to the application of beryllium in a wide 
spectrum of aerospace programs, in such 
areas as instrumentation, optical appa- 
ratus, nuclear reactors, structures, space 


STRUCTURAL COMPONENTS. Lockheed now employs beryllium in sections of the skin ¢ 


the Agena D—the first large-scale use of beryllium sheet. It has replaced magnesium panels becaus 
of significant weight savings made possible by beryllium’s high elastic modulus. BERYLCO hé 
cooperated closely with Lockheed in developing large sheet panels which can be formed an 
fabricated to aerospace structural configurations and quality requirements. 


Now the bri 


radiators, pressure vessels and jet air- 
craft brake and engine components. 
These uses perhaps suggest many others, 
particularly where beryllium’s unique 
properties can be effectively applied. 
Due to beryllium’s high stiffness-to- 
weight ratio, it is receiving increased 
attention for use as a structural mate- 
rial. This lightweight metal compares in 
density to magnesium, yet its modulus is 
six to seven times greater. 


While aluminum and magnesium alloys 
melt at slightly over 1200°F, beryllium 
still maintains its structural integrity 
beyond these temperatures. 


Availability of a wide range of shapes 
and forms enables beryllium to be at 
the core of new design concepts, rather 
than a substitute for another material. 
BERYLCO offers commercial quantities of 
beryllium in the form of hot pressed 
and machined products, extruded forms 
such as rod, bar, tubing and other struc- 
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tural configurations, wire, forgings, shee 
in gages .010 to .250 inches, in sizes u) 
to 36” by 96”. 


Shown here are some of the many way 
in which beryllium is solving critica 
aerospace design problems. For tech 
nical literature on beryllium, or fo 
direct technical assistance, write to Thi 
Beryllium Corporation, Dept. X9, Bo: 
1462, Reading, Pennsylvania 19603. 


: 
7 
7 
Developers and producers of extraordinary material: 


Beryllium * Beryllium Copper * Beryllium Nickel 
Beryllium Aluminum ¢ Beryllium Oxide 


BRAKE SYSTEMS. Beryllium brake applica- 
tions are being developed for mach aircraft, 
stemming from the need for lighter weight and 
optimum heat dissipation. From room tem- 
perature to 2000°F, beryllium’s heat capacity 
is some 4 to 5 times greater than steel, Pos- 
sibilities : a heat-sink package with equal given 
size and heat absorbing potential .. . at a frac- 
tion of steel’s weight; alternatively, a brake 
system with radically higher heat absorption, 
with no increase in total weight over steel. 


rr | 
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SPACE REACTORS. SNAP 8 i is a 35- Biiowatt 
electrical power supply for use on spacecraft. 

It employs a nuclear reactor heat source to 
drive a mercury Rankine cycle turboalternator. 
The reactor is being developed for the A.E.C. 
by Atomics International, a division of North 
American Aviation, Inc. Surrounding the reac- 
tor core vessel is a beryllium neutron reflector 
and six Be reflector control drums which 
maintain proper coolant outlet temperature by 
controlling reactor power. Beryllium’s low 
thermal neutron capture cross section and high 
scatter cross section, coupled with resistance 
to moderately high temperatures, makes it 
ideally suited for this application. 


SPACE RADIATORS. Operation of turbo- 
electric solar and nuclear space power systems 
requires heat rejection through large radiat- 
ing surfaces. Designs are being developed for 
beryllium radiators because of its high thermal 
conductivity/density ratio. Beryllium in radi- 
ating fins and tube armor results in lowest 
specific weight (lb /kw) in operating tempera- 
ture ranges of both Rankine and Brayton 
cycle systems. 


f BERYLLIUM is being fulfilled 


DANCE AND CONTROLS. Beryllium 
s emerged in the past few years as the most 
eptable material used in precision guidance 
d navigation systems. Its high ratio of 
finess to density, inertness, and thermal coef- 
ent of expansion are responsible. For iner- 
l instrument use, beryllium must meet 

sually stringent specifications requiring 
ttallurgical stability, homogeneity and lack 
porosity, because beryllium parts usually 
required to contain liquids or light gases. 


ENGINES. Higher operating efficiencies 
hrough higher thrust-to-weight ratios—are 
sible with beryllium in jet engine compres- 
Ss. High strength levels, together with low 
sity, make beryllium attractive for use in 
iding, shafting and discs. Titanium, long a 
ple in blades, is 2% times heavier, 


ASTRONAVIGATION. An astronavigational 
sextant and scanning telescope are contained 
in a single unit, with a beryllium housing and 
optical base. It was selected for high dimen- 
sional stability, light weight and excellent ther- 
mal properties. BERYLCo cooperated closely 
with the developer of this highly-precise instru- 
ment for the Apollo program, Kollsman’s 
Space Division. 


PRESSURE VESSELS. This sphere ts a pres- 
sure bottle forged from beryllium. Projected 
application is for liquid rocket fuels. High 
strength at minimum weight was the design 
objective. This product is typical of what is 
being done today with the wide variety of 
forms in which beryllium is available 


— 


CHEM-MILL 


—a magnesium radar reflector. 
B&P is a licensee of Turco 
Products, Inc. with facilities 
for Chem-Milling magnesium, 
aluminum, and titanium. 
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: MAGNESIUM- 
LITHIUM ALLOY 
LA141A Drawn Part 


—B&P not only supplies 

the rolled sheet but also 

makes parts and assemblies 

_ of this lightest weight 
metal alloy. 


AXIAL LOAD 
BULGE FORMING 


—Shown is a typical 
part made by this 


Process, B&P is 
exclusive licensee of } can F er 
Boeing Co., developer . 
you unusual a cn 
a SKIN—END-GRAIN 


of the process. 
BALSA CORE 


(Adhesive Bonded) 
sandwich is the material 


ELECTRICAL used by B&P in 
DISCHARGE e bbe making this assembly. 
ry ta abilities, 
of holes in Beryllium. * . 2 p 
B&P has EDM 


facilities for a 

machining and # here a re ut 
drilling hard-to- jie . ; 

machine metals. 


ELECTROPLATING AND | 
ANODIC FINISHING 2 


of magnesium are among B&P 
capabilities. Chromium, tin, 
silver, copper, gold and 

nickel are plated on magnesium; 
HAE, Dow 17 and Fluoride ! 
Anodize are also available. ix. 


LIGHTWEIGHT 
AERIAL 
' DELIVERY 
| SYSTEMS 


—designed, developed and 
produced by B&P for use by the 
U.S. Air Force and U.S. Army. 


: of ad 
Thorough knowledge of metals including Aluminum, Magnesium, 
Beryllium, Magnesium-Lithium Alloy LA141A, Titanium, Zirconium, Boral 


BROOKS & PERKINS, INC. 


1966 W. Fort Street ¢ Detroit, Michigan 48216 
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ADVANCED ORBITING SOLAR OBSERVATORY (NASA)—CONTRACTORS;: 
Republic, prime. DESCRIPTION: 1,200-lb spocecroft to moke detailed 
|measurements of Sun’s solor rodiotion; greoter pointing occurocy than 
(OSO; lounch vehicle, THRUST AUGMENTED THOR-AGENA. STATUS: Be 
sspocecroft will be launched in 1968. 


SL 
ADVANCED TECHNOLOGICAL SATELLITE (NASA)—CONTRACTORS: 


Hughes, prime. DESCRIPTION: Five-satellite progrom to test communi- 
cotion and meteorologicol equipment at medium ond synchronous 
lorbit; test bed for gravity gradient experiments; weight, 650 Ibs.; launch 
vehicle, ATLAS-AGENA. STATUS: Development; first flight scheduled for 
‘1966. 


POLLO (NASA)—CONTRACTORS: North American, commond & serv- 
ice modules, systems integrotion; Grumman, Lunar Excursion Module 
(LEM); MIT, guidonce development; Collins Radio, telecommunications; 
Honeywell, stobilizotion & control; AiReseorch, environmentol control; 
‘Northrop-Ventura, porachute recovery; Lockheed Propulsion Co., escope 
tower rocket; Marquordt, reaction contols; IBM, realtime computer com- 
plex; Westinghouse, power conversion equipment. Lunor Excursion Module, 
prime, Grummon; descent engine, Rocketdyne & TRW Space Technology 
Loboratories; oscent engine, Bell Aerosystems; environmental control, 
Hamilton Stondord; reoction control thruster, Morquordt; guidance, 
MIT; rodar & communicftions instruments, RCA; TMC, telemetry, Radi- 
jotion Inc; fuel cell, Prott & Whitney; externol visuol disploy, Forand 
Optical; DESCRIPTION: Three-man spacecraft for Earth-orbital, lunor- 
forbitol ond lunor-landing missions. Boosters; SATURN | ond SATURN 
ie for Eorth orbits; SATURN V for lunor rendezvous and londing mis- 
sions; 3-modular spocecroft: Commond Medule weight, five tons; Service 
‘Module, 23 tons, Lunar Excursion Module, 12.75 tons; total weight, 85,000 
dbs, STATUS: Unmonned Eorth orbito] shots storfed in 1964; lunor orbits 
scheduled 1968; lunor landing by 1970; first manned orbitol flight due 
ost hoif of 1966. 

: 
\ASSET (Air Force)—CONTRACTORS: McDonnell Aircroft Corp., prime; 
‘Honeywell, guidance. DESCRIPTION: Aerothermodynamic/elastic Strue- 
‘turol Systems Environmento! Tests for various moterials combinotions 
during re-entry; delto-shoped re-entry’ vehicle; two versions planned 
weighing 1,100 Ibs. (4 vehicles) and 1,200 Ibs. (2); Length, 68.7 in.;spon, 
58.9 in. STATUS: Development; program to be expanded to study differ- 
ent shapes, materiols, etc. One AMR shot in September, 1963, successful 
although vehicle not recovered; second vehicle successfully lounched ond 
recovered, July 22; START program, an exponded reseorch effort in 
glide entry, is now being formuloted. 


BIOS (NASA)—CONTRACTORS: GE, prime. DESCRIPTION: 1,000-lb. Sat- 
‘ellites to test effects of spoce environment on plonts, onimols (primotes) 
ond other biological specimens; lounch vehicle, THRUST-AUGMENTED 
DELTA. STATUS: Six flight models to be built; first flight in December, 
1965; others to follow ot three-month intervols; first experiments selected 
in Februory. 


COMSAT CORP. SATELLITE PROGRAM—CONTRACTORS: Studies being 
‘performed by Hughes, TRW with ITT, and AT&T ond RCA os joint con- 
troctors. STUDIES: AT&T/RCA, 18 sotellites, medium-oltitude random 
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orbit; STL-1TT, 12 satellites, medium aititude, controlled orbit using 
grovity gradient stabilizotion; Hughes 2nd generation synchronous orbit 
system. STATUS: First sotellites to be in orbit by mid-1966, with entire 
system operational by mid-1967. 


DISCOVERER (Air Force Progrom 622A)—CONTRACTORS: Lockheed, 
prime; GE, re-entry vehicle. DESCRIPTION: THOR-AGENA ond ATLAS- 
AGENA lounchings of stabilized sotellites; moin purpose is to test tech- 
niques ond components for military space systems. STATUS: All doto on 
progrom clossified os port of DOD informotion policy; however, indico- 
tions are that program has been cut bock or ended as more economicol 
vehicles have come into use. 


- EARLY BIRD (ComSot Corp..—CONTRACTORS: Hughes, prime. DESCRIP- 


TION: Experimental modified syncom to be ploced in 22,300-mi. sto- 
tionory orbit ond provide 240 two-woy telephone channels between U.S. 
and Europe or simultaneous tronsmission of 22 or more telegraph mes- 


soges; booster, THRUST-AUGMENTED DELTA. STATUS: Development;- 


controct colls for delivery of first sotellite by April, 1965; lounch scheduled 
for mid-1965. 


ECHO (NASA)—CONTRACTORS; Langley Research Center, prime. DE- 
SCRIPTION: ECHO |, 135-ft. inflatoble sphere in 700- to 805-mi. orbit; 
passive communication satellite; THOR for bollistic tests; THOR-AGENA 
for orbitol, STATUS: Progrom complete; ECHO | in orbit since Aug. 12, 
1960; two bollistic shots in 1962 unsuccessful. ECHO II launched from 
Vondenberg Jan. 27; U.S.-USSR conducting series of cooperotive experi- 
ments using ECHO. ; 


GEMINI (NASA)—CONTRACTORS: McDonnell, prime; Rocketdyne, spoce- 
croft propulsion; General Electric, fuel cell; IBM, guidonce system integro- 
tion ond computer; Honeywell, guidonce; Westinghouse, rendezvous rador; 
AiResearch, environment. DESCRIPTION: Bigger ond heovier MERCURY- 
type copsule to carry two men for up to two weeks; TITAN II to be used 
os booster; ATLAS-launched AGENA will be used for rendezvous missions; 
15 spocecroft will be produced. STATUS: Development; 12 flights plonned; 
will be used to determine feosibility of rendezevous for lunar mission ond 
long-duration monned flight; first unmonned flight, April, 1964, successful; 
second postponed to lote 1964 ofter lightning damoged GT-2 in August; 
monned and rendezvous flights, 1965-67; AF porticipoting in program, 
ond will modify GEMINI Capsules for MANNED ORBITING LABORATORY. 
HYPERSONIC RESEARCH VEHICLE (AF, NASA)—CONTRACTORS: None 
onnounced. DESCRIPTION: Manned, hypersonic spacecroft capvble of 
Eorth-to-orbit-ond-return; turbofon, Moch 0-3; romje’, Moch 3-8 or ] 

(oxygen collected ond liquefied during this cycle); Moch 8-10 orbifo 
speeds, LH2-LOX rocket. STATUS: Joint NASA-AF research prograi ap 
proved; NASA funding $2.5 million in FY ‘65; AF hos advanced techinolog 

program in six pertinent areas (mosily engine developmenis) in FY ‘65. 


ICBM ALARM (Formerly MIDAS) (Air force Progrom 239A)—CONTRAC- 
TORS: Lockheed, prime; Aerojet, IR deiector system. DESCRIPTION: Eorly- 
worning rondom orbit sotellite; detect ICBM lounchings by IR; two flights 
conducted jn 1963 detected solid ond liquid missile lounches; sotellites ore 
lounched piggy-bock on vorious AF boosters. STATUS: Development; no 
decision on deployment; reporiedly competing with over-the-horizon rador. 
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INTERPLANETARY MONITORING PLATFORM (NASA)—-CONTRACTORS: 
Gaddard Space Flight Center, prima; Martin Co, developing nucleor 
pawer unit. DESCRIPTION; 140-Ib, satellite launched into deep-space arbit 
with on opagee af 172,000 mi.; will measure rodiotian ond solar flore 
hazards in advance af Project APOLLO; launched by DELTA boaster fram 
AMR. STATUS: Pragram colls for five more satellites with next launch in 
late 1964; twa ta be placed in lunar orbit; later flights will use a nuclear 
pawer unit as replacement for salar cells; Designotian IMP-A is 
EXPLORER XVIII. 


ISIS (Canoda, U.S.)}—-CONTRACTORS: Canodion Defense Reseorch Boord, 
sotellite; NASA, launch vehicle, DESCRIPTION: Three-sotellite follow-on 
progrom to ALOEUTTE to continue ionospheric studies. STATUS: Design of 
ISIS A to begin this year with launch in 1967; B ond C to be lounched in 
196B, 1969. 


LUNAR LOGISTICS SYSTEM {NASA)—CONTRACTORS: Studies have been 
conducted by Grumman, TRW/STL and Northrap. DESCRIPTION: Spoce- 
croft to corry support poyloads to the Maon. Two designs under study— 
LEM Truck with 7,000-lb poyload and logistics spocecraft with 25,000 ta 
30,000 Ib. poyload; baoster: SATURN V. STATUS; Pragram decisian 
expected 1964; no funding expected until FY ‘66; program wauld cost 
about $1 billion. 


LUNAR ORBITER PHOTO CRAFT (NASA)—-CONTRACTORS: 
prime; RCA, power ond communicotians; Eastmon Kodak, cameros. DE- 
SCRIPTION: BOO-Ib. spacecraft lounched by ATLAS-AGENA will orbit 
Moon toking pictures of lunor surfoce; rodioactive and geodetic meosure- 
ments will olso be token. STATUS: Ten flights scheduled beginning in 
1966. 


MANNED ORBITING LABORATORY (Air Farce)—-CONTRACTORS: Study 
controcts oworded to Douglos, GE, ond Martin on the ORBITING SPACE 
STATION (OSS); olso contracts for studies of selected sub systems. 
DESCRIPTION: Two-mon spocecraft fo estoblish militory usefulness of 
mon in space; booster, TITAN 11]; GEMINI-B copsule ofop 10 ft,-dio., 
20-ft,-long canister lob; tatol weight obout 1B,000 lbs.; orbit below 
350 mi.; flights of 30 doys in shirt-sleeve environment plonned. STATUS; 
Pre-pragrom definition; RFPs expected to be issued in March, 1965; un- 
monned GEMINI lounch early 1966; unmonned conister launch lote 1967, 
monned first half 196B; rendezvous capability passible loter. 


MARINER (NASA)—CONTRACTORS: Jet Propulsion Loborotory, prime. 
DESCRIPTION: 570-lb. unmanned spocecroft for eorly interplonetory 
missions to vicinity of Mors ond Venus; boosted by ATLAS-AGENA B. 
STATUS: First scheduled Venus fly-by, August, 1962, unsuccessful ofter 
booster foilure; second possed within 21,594 mi. of Venus, Dec. 14; two 
Mors fly-by missions plonned in lote 1964; becouse of press of maintaining 
APOLLO schedules, NASA hos dropped plons for 1966 Mors shot; Agency 
will concentrote efforts on heovier spacecroft for 1969 window. 


MDS (NASA)—CONTRACTORS: Fairchild Strotos, prime. DESCRIPTION; 
3,400-lb. meteoroid-detection sotellite employing two 50 x 15-ft. extend- 
oble detector wings; Eorth orbit 300 to BOO mi.; booster, SATURN I. 
STATUS: Development; will measure size, energy ond frequency of 
metearoids to evoluote' hozords of impoct with monned spacecroft; first 
lounch scheduled for third quorter 1964; two other MDS will be launched 
as part of SATURN | development pragrom. 


MEDIUM ALTITUDE COMMUNICATIONS SATELLITE (Progrom 369) (AF, 
DCA, Army)—CONTRACTORS: Philco, prime. DESCRIPTION: Multiple- 
launch, rondom, octive repeater comsot; 16-24 sotellites launched in 
groups of 6-B satellites in 19,000 n.mi. polor orbits; weight obout 100 Ibs.; 
TITAN-IIIC boaster. STATUS: Negotiotions with ComSot Corp. have been 
braken off ond DOD will develap own system; MACS, on “interim’’ system 
is to be in operotion in 1966. 


NATIONAL ORBITING SPACE STATION (NASA, AF)—CONTRACTORS: 
Many studies oworded. DESCRIPTION: Monned spoce stotion with 
orbifol lifetime of one te five yeors for testing components ond tech- 
niques in the spoce environment; weight ronges under study vory from 
15,000-20,000 up to 200,000 Ibs. STATUS: Decision not expected for one 
to four yeors; EXTENDED APOLLO, AF MANNED ORBITING LABORATORY, 
MANNED ORBITING RESEARCH LABORATORY ond LARGE ORBITING RE- 
SEARCH LABORATORY being considered, 


NIMBUS (NASA)-——CONTRACTORS: Goddord Spoce Flight Center, prime; 
GE, integrotion ond testing; RCA, videcon cameros. DESCRIPTION: B30-Ib, 
second-generotion weother sofellite; Eorth-stobilized polar orbiting; TV 
comeros ond IR sconners in poylood; THOR-AGENA B booster. STATUS: 
First launching successful August 2B; picture & IR quolity good in spite 
of satellite’s ellipticol orbit; second, scheduled far lounch within o yeor; 
two R&D sotellites to be funded in FY ‘65; uses Automotic Picture Trons- 
mission system, 
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Boeing, 


NUCLEAR DETECTION SATELLITES (Formerly Vela) (ARPA)—CONTRA( 
TORS: TRW Spoce Technology Labaratories, prime; Los Alomas Scienti 
Lab/Aeraspece Corp., poylaad. DESCRIPTION: 20-sided, 4B5-Ib. sotellite 
for detection of nuclear explosions in space; 50,000-mi. orbit; baoster 
ATLAS-AGENA; launched in poirs, STATUS: First poir successfully launche 
in Octaber, 1963; second pair successfully launched July 17, 1964; thre 
pairs remain, 


QAO (NASA)—CONTRACTORS: Grumman, prime; Westinghouse, ground 
stotion, companents; GE, stabilizotion ond control; Kollsman, stor trackers 
IBM, dato processor ond storage; Hughes and Aveo, cammunicotion: 
equipment. DESCRIPTION: 3,600-Ib. orbiting ostronomico! satellite 
study ultroviolet spectrum from appraximotely 1,200 A to 4,000 A; fo 
major experiments selected; one piggyback; baoster, ATLAS-AGENA E 
STATUS: Three flights beginning in late 1965. 


OGO (NASA)--CONTRACTORS: TRW Space Technology Labarotarie 
prime; DESCRIPTION: 1,000-Ib, satellite with instruments for geophysico 
measurements; polor (POGO) ond eccentric (EGO) shots plonned; cor 
carry more than 20 experiments; ATLAS-AGENA B, THRUST-AUGMENTEL 
THOR baosters. STATUS: First lounch on Sept. 4 portially successful; 1 
af 20 experiments warking. 


OSO (NASA)—CONTRACTORS: Boll Brothers, prime; DESCRIPTION: OSO 
1,45B-I5. orbiting salar abservotary; OSO Il, 535-Ibs.; DELTA baaster; 
S-16 eorly versian; S-17 ond S-57 odvonced versions. STATUS: First fligh’ 
Mar. 7, 1962, highly successful; first flight far S-17 plonned for secand 
quorter 1964 deloyed until 1965; five more flights plonned. 


PIONEER (NASA)—CONTRACTORS: TRW Spoce Technology Lobarotories 
DESCRIPTION: 140-lb. spin-stobilized solor probe; ougmented DELTA 
lounch vehicle; cylindrical; covered with 10,000 solor cells; four ou 
tigger booms for stabilizotion; five experiments, 60 to 90-millian-mi. com- 
municotion capability. STATUS: Seven lounches in progrom; eorly 1965 
lounch schedule set; orbits ronge from 0.8 to 1.2 ou for 6-mo. lifetim 
ADVANCED PIONEER under study. ; 


RANGER (NASA)—CONTRACTORS: JPL, prime; Hercules, retro-rocke 
Northrop, support controctor; RCA, TV system. DESCRIPTION: Befor 
impact, TV cameros foke pictures of lunor surfoce; ATLAS-AGENA 
boaster, STATUS: RANGER VI founch Jan. 30; TV system foiled; RANGE! 
Vil lounched July 2B and impocted moon offer tronsmitting 4,316 picture 
bock to eorth; RANGER VIII scheduled for Jon., 1965, with IX we 
months later; this will complete Ronger progrom. 


RELAY (NASA)—CONTRACTORS: TRW Space Technology Loborotories, 
project coordinotion ond systems plonning; RCA, prime. DESCRIPTIO 

172.1b, spin-stobilized widebond BOO to 4,600-mi.-orbit octive repeoter 
experimentol communications sotellite. DELTA booster. STATUS: Britoin, 
Fronce, Brozil ond Germony building ground stotions; first lounch, Dec. 
13, 1962; RELAY Il lounched Jon, 21, 1964; progrom completed. a 
— 
SAMOS {Air Force Progrom 720A)—CONTRACTORS: Lockheed,’ prime; 
photo intelligence equipment, Eostmon Kadak; copsules, GE; porochute 
and guidonce recovery equipment, Avco ond Northrop Venturo. DESCRIP- 
TION: Reconnaissonce sotellite; formerly SENTRY; R&D model weighs 
4,100 Ibs. with E-5 copsule (3,000 Ibs. with E-6); ATLAS-AGENA boaster; 
100-300-mi. circulor polor orbit. STATUS: Operotionol; odvonced SAMOS 
under development; FERRET version used for electranic intelligence ang 
communicotions eovesdropping. : 


E: 
SATAR (Air Force)—CONTRACTORS: General Dynomics, prime. DE- 
SCRIPTION: 300-Ib. scientific sotellite pod mounted on side of ATLAS 
booster; length, 55 in.; diometer 27 in.; 200-Ib. poylood; orbits vory 
from 500 to 2,000 n. mi.; as re-entry vehicle, gains speeds up to 30,000 
fps; guidance, strop-down system with three orthogonolly-mounted gyros 
unstobilized when in orbit. STATUS: Development; seven vehicles being 
built under present cantroct; pads of SATAR type hove been flown on 
44 missions. 


SATELLITE INSPECTOR (Air Force PROGRAM 706)—-CONTRACTORS: None. 
DESCRIPTION: Sotellite inspection system cansisting of o spocecraft 
copoble of ca-orbitol inspection af non-cooperotive sotellites. STATUS: 
Re-oriented from unmonned vehicle ‘to monned sotellite using GEMINI; 
Conceptuol preliminory design studies under woy; eorly GEMINI flights 
expected to provide importont inputs; $2 million in FY ‘65 budget. 7 


SECOR (Army)—CONTRACTORS: ITT Lobs, prime; Cubic Corp., all 
pander. DESCRIPTION: 40-lb. geodetic sotellite; rectilineor, measurin 

9 x 11 x 14 in. con be carried piggybock on a variety of one 
frequency, 162-324 me for geodetic measurements; 54-216 mc for re- 

froction studies, STATUS: Operatianal; third lounch taok ploce eorl 

this yeor on AF secret sotellite. 
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a (NASA)—CONTRACTORS: RCA, prime. DESCRIPTION: Spinning 
allistic test vehicle corrying two electric-propulsion engines for environ- 
entol tests. STATUS: First flight July 20 fro, Wollops tslond, Vo., carried 

Lewis election bombordment engine ond o Hughes contoct ionizotion 

engine; the Lewis engine worked well while Hughes engine produced 

no thrust. 


SURVEYOR (NASA)—-CONTRACTORS: Hughes, prime; Mortin, SNAP de- 
vice. DESCRIPTION: 2,100-lb. spocecroft for soft-londing 100-300 Ibs. of 
instruments on Moon; nine 2,500-lb. spocecroft are also plonned; ATLAS- 
CENTAUR booster; SNAP nucleor generator optional. STATUS: First Moon 


"aa late 1965; five soft-londing vehicles plonned in Block I series. 


SYNCOM (NASA)—CONTRACTORS: Hughes, prime. DESCRIPTION: 24-hr. 
orbit instontoneous narrow bond, octive repeoter communicotions satellite; 
-in..in dia. ond weighs obout 63 Ibs.; DELTA booster; copoble of ac- 
ommodoting one full duplex rodio telephone chonnel, STATUS: First 
lounch foiled, Feb. 14, 1963; sotellite believed to be in orbit but contoct 
lost; SYNCOM II lounched July 26, 1963, completely successful; third 
jounch Aug. 19 successful; sotellite is to be positioned in stotionory 
orbit over Pocific to reloy 1964 Olympic Games to U.S. from Jopon; 
progrom now complete. 


SMS (Synchronous Meteorologicol Satellite) (NASA)—-CONTRACTORS: Re- 
public, RCA Astro-Electronics; Hughes, study controcts. DESCRIPTION: 
24-hr. weother satellite, Eorth-stobilized; TV comeros with vorioble focus; 
moy use SNAP-50 for power; booster moy be ATLAS-AGENA or -CENTAUR. 
STATUS: Studies to continue; development funds not included in FY ’65 
budget... 


TELSTAR. (AT&T, NASA)—-CONTRACTORS: Bell Telephone Loborotories, 
ionogement for AT&T. DESCRIPTION: 


ment; first lounch July 10, 1962, highly successful; second lounch Moy 7, 
1963, olso successful; progrom now complete. 
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[ABLESTAR (Air Force)}—CONTRACTORS: Spoce Generol, prime; Aero- 
jet, propulsion; Spoce Generol/Bell Telephone, guidonce, DESCRIPTION: 
2,000- Ib. upper stoge; 9.5 ft. long; 55 in. dio.; redio commend guidonce; 
Mopellonts, UDMH/IRFNA; restert copobility; STATUS: Used in TRANSIT 
mind other militory progroms; THOR booster. 


Space Vehicles 


ATLAS-AGENA D (Air Force)—-CONTRACTORS: Genero! Dynomics/Astro- 
houtics, (ATLAS); Lockheed (AGENA); TRW/STL, AGENA B; Honeywell, in- 
Prtiol reference. DESCRIPTION: 275,000-lb. booster; poylood copobility, 
,000 Ibs., in 345-mi. orbit, 750 lbs. to escape, 40 lbs. for planetory mis- 
ions; length, 102 ft.; bose diometer, 10 ft.; liquid propulsion; modified 
Atlas D with 360,000-Ib. thrust; Ageno B with 15,000-Ib, thrust; restort 
apability. STATUS: Operotional; used in RANGER, DISCOVERER, MACS, 
MARINER, LUNAR ORBITER, OAO, SAMOS ond other programs. 


IAGENA D (Air Force)——-CONTRACTORS: Lockheed, prime; Honewell, 
guidonce; Bell, propulsion. DESCRIPTION: 1,700-Ib. upper stoge; 25 ft. 
ong; 5 ft. dio.; oll-inertial guidonce; propellonts, UDMH/IRFNA; multiple 
‘e-stort copobility; ATLAS, THOR ond THOR ougmented boosters. STATUS: 
sed in DISCOVERER, SAMOS ond other militory progroms os well os o 
woriety of NASA progroms; e.g., MARINER, RANGER, OAO ond OGO. 


ENTAUR (NASA)—CONTRACTORS: Lewis, progrom monagement; Gen- 
eral Dynomics/Astronoutics, prime; Prott & Whitney, propulsion; Honey- 
ell, guidonce. DESCRIPTION: High-energy upper stoge using o poir of 
RL-10 LOX/liquid hydrogen engines; 30,000 Ibs. totol thrust; 30 ft. long; 
0 ft. dio.; ATLAS D booster; copoble of orbiting 8,500 Ibs.; 2,300 Ibs. to 
fescope; 1,300 lbs. on plonetory flights. STATUS: Development; first test 
ight foiled; second lounch Nov. 27, 1963, highly successful; third, June 
20, 1964, partially successful; two more lounches plonned in 1964 and six 
n 1965 when the vehicle is to become operotionol. 


DELTA (NASA)—CONTRACTORS: Douglas, prime; Bell Telephone Lobs, 
guidonce; Rocketdyne/Aerojet/Allegony 8ollistics Loborotory, propulsion. 
D ESCRIPTION: Successor to THOR-ABLE; upper stoge guidonce; three-stoge 
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170-Ib. octive repeoter experi-— 
mentol industry communicotion sotellite; DELTA booster. STATUS: Develop- 


TIROS (NASA, Weather Bureau)—CONTRACTORS: RCA, prime. &* 8 f 
TION: 2B5-lb. meteorological satellite; TY pictures of clou or 
sensors to gother heot balance data; one TIRCS to be fo 

ness in highly elliptical orbit (300-3,000 mi.). STATUS: R&D; cic! 

lounched; oll successful; five more lounches planned with TiROS 
configurotion (eorth stobilized) to serve os on interim Natio Ce 
tional System. 


TRANSIT (Novy)—CONTRACTORS: Applied Physics Loborotory, prime; 
Mortin, SNAP device; Westinghouse, shipboord satellite signal receivers. 
DESCRIPTION: Novigotional sotellite; R&D model over 250 {bs.; opera 
tionol, 50 to 100 lbs.; operotionol system; four sotellites in rondom, near- 
circulor 600-mi. orbits; SNAP nuclear generator; ABLESTAR booster. 
STATUS: Operotiono!l system estoblished for use by POLARIS subs and 
surfoce ships; two nucleor-powered (SNAP-9A) satellites lounched in 1963; 
NASA exploring feosibility of commerciol system. 


TRS (Air Force) CONTRACTOR; TRW/STL. DESCRIPTION: 3-lb. scientific 
satellite to meosure rodiotion; four-sided, meosuring 9 in. on o side. 
STATUS: Operotionol; first launched piggybock on DOD poylood 
10/17/63. 


VOYAGER (NASA)—CONTRACTORS: Study controcts, Avco ond GE. DE- 
SCRIPTION: Unmonned MARINER follow-on spocecroft to orbit Mors ond 
VENUS ond to eject o copsule to the surfoce. STATUS: Development funds 
not included in FY ‘65 budget; lounches in 1971-73 period; spocecroft of 
6,000 Ibs. to be launched by three-stoge SATURN 1B, TITAN II1 or 
SATURN V. 


X-15 (NASA, AF, NAVY)—CONTRACTORS: North American, prime; Thio- 
kol, propulsion; Sperry Gyroscope, inertial flight doto system; Honeywell, 
odoptive flight control electronics. DESCRIPTION: Monned rocket plone 
copoble of 4,000-mph-plus flight ot edge of spoce; single rocket engine 
develops 57,000 Ibs. thrust. STATUS: Powered flights in progress; unofficiol 
records set—altitude 354,200 ft. ond speed 4,104 mph; hypersonic pro- 
pulsion reseorch progrom should run through 1968; more thon 100 flights 
hove been mode; romjet (X-15A2) flights scheduled for 1968. 


vehicle; 800-Ib. poylood capobility in 100-mi. orbit; THRUST-AUGMENTED 
DELTA poylood capobility 1,500 plus Ibs. in 100-mi. orbit; THOR missile 
comprises first stoge. STATUS: lounch vehicle for TIROS, EXPLORER, OSO, 
BIOS, ECHO; TAD used for SYNCOM & PIONEER; 26 previously on order 
ougmented by AF order for 21 more for NASA; THRUST-AUGMENTED 
DELTA with three solid motor strop-ons olso being used. 


LITTLE JOE I (NASA)—CONTRACTORS: Generol Dynomics/Convoir, 
prime. DESCRIPTION: Solid-propelled vehicle with 800,000-lb. thrust; 
launch vehicles for APOLLO suborbitol flights. STATUS: Two lounches 
Aug. 28, 1963, ond May 13, 1964, successful; six vehicles ardered thus far; 
third lounch scheduled for Dec., 1964. 


POST-SATURN V LAUNCH VEHICLE (formerly NOVA) (NASA)—CON- 
TRACTORS: Studies. DESCRIPTION: Copobility of Novo under study; 
no firm concept but should offer significont improvement over C-5 (20-30 
million-Ib. first-stoge thrust lorge solid motors, ond nuclear upper stage 
under consideration). STATUS: Study to determine choracteristics; opera- 
tionol target dote post-1970. 


PROJECT FIRE (NASA)—CONTRACTORS: Republic, re-entry package; 
Ling-Temco-Vought, velocity pockage; Genero! Dynomics,Astronautics, 
lounch vehicle and systems integration. DESCRIPTION: Re-entry probe to 
meosure environmental heoting at lunar return speeds (25,000 mph) 
launch vehicle, Atlas D plus Antores Il A-5 (re-entry booster), STATUS: 
R&D: first flight April, 1964, successful; secand flight scheduled for mid- 
1965. 


PROJECT SCANNER (NASA)—CONTRACTORS: Honeywell, fabricotion ond 
integrotion; Baird-Atomic; stor-mapper telescope; Santo Borbaro Reseorch 
Center, duol rodiometers, DESCRIPTIGN: Unmonned scientific sotellite 
in measure natural rodiation gradients. STATUS: R&D. 


ROVER (NASA, AEC)—CONTRACTORS: Los Alomos Scientific Labs, ROVER 
prime; Aerojet, NERVA prime; Westinghouse, propulsion. DESCRIPTION: 


45 


First nucleor rocket; tests of Kiwi, prototype of NERVA engine, under 
woy. STATUS: Kiwi tests to be completed this yeor; development af 
Phoebus reoctor initioted; no flight test progrom funded ot present. 


SATURN | (NASA)—CONTRACTORS: Systems engineering, assembly 
ond guidonce, Morsholl Center; S-1 stoge, Chrysler Corp.; S-IV, Douglos. 
DESCRIPTION: Two-stoge vehicle for early boilerplote tests of APOLLO 
and MDS; first stoge: eight Rocketdyne H-1 engines; second stoge: six Prott 
& Whitney RL-10-A3 engines; 22,000 Ibs. into 345-mi. orbit. STATUS: Four 
flight tests of first stage successful; oll flights with inert upper stoge; first 
fight with live upper stoge successfully lounched Jon. 27, putting 37,700 
Ibs. in low Eorth orbit; SA-6 Moy 28; 1964, also successful; faur more R&D 
flights plonned to complete development effort, 


SATURN I-B (NASA)--CONTRACTORS: Systems engineering, assembly 
ond guidonce, Marsholl Center; S-1 stoge, Chrysler; S-IVB stoge, Dauglas. 
DESCRIPTION: S-1, eight H-1 engines; S-IV8, one J-2 engine; paylood 
capobility, 2B,500 Ibs. in 345-mi. orbit. STATUS: Development; first Aight 
in 1966; boost APOLLO spacecroft boilerplote models, including lunor 
londing vehicle; first manned flight in APOLLO program set far late 1966; 
odvanced version oble to orbit 30 tons under considerotion. 


SATURN V (ADVANCED SATURN) (NASA)—-CONTRACTORS: Systems 
engineering, ossembly and guidonce, Morcholl Center; S-IC, Boeing; S-Il. 
North American; S-IVB, Douglos; F-1, North American; J-2, North Ameri- 
can. DESCRIPTION: S-IC, five F-1 engines; S-ll, five J-2 engines; S-IVB, 
J-2 engine; 120-ton payload in 345-mi. orbit; 43 tons to escape velocity; 
30 tons for plonetory missions, STATUS: R&D; first flight scheduled for 
1967; prime booster for APOLLO missions; moy olso be used to boost 
orbiting spoce stotion. 


SCOUT (NASA)—CONTRACTORS: LTV Astronoutics, prime; Honeywell, 
guidance; Aerojet/Thiokol/Allegony 8ollistics Loborotory, propulsion. 
DESCRIPTION: Solid propulsion four-stoge sotellite louncher; 72 ft. long; 
3.3 ft. dio.; 300-Ib. poylood in 345-mi, orbit; BO Ibs. to escape. STATUS: 
Operotionol; used by NASA for EXPLORER ond other smoll poyloods; 
also procured by NASA for Air Farce os BLUE SCOUT; NASA hos or- 
dered 23 more boosters. 


THOR-ABLE STAR (Air Force)-—CONTRACTORS: Douglos, prime; 8ell Tele- 
phone Lobs, guidonce; Rocketdyne, first-stoge propulsion; Space/Generol, 
second; DESCRIPTION: Two-stage vehicle with 181,900 Ibs. totol thrust; 
performonce, 900 Ibs., in 100-n.-mi. orbit; length, 55.9 ft., diameter, 8 ft., 
weight, 118,200 Ibs., height, 79 ft.; guidonce, rodio commond; STATUS: 
Operotional; used in TRANSIT ond other militory pragram. 


AADS-70 (Army)—CONTRACTORS: Hughes/Douglos/FMC, RCA/8eech, 
competitive component development controcts. DESCRIPTION: Field ormy 
bollistic missile defense system, mobile. STATUS: No decision to develop 
system hos been mode; component development funded of $5 million in 
FY ’65; expected to provide bosis for progront definition in 1965. 


ALFA (RUR-4) (Novy)—CONTRACTORS: Novy, prime; Aveo, frome; No- 
vol Propellont Plont, propulsion; DESCRIPTION: ASW,’ surface-to-under- 
woter; weight, 500 Ibs.; solid propulsion; H.£..depth chorge; ronge, 900 
yds.; guidonce, free-flight. STATUS: Operotionol; deployed on destroyers 
ond cruisers. 


ANTI-SATELLITE WEAPON (Air Force}—CONTRACTORS: None onnounced. 
DESCRIPTION: Surfoce-to-oir; THOR ond THRUST-AUGMENTED THOR 
boosters; AGENA D second stoge; rodor-homing third stoge. STATUS: 
Full-scole development; flight tests in late 1965 or ‘eorly 1966. 
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ASROC (RUR-5A) (Navy}—CONTRACTORS: Honeywell, prime; Songomo 
Electric, sonar; GE, torpedo; Libroscape-Generol Precisian, fire control. 
DESCRIPTION: ASW, surfoce-to-underwoter; weight, 1,000 Ibs.; solid 
propulsion; warheod, nucleor or conventionol; range between 1,800 yds. 
ond 8 mi.; guidance, unguided. STATUS: Operotionol on DE, DD, DLG, 
& heovy cruisers; one “live” weopon fired in Pocific nucleor tests; indus- 
try competition for extended ronge versian expected this yeor, 


ASTOR (Mk-45) (Novy)—-CONTRACTORS: Westinghouse, prime. DESCRIP- 
TION: Mork 45 ASW, underwoter-to-underwoter torpedo; weight, over 
2,000 ‘bs.; solid propulsion; worheod, nucleor or conventionol; ronge, 
obout 11 n.mi.; guidonce, wire. STATUS: In production; deployed on 
hunter-killer submorines. 
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THOR-AGENA D (Air Force ond NASA)—CONTRACTORS: no prime; Dauc 
los, THOR frame; Lockheed, AGENA D; Rocketdyne, propulsion. DESCRIP- 
TION: Liquid-propulsion vehicle to put 1,600-lb. poylood in 300-mi. orbit; 
length, 76 ft; diometer, 8 ft.; lounch weight, 123,000 !bs.; 172,00 Ibs. 
thrust; THOR, rodio guidance, AGENA, oll-inertiol, STATUS: Operational; 
used in AF spoce program; TELSTAR, Topside Sounder ond other NASA 
progroms; NASA hos 11 lounched scheduled. 


THRUST-AUGMENTED DELTA (NASA)—CONTRACTOR: Douglas, prime; 
Thiokol, solid propulsion. DESCRIPTION: DELTA lounch vehicle with three 
strop-on solids; performonce, 1,000 Ibs. to Earth orbit; 150 Ibs. to escope; 
propulsion, three XM-33 solid motors producing 55,000 Ibs. thrust eoch. 
STATUS; Development; to be used for BIOSATELLITE, PIONEER, SYNCOM, 
TIROS and COMSAT Progroms; initiol flight in 1964, 


THRUST-AUGMENTED THOR (Air Force/NASA)—CONTRACTORS: no 
prime; Rocketdyne, ond Thiokol, propulsion. DESCRIPTION: THOR-AGENA 
with 3 strop-on solids; THOR liquid propulsion, 172,000 Ibs. of thrust; eoch 
strop-on, 55,000 Ibs. thrust; performonce, 2,500 Ibs. in 100-n.mi. orbit. 
STATUS; Operotionol; used for NIMBUS ond POGO ond others too heavy 
far THOR, but not heavy enough for ATLAS. : 


TITAN Il (GLY) (NASA)—CONTRACTOR: Mortin, prime. DESCRIPTION: 
Manned spoce booster; Essentiolly Titon Il with oddition of redundont 
electricol power and flight contro! systems; molfunction detection system 


ond rodio commond guidonce. STATUS: Development; GT-2 (unmanned. 


versian) to be launched lote this yeor. - 


TITAN Wl (Air Farce Program 624A)—-CONTRACTORS: Martin, systems 
integrotion; United Technology, lorge solid boosters; Mortin, TITAN II 
vehicle; Aerojet, liquid engines; Mortin, stondardized upper stoge; AC 
Spork Plug, guidence. DESCRIPTION: Quick-reaction vehicle for militory 
spoce missions; will be used ta boost MOL/GEMINI 8; Zero stoge, two 
120-in. solid motors; first and second stoges, TITAN II (storoble propel- 
lonts); third-stoge standordized vehicle to be developed; modified TITAN 
Il guidonce; poylood, 25,000 Ibs. in 100 n.mi. orbit, 2,100 to 22,300-mi. 
orbit; 5,000 to escope. STATUS: Development; first flight Sept. 1 
(T-IIA) ochieved primory ond secondory objectives, but foiled to ochieve 
orbit; Jonuory, 1965 (T-IIIC); 17 development flights plonned; five TITAN 
Il core vehicles (A version), 12 full TITAN Iil’s (C version); operationol in 
1966; an unmonned roted version—Titon I1|X—being studied os more 
cost /effective booster for satellite lounches. 


ATLAS (PGM-15) (Air Force) —CONTRACTORS: TRW Spoce Technalagy 


Loborotories, systems engineering & technicol directian; GD/Astronoutics, ~ 
frame; GE/8urroughs/Arma, guidonce; Rocketdyne, propulsion; GE/Avco, 


re-entry vehicle. DESCRIPTION: ICBM; weight, 266,000 Ibs.; liquid propul- 
sion; worheod, nucleor; ronge, 5,500-9,000 mi.; ATLAS “E” ond “F’” series 
inertiol guidonce, ATLAS “D” rodio inertiol, STATUS: 13 squodrons op- 
eratianol ot 11 boses; tatol number of missiles, 126; phoseout of ATLAS 
D’s to begin in FY ’65; ATLAS Stondord Lounch Vehicle being developed 
far AF spoce programs; ATLAS being used in conjunction with ATHENA 
launches ot Green River, Utoh, in on effort to develop scaling lows for 
re-entry bodies (Advonced Bollistic Re-entry Systems progrom), 


TL 


BOMARC A (AIM-10A) (Air Force)}—-CONTRACTORS. 80eing, prime; IBM/ 
Westinghouse, guidonce; Aerojet/Morquordt, propulsion. DESCRIPTION: 
Surfoce-to-oir interceptor; weight, 15,000 Ibs.; liquid booster/romjet pro- 
pulsion; worheod, nucleor; ronge, 200 n.mi.; guidonce, commond via 
SAGE; speed; MACH 2.5; ceiling, over 6B,000 ft. STATUS: All A missiles at 
five boses operotianal in northeostern U.S. to be phosed out by the end 
of 1965; production completed; costs $20 million per yeor to operote 
system. 
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BOMARC B (AIM-10B) (Air Force}—CONTRACTORS: Boeing, prime; Gen- 
ero! Precision Aerospoce/Westinghouse/I8M, guidonce; Thiokol/Mor- 
quordt, propulsion. DESCRIPTION: Surfoce-to-oir; weight, 16,000 Ibs.; 
salid booster/romjet propulsion; worheod, nucleor; ronge, more thon 400 
n.mi.; guidonce, cammond vio SAGE; speed, Moch 2.7. STATUS: Three 
boses operotional production completed; the 1B8 B models will be dis- 
tributed omong the eight boses ofter the A model is phosed out. 
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- B8ULLPUP (AGM-12 B & C) (Novy-Air Force) —CONTRACTORS: Moxson 
Electronics Co., prime; AMF, liquid engine; Thiokol, solid propulsion; 
Novol Propellont Plont, solid propulsion. (motor flooding). DESCRIPTION: 
Air-to-surfoce; ronge, 3-6 mi.; guidonce (visuol reference), rodio-link com- 
mond. BULLPUP A: Solid propulsion; worheod, 250-lb. H.E. 8ULLPUP 8: 
pre-pockoged liquid motor; worheod, 1,000-Ib. H.E. STATUS: BULLPUP A 
deployed with Atlontic ond Pocific Fleets; operotionol with U.S. Air Force 
& NATO units; troining version (ATM-12) being procured by both services; 
being produced in Europe for NATO. 


CLOSE-SUPPORT ASSAULT WEAPON (Novy)—CONTRACTORS: Novy Bu- 
reou of Weopons ond Johns Hopkins Applied Physics Lob, prime; United 
Aircroft Norden Div., guidonce. DESCRIPTION: Ship-to-shore; outside di- 
mensions compotible with TERRIER shipboord instollotions; solid propulsion; 
worheod, high explosive; ronge, 30-mi. minimum; guidonce, inertiol ond 
terminol. STATUS: Carried os o line item in FY ‘66 budget; funding to 
some degree dependent on results of guidonce system flight tests ot WSMR 
oboord SERGEANT missiles.- 


CONDOR (AGM-53) {Novy)—CONTRACTORS: In-house; Novel Ordnonce 
Test Stotions DESCRIPTION: Air-to-surfoce; configurotion  clossified. 
STATUS: Development; intended for use with Novy version of F-111. 


CORPORAL (MGM-5) {Army)—CONTRACTORS: Firestone,. prime; 1TT- 
Giifillon, guidonce; Ryon, propulsion. DESCRIPTION: Surfoce-to-surfoce; 
weight, 11,000 Ibs.; liquid propulsion; worheod, nucleor; ronge, 75 n.mi.; 
guidonce, pre-set ond commond. STATUS: All units de-octivoted; reploced 
by SERGEANT ; 


’ 


DAVY CROCKETT (M-388) (Army)—CONTRACTORS: In-house project di- 
rected by Army Weapons Commond ot Rock Islond, Ill. DESCRIPTION: 
Surfoce-to-surfoce; solid propulsion, bozocko-lounched; worheod, sub- 
kiloton nucleor; guidonce, free flight; two lounchers—vehicle-mounted or 
corried by two men. STATUS: Operotionol in Europe; $13 million provided 
in FY ‘64 budget; 3 per ROAD bottolion; seen os defensive rother thon 
offensive weopon to prevent overrun of Europe. 


ENTAC (MGM-32) (Army)—-CONTRACTORS: Nord Aviotion, prime. DE- 
SCRIPTION: Anti-tonk; weight, 37 Ibs. with louncher; solid propulsion; 
worheod, shoped-chorge H.E.; rongé, 6,600 ft.; guidonce, wire-guided; 
mon-portoble. STATUS: Operotionol: procurement complete; will be re- 
ploced by TOW. 


FALCON {AIM-4 A, C, E, F,26A/47A) {Air Force)—CONTRACTORS: 
Hughes, prime; Hughes, guidonce; Thiokol, AIM-4/26 propulsion; Lockheed 
Propulsion, AIM-47 propulsion. DESCRIPTION: Air-to-oir: weight {AIM-4/ 
47), more than 100 Ibs.—{AIM-26), more thon 200 Ibs.; ronge 5 n.mi.; 
supersonic; solid propulsion; worheod, H.E.- (except for AIM-26); AIM-4A, 
and 4E, octive rodor homing guidonce; AIM-4C, ond 4F, IR homing; AlM- 
26 model hos nuclear worheod and hybrid IR rador homing. STATUS: 
Operotionol; buy-out of 4E, 4F ond 26 in FY ‘62; AIM-47 under develop- 
ment & being evoluoted for YF-12A (A-11). 


FLEET AIR DEFENSE MISSILE (Novy) CONTRACTORS: None onnounced. 
DESCRIPTION: Surfoce-to-oir. STATUS: Will reploce stondordized missile 
ond use technology from TYPHON progrom; fleet defensive weopons for 
1970's. 


GENIE (AIR-2A) (Air Force}—-CONTRACTORS: Douglos, prime; Aerojet- 
Generol, propulsion. DESCRIPTION: Air-to-oir; weight 800 Ibs.; unguided; 
solid propulsion; worheod, nucleor; ronge, 6 n.mi.; guidonce, free flight; 
supersonic; proximity fuzing. STATUS: Procurement complete; operotionol 
on F-1018 ond F-106; improved version concelled. 


HAWK (MIM-23A) (Army)—CONTRACTORS: Roytheon, prime; Roytheon, 
guidonce; Aerojet-Generol, propulsion. DESCRIPTION: Surfoce-to-air; 
weight, 1,275 tbs.; solid propulsion; worheod, H.E.; ronge, 22 mi.; guid- 
once, semioctive rodor homing; 100-45,000-ft. ceiling; provides defense 


ogoinst medium ond low-flying oircroft ond cruise-type missiles. STATUS:- 


Operotionol; deployed in Europe, Ponomo, Okinowo, U.S. (13 bottolions); 
bought by Sweden ond Isroel; R&D being conducted to odopt selected 
HAWK units to on onti-tocticol bollistic missile; NATO producing. 


HIBEX (ARPA/Army) CONTRACTORS: Boeing, prime; Hercules ond Aero- 
jet, propulsion. DESCRIPTION: Experimento! progrom in high-energy pro- 
pellonts; cone shoped missile; performonce clossified; solid propulsion. 
STATUS: Development; occelerotions of 800 to 1,000 g’s gool; flight test 
progrom of 10 vehicles to be conducted ot WSMR beginning lote this yeor. 


HONEST JOHN (MGR-1) (Army)—-CONTRACTORS: Douglos/Emerson 
Electric, prime; Hercules, propulsion. DESCRIPTION: Surfoce-to-surfoce; 
weight, 5,900 Ibs.; single-stoge solid propulsion; worheod, nucleor; ronge, 
12 mi. (M-31), 20 mi. {(M-50); unguided. STATUS: Operotionol; M-50 being 
deployed in Europe; to be reploced by LANCE; procurement complete. 
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HOUND DOG (AGM-28) (Air Force)——-CONTRACTOPS. North » icon, 
prime; Autonetics, guidonce; Prott & Whitney, propulsion. DESC IN: 
Air-breothing oir-to-surfoce stondoff missile; weight, 9,400 t 


propulsion; worheod, nucleor; ronge, sbout 600 nimi; gu 
inertiol; ceiling in excess of 50,000 ft.; Moch 2+-. STATUS : > 
to be lounched from B-52G intercontinento! bombers; proc co 
plete. 


LANCE (XMGM-52) (Army) CONTRACTORS: Ling-Temco-Vought. prime; 
Systron-Donner, guidonce. DESCRIPTION: Highly mobile genero pose 
missile; very light weight; pre-pockoged storoble liquid propelloni; wor 
heod, nucleor ond H.E.; ronge, 3-30 mi.; guidonce, Automet inertiol, one 
missile per louncher. STATUS: Lorge-scole development; eveniuolly will re- 
ploce HONEST JOHN ond LACROSSE ond perhops LITTLE JOHN; division 
support weopon; to use multi-system test equipment. 


LITTLE JOHN {(MGR-3) (Army)—-CONTRACTORS: Emerson Electric, prime; 
Hercules Powder, propulsion. DESCRIPTION: Surfoce-to-surfoce; weight, 
800 Ibs.; solid propulsion; worheod, nucleor; ronge, 10-mi.; unguided; 
supplements medium ond heovy ortillery in oirborne divisions ond oir- 
tronsportoble commonds. STATUS: Two bottolions octivoted in 1961; eoch 
equipped with four lounchers; cir ond helicopter tronsportoble; moy be 


reploced by LANCE. 


LOW ALTITUDE SUPERSONIC VEHICLE (Air Force)-—-CONTRACTORS: 
Ling-Temco-Vought, nucleor vehicle components; AEC/Morquordt, nucleor 
ond chemicol technology; Lockheed, studies of chemico!l version. DESCRIP- 
TION: Surfoce-to-surfoce, low-oltitude; nuclear or chemico! romjet; de- 
signed to conduct long oeriol potrols ot speeds up to 2,000 mph. STATUS: 
Nucleor propulsion system being developed under project PLUTO; feosibil- 
ify proven by TORY reoctor tests Tory II-C tests in Moy, 1964 highly suc- 
cessful exceeding oll expectotions; progrom concelled in July, 1964 for 
lock of o requirement. 


M72 (Army)—CONTRACTORS: Hesse-Eostern Div., Flightex Fobrics, prime. 
DESCRIPTION: Light ontitonk rocket; weight, 4.5 Ibs.; solid propulsion; 
worheod, H.E.; ronge, 500 yds.; guidonce, free flight; corrier tube 
louncher; eorlier colled LAW. STATUS: Operotionol. 


MACE (MGM-13A, CGM-138) (Air Force)\—CONTRACTORS: Mortin, prime; 
Goodyeor/AC Spork Plug, guidonce, Thiokol/Allison, propulsion. DESCRIP- 
TION: Air-breothing surfoce-to-surfoce; weight, 18,000 Ibs.; turbojet ond 
solid propulsion; worheod, nucleor ond H.E., ronge, over 650 n.mi. (Model 
A), over 1,200 n.mi. (Model B); guidonce, Mop-motching {A), Inertiol (8). 
STATUS: Five MACE-A ond one MACE-8 squodron (in hord sites) deployed 
in Europe; two MACE-8 squodrons on Okinowo in hord sites. 


MATADOR (MGMN-IC) (Air Force)—-CONTRACTORS: Mortin, prime; Air 
Force, guidonce; Thiokol/Allison, propulsion. DESCRIPTION: Air-breothing 
surfoce-to-surfoce; weight, 10,000 Ibs.; turbojet ond solid propulsion; wor- 
head, nucleor or H.E.; ronge, over 600 n.mi.; guidence, MSQ rodor ond 
form of LORAN; speed, about 650 mph.; ceiling obove 35,000 ft. STATUS: 
West Germons ond Notionolist Chinese employing system. 


MAULER (MIM-46) (Army)—CONTRACTORS: GD/Pomono, prime; Hughes, 
guidonce; Lockheed, propulsion; deHovillond, IR ocquisition; Roytheon, 
rodor; 8urroughs, computer; FMC, corrier vehicle. DESCRIPTION: Surfoce- 
to-oir; weight, 120 lbs.; solid propulsion; worheod, nucleor, H.E.; guidonce, 
IR ocquisition; highly mobile antioircroft ond ontimissile missile; trocked 
vehicte; 9 missiles per louncher. STATUS: Development; suffering serious 
pockoging problems: Army postponing more odvonced models until ofter 
feosibliity volidotion progrom hos determined if system con be soved. 


MAW (Army)—CONTRACTORS: McDonnell Aircroft Co. ond Army Missile 
Commond, development of competitive opprooches to Medium Anti-Tonk/ 
Assoult Weopon requirement; Ford Instrument Co., gyro pockoge for Army 
version. DESCRIPTION: Surfoce-To-Surfoce; solid propellont; ronge, 500- 
1,500 yds.; shoulder-fired; McDonnell version wire-guided; Army version 
two-degree-of-freedom, free rotor gyro. STATUS: Explorotory Development; 
Competitive opprooches to be fired off ogoinst eoch other in Summer 
1965 ond the best ollowed to proceed into ful!-scole development. 


MINUTEMAN (LGM-30) (Air Force) —CONTRACTORS: TRW Spoce Tecan 
nology Loborotories, systems engineering ond technicol directi Soeing, 
mojor controctor; Autonetics, guidence; Thiokol, first-stoce propulsion; 
Aerojet, second-stoge propulsion; Hercules, third-stoge propulsion; Aveo 
re-entry vehicle. DESCRIPTION: 2nd-generotion IC8M; weight, over 65,000 
Ibs.; solid propulsion; worheod, nucleor; 3 stages; ronge, over 5,000 mi.; 
guidonce, oll-inertiol, torget selected in seconds; 32-sec. reaction time. 
STATUS:, MINUTEMAN II under development; 600 MINUTEMAN |! now 
operotional; 1,000 missiles through FY ‘65; odvonced version con be fired 
by oirborne commond posits; deployed in hordened ond dispersed silos; 
MINUTEMAN II expected operotionol 1965, to be co-locoted with MMI; 
olso some of the II’s reploce earlier models; MMII hos greater occurocy 
ond ronge poylood thon | version. 
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MOBILE MEDIUM-RANGE BALLISTIC MISSILE (Air Force)}-——-CONTRAC- ee ' 
_Forrogut, guidonce; Rocketdyne, propulsion, DESCRIPTION: Surfoce-to- 
surface; weight, 62,000 Ibs,; liquid propulsion; worheod, ‘nucleor; ronge,- 


TORS: (development phose) Hughes, integrotion, ossembly ond checkout; 


Philco Aeronutronic, re-entry system; Thiokol, propulsion; Goodyeor Aero-. 


spoce Corp., tronsporter-louncher-erecter; Mortin Morietto,, commond ond 
control; Generol Precision, guidonce. DESCRIPTION; Two-stoge MRBM; 


weight, 11,000 !bs.; solid propellent; rongey 1,100-2,000 mi.; guidonce, | 


stellor-inertial; entire system contoined in one mobile vehicle; STATUS: 
lock of deployment objective or volid militory requirement hos coused 
Congress to cut $70 million from $110 million requested; DOD cancelled 
the progrom in August, 1964 except for commond & control and guidonce 
system developments. 


NiKE-HERCULES (MIM-14B) (Army)—CONTRACTORS: Western Electric, 
prime; Western Electric, guidonce; Hercules ond Thiokol, 
Douglos, oirfrome, DESCRIPTION: Surfoce-to-oir, ontiaircroft, 
weight, 10,000 ibs.; solid propulsion; worheod, nucleor or H.E.; ronge, 75- 
mi.; guidonce, command; Moch 3-+; ceiling in excess of 150,000 ft. 


STATUS: Over 80 botteries deployed in U.S. being turned over to No- | 


fiona! Guord; over 10 N-H botteries deployed overseos; being equipped 
with HIPAR, o high power acquisition rador, ond onti-tocticol-bollistic- 


missile copabilities. Re-locotion of some Hercules botteries under consid-. 


eration by JCS. 


NIKE-ZEUS (XLIM-49) (Army)—CONTRACTORS; Western Electric, prime; 


Bell Telephone, guidonce; Thiokol/Lockheed, propulsion; Douglos, oirfrome. 
DESCRIPTION: Antimissile missile, 3-stoge; weight, 22,800 Ibs.; solid pro- 
pulsion; worheod, nucleor; range, 200-mi.; guidance, commond; length, 
48 ft.; diometer, 36 in.; fin spon, 10 ft. STATUS: Missile to become port 
of NIKE-X missile “mix”; development, except os port of X, hos ended; 
no intercept “foilure’ in more thon o ‘yeor of tests, 


NIKE-X (Army)—CONTRACTORS: Western Electric, prime; Bell Telephone, 
guidance; Thiokol, ZEUS propulsion; Douglos, ZEUS oirfrome; Mortin 
Morietto, SPRINT missile prime; Hercules ond Lockheed, SPRINT propul- 
sion. DESCRIPTION: Successor to ZEUS os on onti-ICBM system; uses 
o mix of ZEUS/SPRINT missiles ond multi-function orroy rodor (MAR). 
STATUS: Engineering development; funded ot $334 million in FY ‘65 on 
occeleroted development schedule, but deployment still deferred; tests to 
be conducted lote this yeor with MAR ot WSMR, New Mexico, could pro- 
vide bosis for deployment decision; deployment costs: $12-20 billion. 


PERSHING (MGM-31) (Army)—CONTRACTORS: Mortin, prime; Bendix 
guidance; Sperry Forrogui, fuzing ond oiming; Thiokol, propulsion. DE- 
SCRIPTION: Surfoce-to-surfoce; weight, 10,000 Ibs.; two-stoge solid pro- 
pulsion; worheod, nuclear; ronge, opprox. 400 n.mi.; guidonce, intertiol; 
tronsported on FMC M474 trocked vehicles; reploced REDSTONE. 
STATUS: Flight test progrom completed; troop firings from Ft. Wingote, 
N.M., to White Sonds being conducted; number of lounches per unit to be 
increosed; West Germony orgonizing two bottolions; first U.S. PERSHING 
bottolion deployed to Germony in April. 


PHOENIX (AIM-54) (Novy)——-CONTRACTORS: Hughes Aircroff Co., 
prime; Rocketdyne, propulsion. DESCRIPTION; Air-to-missile for use with the 
F-INB fighter oircroft; eoch oircroft will be oble to corry six missiles, 
STATUS; Development; also to be tested for use on A-11 aircroft. 


POLARIS (UGM-27 A, B, €) (Novy)}—CONTRACTORS: Lockheed, prime; 
GE/MIT/Hughes/ Honeywell/Roytheon, guidonce ond fire control; Aerojet- 


General/Hercules, propulsion; Lockheed, re-entry vehicle; Nortronics, check-- 


out; Autonetics/Sperry, SINS; Westinghouse, lounching equipment; Vitro, 
systems engineering coordinotion ond troining; Systron-Donner, ignition 
progromming. DESCRIPTION: Underwoter- ond surfoce-to-surfoce; weight, 
30,000 Ibs.; solid propulsion; worheod, nucleor; range, 1,200 n.mi, (A-1), 
1,500 n.mi, (A-2), 2,500 n.mi. (A-3); guidonce, oll-inertiol. STATUS: 16 
operotiono! eoch with 16 missiles; A-1 @boord first five submorines; A-2 
operotionol oboord subs 16-18; A-3 to be operotionol in August 1964 
oboard subs 19-23; totol of 41 POLARIS subs outhorized; deployed in 
Atlontic ond Mediterroneon; Pocific deployment to begin by end of yeor; 
British to buy A-3 missiles from US, B-3 progrom definition included in 
FY ‘65 budget. 


QUAIL (ADM-20C) (Air Force)-—-CONTRACTORS; McDonnell, prime; Mc- 
Donnell Electronics, guidonce; GE, propulsion; Thompson Romo Wooldridge, 
ECM equipment. DESCRIPTION: ECM-corrying decoy which simulotes B-52 
bomber to enemy rodor; turbojet powered; ronge, 250 mi.; guidance, 
gyroscopic outopilot, STATUS: Deployed ot SAC hoses; corried by 8-52; 
procurement completed FY ‘61; odvonced version with 400-mi.ronge hos 
been flight tested. 


REDEYE (MIM-43) (Army)—CONTRACTORS: GD/Pomono, prime; Hughes, 
IR seeker; Atlontic Reseorch, propulsion, DESCRIPTION; Surfoce-to-oir; 
weight, 22 Ibs.; solid propulsion; worhead, conventionol; guidonce, {R- 
homing; length, 44 in.; diometer, 2.75 in. STATUS: Development to con- 
tinue; Congress denied FY ‘65 procurement request; could be restored by 
Senote; growth versions plonned. 
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REDSTONE (PoM-11) (Army) CONTRACTORS: Chloe — a 


200 mi.; guidonce, inertiol. STATUS: No units remoining in inventory; re- 
ploced by PERSHING. 


REGULUS | (RGM-6) (Novy)—-CONTRACTORS:  Ling-Temco-Vought 


prime; Sperry, guidonce; Allison, propulsion. DESCRIPTION: Surfoce-to-. 


surfoce; weight, 14,000 tbs.; turbojet ond solid propulsion; worheod, 


nucleor; ronge, 500 n, mi.; gvidonce, inertial; speed, obout’ 600 mph; - 


ceiling, opprox. 40,000 ft. STATUS: Five REGULUS subs with 17 missiles 
are aperationol now; 3 subs (8 missiles) will be phosed out in FY “65. - 


SERGEANT (MGM-29A) ‘(Army)—CONTRACTORS: Sperry Utoh, _ prime; 
Sperry guidonce; Thiokol, propulsion. DESCRIPTION: Surfoce-tosurfoce; 
weight, 10,000 Ibs.; solid propulsion; worheod, nucleor; ronge, over 75.n. 
mi; guidonce, inertiol; uses drog brokes. STATUS: Operotionol; procure- 
ment complete; deployed in Europe; replocement for CORPORAL; West 
Germony buying system. 


SHILLELAGH (MGM-51A) (Army)—CONTRACTORS: Philco Aeronutronic,. 


prime; Picotinny Arsenol/Amoco Chemicols Corp., propulsion; Aeronu- 
tronic, guidonce. DESCRIPTION: Surfoce-to-surfoce; lightweight; solid pro- 
pulsion; worheod, nucleor or H.E.; guidonce, commond; vehicle-mounted 
for'use ogoinst field fortifications, ormor ond for close-in support of troops. 
STATUS: fnifiol procurement in FY ‘65; to use multi-system test equipment: 


engineering development stoge begon in FY ‘64; to be instolled on Gen. 


Sheridon ossoult vehicle; olso being considered for use on helicopters. 


SHRIKE (AGM-45A) (Novy)—CONTRACTORS: Novo! Ordnonce Test $to- 
tion-Chino Loke, prime; Texos Instruments, guidonce ond control; North 
Americon Rocketdyne (McGregor), propulsion, DESCRIPTION:  Air-to- 


surfoce, onti-rodor;: solid propulsion; gvidonce, possive rodor homing; 
~ formerly ARM. STATUS: Operotionol; ormoment for Novy ond Air Force 


tocticol aircrofi, 


é 


SIDEWINDER 1-C (AIM-9D) (Novy, Air Force) CONTRACTORS; Noval Ord- 
nonce Test Stotion, technicol direction; Phileo, guidonce; Novol Ammuni-. 


tion Depot, McAllister, motor looding; Rocketdyne (McGregor), propel- 


lont, DESCRIPTION; Air-to-oir; weight, obout 155 Ibs.; solid propulsion;- — 
worhead, H.E.; ronge, more thon 2 mi.; guidonce, IR. STATUS: 1A de- — 


ployed with Novy ond Air Force; 1-C version being procured os reploce- 
ment for 1A; NATO-built version now in production, 


SPARROW IIl-6B (AIM-7E) (Novy)—CONTRACTORS: Roytheon, prime; Roy- 
theon, oirfrome, control, 
Rocketdyne (McGregor), propulsion; McDonnell/Benrus Wotch Co., 
louncher. DESCRIPTION: Air-to-oir; weight, 350 Ibs.; solid propulsion; 
worheod, conventionol; ronge, 5-8 mi.z guidence, semi-octive CW hom- 
ing: Moch 2.5-3; ceiling, over 50,000 ft. STATUS: Eorlier models opero- 
tionol with corrier oircroft; SPARROW Il!-6B prime ormoment for 
Phontom II (F-4B) ond other high-performonce interceptors. 


SPRINT (Army)---CONTRACTORS: Mortin-Orlondo, prime; Hercules 
Powder/lLockheed Propulsion Co., propulsion; Bell Telephone Lobora- 
tories, guidonce. DESCRIPTION: High-occelerotion missile. for low-oltitude 
interception of bollostic missiles; nucleor; missile will be popped out of 
silo before motor is ignited; to be port of the missile mix in o 
NIKE-X bottery. STATUS: Development; SQUIRT vehicle to be used to 
test moteriols ond components for SPRINT ot White Sonds Missile Ronge. 


STANDARDIZED MISSILE (Novy)}—CONTRACTORS: Boeing, GE, Hughes, 
Roytheon, Sperry Rond, RCA, Westinghouse. DESCRIPTION: Surfoce-to-oir. 
STATUS: Progrom Definition; to be stondord replocement for TALOS, TER- 
RIER ond TARTAR. 


SUBROC (UUM-44A) (Novy)—CONTRACTORS: Novol Ordnonce Loboro- 
tory, technicol direction; Goodyeor, prime; Generol Precision Aerospoce, 
guidonce; Thiokol, propulsion; Generot Precision Libroscope, fire control, 
DESCRIPTION: Underwoter-oir-underwoter ontisubmorine  missile-depth 
bomb; solid propulsion; worheod, nucleor; ronge, 25-30 mi.; guidonce, 
inertiol. STATUS: Production; scheduled for instollotion in Thresher-closs 
subs; will be operotionol this yeor. 


55-10 (Army)—CONTRACTORS: Nord Aviotion, prime; GE, U.S. licensee. 
DESCRIPTION: Surfoce-to-surfoce, primorily ontitonk; weight, 33  Ibs.; 
solid propulsion; worheod, conventional; ronge, 1,600 yords; wire guided. 
STATUS: Operotiono! with U.S., French ond other NATO ond Western 
units; bottle-tested in North Africo; U.S. replocing with ENTAC. 


SS-11 (Army)—-CONTRACTORS: Nord Aviotion, prime. DESCRIPTION: 
Surfoce-to-surfoce ontitonk, olso helicopter-to-surfoce; weight, 63  Ibs.; 
solid propulsion; wire guided; worheod, conventionol; ronge, 3,800 yds. 
STATUS: Operotionol, to be used with oirborne units ond Army heli- 
copters. 
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guidonce; Aérojet-Generol/North Americon. 


TACTICAL PROBE (Navy)—-CONTRACTORS; Bendix, prime. DESCRIPTION: 
Surface-to-air; multiple, interchangeable payloads for each mission; 
booster, TERRIER ar TALOS from shipboard installations; high-impulse 


~ secand stage; range, 50-300 mi.; parachute descent. STATUS: Program 


definition; Navy told by DOD ta restudy requirements ond come up with 
a cheaper program. 


TALOS (RIM-BE) (Navy)—CONTRACTORS: Bendix, prime; Vitro, systems 
engineering; Bendix/McDonnell/Hercules Allegany Ballistics Lab., pro- 
pulsion; Sperry, guidance; GE, launching gear. DESCRIPTION: Ship-to- 
air; weight, 7,000 Ibs.; solid and ramjet propulsian; warhead, nuclear; 
range, 65 n. mi; guidance, radar beam riding/semi-active homing; Mach 
2.5. STATUS: Operational aboard cruisers Galveston, Oklahoma City 
and three heavy cruisers; Long Beach, nuclear-powered cruiser, has ad- 
vanced TALOS; “3-T” get-well program increasing reliability. 


TARTAR (RIM-24B8) (Navy}—CONTRACTORS: Vitro, systems coordination 
engineering; Applied Physics Lab, design and development; GD/Pamona, 
assembly and fest; Raytheon, guidance; Aerojet-General, prapulsian 
{motor loading); Sperry Farragut, fuze {target detection device). DE- 


* SCRIPTION: Ship-to-air; weight, 1,500 Ibs.; solid dual-thrust motor; war- 
head, conventional; range, 10 n. mi.; guidance, beam-riding; Mach 2. 


STATUS: Operational; installed aboard 15 guided missile destroyers and 
cruisers equipped with TALOS; get-well pragram progressing satisfac- 
torily. 


TERRIER (RIM-2E) (Navy)—CONTRACTORS: Vitro, systems engineering; 
GD/Pomona, prime; GD/Pomona, guidance section; Sperry, radar; 
Hercules Allegany Ballistics Laboratory, propulsion; Narthern Ordnance, 
launching gear. DESCRIPTION: Ship-to-air; weight, 3,000 Ibs.; 27 ft. long; 
solid propulsion; warhead, conventional; range 10 n. mi.; guidance, radar 
beam-riding ar homing; Mach 2.5. STATUS: Operatianal aboard two 
attack carriers, 6 cruisers, and 12 missile frigates; get-well program 
progressing satisfactarily._— 


TITAN | (HGM-25A) (Air Force) CONTRACTORS: TRY Socce Technolagy 
Laboratories, systems engineering and technical diresticn; Martin, prime; 
Bell/Sperry, guidance; Aerojet-General, propulsioa: reentry ve- 
hicle, DESCRIPTION: ICBM; weight, 220,000 Ibs.; LOX wor- 
heod, nuclear; ronge, 5,000 mi.; guidance, radio inertic it. long: 2 
stages. STATUS: Operational; 54 missiles at 5 bases. 


fueled 


TITAN II (LGM-25C) (Air Force)—Martin, prime; TRW Spacs hnelogy 
Laboratories, system engineering and technical direction; 40 Spari 
Plug, guidance; Aerojet-General, propulsion; GE, re-entry vehicic. DE 
SCRIPTION: ICBM; weight, 330,000 Ibs.; N20. and Aerozine-50 storable 
fuels; warhead, nuclear; range, over 5,000 mi.; guidance, inertial; 115 ft 
long; 2 stages; greatest payload and range of any U.S. ICBM; basic 
core vehicle for TITAN HI booster. STATUS: All 54 missiles operational; 
one squadron (18 missiles} aperational at Davis-Manthan AFB; one (18 
missiles) at McConnell AFB and one (18 missiles) at Little Rock AFB. 


TOW (Army)—CONTRACTORS: Hughes, prime. DESCRIPTION: Antitank; 
weight, 160 Ibs.; solid propulsion; warhead, H.E.; wire guided; aptically 
tracked; tube-launched. STATUS: Development; follow-on to ENTAC; firings 
being conducted at Army Missile Command. : 


WALLEYE (Navy)}——CONTRACTORS: Navla Ordnance Test Station, China 
Lake, DESCRIPTION: Guided air-to-surface bomb; weight, 1,000 Ibs., 
equipped with movable fins; propulsion type, none; warhead, high- 
explosive; range, several miles; guidance, TV contrast homing guided by 
pilot. STATUS: Engineering development; industry invited to bid on 
production of missile. 


ZUNI (Navy)—CONTRACTORS: Naval Ordnance Test Station, prime; 
Hunter-Douglas, propulsion. DESCRIPTION: air-to-surface; weight 107 |bs.; 
salid propulsion; warhead, conventional; range, 5 n.mi.; unguided; 


STATUS: Operational; designed for use on jet fighter and attack aircraft. 


ORDER REPRINTS OF THE ASTROLOG FROM: 


Research Department 
Missiles and Rockets 
1001 Vermont Avenue, N.W. 
Washington, D. C. 20005 


Price: 35 cents per copy. Payment must accompany order. 


The M/R Astrolog is a feature of American Aviation Publications, Inc. 
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A Short Guide to 


LINEAR AND ANGULAR 


Py 
brs), 


A. Model 4310 0.1% Linear Accelerometer. 

B. Model 5410 Non-pendulous Linear Accelerometer. 
C. Model 4525 Angular Accelerometer. 

D. Model PHU Miniature Free Gyro. 

E. Model 4403 Acceleration Switch. 

F. Model 4106 Vernier Range Extender. 


atime remAmatmtn NS Se meer) 


ACCELEROMETERS, 


GYROS, ACCELERATION SWITCHES, 
and other acceleration implementing systems 


Madel 4310 0.1% Linear Accelerameter — This 
high output, high resolution transistorized 
accelerometer is designed for demanding 
measurement and control applications met 
in telemetry, gyro-erection, programming, 
and short range inertial guidance. 

Key specifications: non-linearity plus hys- 
teresis, within 0.05% deviation from best 
straight line; standard ranges, between 
£0.05 g full range and +30 g full range; 
resolution, better than 0.0002% full scale; 
weight, 3.5 ounces; standard output, 
+742 vy dc and/or £1.5 ma full scale; 
options, biased output, liquid filled units, 
and/or 28 v de operation; 0 to 5 v dc out- 
put; price, standard unit, $450. 


NOT PICTURED BUT SIMILAR IN APPEAR- 
ANCE TO THE MODEL 4310 ARE: 


Madel 5310 Flexure Accelerameter, Specially 
designed for high g applications. A flex- 
ure supported lightweight mechanism 
eliminates null uncertainty normally ex- 
perienced with jewel bearing type acceler- 
ometers. 


Model 4810 Guidance Accelerometer with high 
performance torque coil that improves 
hysteresis, non-repeatability and zero out- 
put by a factor of 10 to 1. 


Madel 4211 Law Cast Servo Accelerameter ~A 
pivot and jewel pendulous accelerometer 
with all the features of a true servo accel- 
erometer for a price below $400. 


and Angular Accelerometers, 
Address your request to: Inertial 


fornia 94520. 


FREE A 6-page product specification guide to Linear 
Gyros, and Flight Systems. 
Instrumentation Dept., 
Systron-Donner Corporation, 888 Galindo St., Concord, Caii- 


Madel 5410 Nan-pendulaus Accelerameter — A 
high compliance, pure translational accel- 
erometer utilizing a non-pendulous flexure 
suspended seismic mechanism. Features 
high output, high resolution and high ac- 
curacy in environments of high accelera- 
tion, shock and vibration. 

Key specifications: non-linearity <0.05%; 
hysteresis <0.02%; resolution infinite; 
range +0.5 g to +30 g; shock, 50 g op- 
erating, 200 g survival. Physical configu- 
ration, round case. 


Model PHU Miniature Free Gyra—T his unit com- 
bines a low cost miniature design with a 
very flexible choice of made-to-order mod- 
ifications. It can be adapted to a variety 
of applications where space limitations are 
critical and performance is a must. Op- 
tions include manual or electrical cage 
and uncage, remote or integral power sup- 
ply, and single or dual pickoffs. Measures 
only 2” in dia. by 2” long; weight 9 oz. 
OTHER GYROS AVAILABLE: Madels PJH Rate Gyra, 
PAW HIG-4 Integrating Gyra, PAU HIG-3 Integrat- 
ing Gyra, and PJT Two-Axis Free Gyra. 


Madel 4403 Acceleration Switch—Systron- 
Donner acceleration switches are used to 
accurately determine the point of thrust 
termination in missile and satellite ve- 
hicles. Because of their high natural fre- 
quency, they offer excellent dynamic re- 
sponse. 
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Key specifications: ranges, 0.05 g to 100 g; 
unregulated power, 28 v dc +10%; tem- 
perature range, 30° F to 150°F; output, 
relay closure; weight approximately 12 
ounces. 


Model 4106 Vernier Range Extender—I he reso- 
lution of telemetered flight data can now 
be improved by a factor of 12 to 1 or 
more over standard 2% FM/FM data 
links. In operation, the Model 4106 pro- 
vides two distinct 0-5 vde outputs. One 
output generates +1.0 g steps of meas- 
ured acceleration, the other resolves the 
differences between steps to 0.04 g. 

Key Specifications: ranges, +0.05 g to 
+35 g; input power, +28 vdc +2 vdc; 
output, two 0-5 channels; weight 2.5 Ibs. 


OTHER SYSTEMS — 


Systron-Donner specializes in the manu- 
facture of accurate fixed and general pur- 
pose analog and digital systems designed 
to analyze, measure, and control inputs 
interlocking time, acceleration, jerk, veloc- 
ity, and other dynamic inputs. Typical sys- 
tems include accelerometer timer switches, 
airborne signal conditioner and event 
markers, escape and re-entry sub-systems, 
linear acceleration summing and storage 
devices, and peak reading vibration stor- 
age devices. 


SYSTRON S++ DONNER 


On 


space electronics 


Versatile Vibrating-Reed 
Electrometer Delivered to NASA 


Applied Physics Corp. instruments will be off-the-shelf units 
providing new high accuracy and stability for long satellite missions 


Monrovia, CALiF.—First of a series 
of vibrating-reed electrometers for meas- 
uring extremely low currents, intended 
for off-the-shelf use in satellite experi- 
ments, has been delivered to NASA’s 
Goddard Space Flight Center. 

Committed to no particular flight 
program, the instrument is planned as a 
reliable device of known characteristics 
that can be offered to physicists for use 
in a variety of satellite experiments. 


Five electrometers, made by Applied 
Physics Corporation, are to be delivered 
by the end of October, under a $66,000 
fixed-price contract. 

Harold Reed, Engineering Tech- 
nician in the Aeronomy and Meteoro- 
logical division at Goddard, explained 
that this funding was part of a program 
to provide instruments with high ac- 
curacy and stability over long missions. 

He suggested that most of the easy 


TOP: New Cary Model 3710 Vibrating- 
Reed Electrometer designed for space- 
flight studies being held to compare its 
size with laboratory-type Model 31 Elec- 
trometer. New Model 3710 contains built- 
in preamplifier input unit, while Model 31 
unit is separate (shown alongside main 
amplifier in photo). LEFT: Photo illus- 
trates comparative sizes of Cary vibrating- 
reed converter unit (left) used in laboratory 
electrometers and new space vibrating-reed 
converter unit. 
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experiments for satellites had been done 
and now more accurate measurements 
of the characteristics of space were re- 
quired. At the same time, larger pay- 
loads were becoming available and the 
capacity of experiments was outrunning 
instrument capabilities. 

@ Other awards let—Other con- 
tracts for this program to get better in- 
strument performance in space are a 
$75,000 contract with Raytheon to 
develop improved electrometer tubes 
and a contract—now concluded—with 
Melpar for development of stable multi- 
megohm resistors. 

Goddard probably will be putting 
out RFP’s for a study to look at semi- 
conductors for low-current measure- 
ments. The two areas of interest are 
insulated-gate field-effect transistors, 
and metal-oxide silicon diodes. 

Likely applications for the Applied 
Physics vibrating-reed electrometer are 
in spaceborne mass spectrometers, ioni- 
zation gauges, and electron-temperature 
probes. Proving flights in sounding 
rockets are likely in the spring of 1965. 

@ VRE specs—The VRE delivered 
to Goddard, Cary Model 3710, was 
developed from a Model 31 laboratory 
instrument. Weight was reduced from 
about 50 lbs. to 1,100 grams, volume 
cut by a factor of 30, and power con- 
sumption squeezed from 50 watts to 
1 watt. Overall dimensions are 4 in. 
by 6 in. by 1% in. 

The instrument has a limit of detec- 
tion of 10°? amperes. In its present 
form it has a linear range of 10°° to 5 x 
10°°6 ampere with one range change, 
using 5 x 10° ohm and 10?? ohm input 
resistors. 

Inherent accuracy is = 1%. 

In the laboratory, the instrument 
can detect a current of between 63 and 
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Our Experimental Engineering Department has a variety of attrac- 
tive openings for graduate engineers in the areas listed below. Since 
this work involves the development and refinement of highly- 
sophisticated (and frequently unorthodox) propulsion devices, 
these positions offer unusual challenge and opportunities for ad- 
vancement. 

Powerplant and Component Test — supervise the fabri- 
cation, assembly and test of experimental powerplants and com- 
ponents, evaluate test data, make recommendations for improving 
efficiency and durability of the item under development. 


Powerplant Performance Analysis — conduct current 
and advanced performance studies, perform system analysis, evalu- 
ate test data to provide a criteria for reeommending programs to 
improve efficiency and dependability of powerplants and com- 
ponents under development. 


At P&WA you’ll find a solid engineering team, a unique depart- 
mental stability and tough assignments with early responsibility. 
Just as working conditions are above average so are the living con- 
ditions in nearby rural, urban or suburban areas. 


For complete details, please send your resume to Mr. P. C. Smith, 
400 Main Street, East Hartford 8, Conn. or Mr. J. C. Morton, West 
Palm Beach, Florida. We are an equal opportunity employer. 


Experimental 
Engineers... 


| yal 


Whitney 
Aircraft 


DIVISION OF UNITED AIRCRAFT CORR 


An Equal Opportunity Emptoyer 


100 electrons per second, but this would 
not be a practicable measurement to at- 
tempt in a satellite. 

Automatic compensation for tem- 
perature changes of contact potential is 
incorporated. 

Drift rates of about 20 microvolts 
in 20 minutes are being obtained, and 
the instrument can be run for periods 
of 40 minutes without rezeroing. 

The d-e input signal to the instru- 
ment is converted to a-c by vibrating 
one plate of an input capacitor at 5 
ke. Amplification, rectification, and 
filtering yield the output signal. Negative 
feedback of part of this signal produces 
the instrument’s high stability. 

Automatic range changing will be 
fitted to flight versions of the VRE, to 
minimize effect of telemetry constraints. 

Areas of future interest at Goddard 
will be the response of the instrument 
to energetic particle radiation and to 
sterilization procedures. a 


DOD /Contractor 
Information System 
Pilot Test Begun 


A plan for establishment of an 
engineering data retrieval system 
for defense contractors and Dept. 
of Defense components was 
started on a one-year pilot test 
Sept. 1, the Pentagon has an- 
nounced. 

The test will determine feasi- 
bility, cost and user acceptance of 
a mechanized system for inter- 
change of engineering and techni- 
cal data. 

An exception will be informa- 
tion now being distributed by the 
Defense Documentation Center, 

The program is a joint effort 
of the military services, the De- 
fense Supply Agency of the Dept. 
of Defense, and selected defense 
contractors. 

It will use the present data- 
retrieval engineering system file 
of the Army Missile Command, 
at Huntsville, Ala., a mechanized 
microfilm data file of standards, 
specifications and common item 
drawings. 

A similar engineering data file 
will be assembled for fixed resis- 
tors in Federal Supply Class 5905, 
the announcement said. 

These will be located at ap- 
proximately 25 defense contractor 
facilities, 

Results of the pilot test will 
be evaluated in August, 1965, 
DOD officials said. 
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New angle-measuring interferometer 


Kollmorgen Model K-421 brings 0.02 second-of-arc sensitivity out of the laboratory into practical engineering use. 


Uniquely simple! Unlike conventional interferometers, 
portable Model 421 Pointing Interferometer has a single 
optical element .. . a special Koesters double-image prism 
having equal internal paths. Permanent calibration is in- 
herent. Minimum operator training is required. 


How it works! The four-pound Model K-421 is designed to 
mount on an alignment telescope having an NAS 2.25-inch 
diameter barrel. Two parallel beams of light are projected 
at a plane mirror. Mirror rotation changes the path lengths 
of the reflected beams and establishes an interference 
fringe pattern. 


Highly sensitive! Model K-421 is so calibrated that one 
interference fringe represents a mirror rotation of one sec- 
ond of arc. With the optical micrometer on the Kollmorgen 
K-122 alignment telescope, you can subdivide each fringe 
into increments as small as 0.02 second of arc. With the 
Model K-120 Line-of-Sight Alignment Telescope, visual in- 
terpolation to 0.1 second of arc is readily attained. Rotation 
angles up to 2000 seconds of arc can be measured. Meas- 
urement error does not exceed 0.1 percent of measured 


angle, or 0.02 second of arc, whichever is larger. Maximum 
working distance is 25 feet. 


A versatile instrument! Other uses for this high-precision 
interferometer include measurement of absolute pressure, 
gravity level reference, sphericity, film thickness, surface 
parallelism, refractive index differences and homogeneity of 
transparent materials. It also handles many of the angle 
measuring tasks usually assigned to autocollimators, but 
with five times the sensitivity. 


Informative 12-page bulletin contains complete data on 
Model K-421 and other new Kollmorgen optical tooling 
instruments: Single and Dual-Axis Autocollimators, Dual- 
Axis Automatic Autocollimator, Dual-Micrometer and Line- 
of-Sight Alignment Telescopes and all required accessories. 
Write today to Director of Instrument Sales for this bulletin, 
specifying whether you want early demonstrations. 


KOLLMORGEN 


CORPORATION 
NORTHAMPTON, MASSACHUSETTS 
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Space systems 


Camera Capsules Aid Saturn Program 


Cook Electric parachute-recovered system derived from early work 
lead to application in various future projects 


with missiles may 


A LITTLE-PUBLICIZED but im- 
portant and highly successful subsystem 
of Saturn I is aboard Saturn SA-7, due 
to be launched from Cape Kennedy this 
week. 

It is the recoverable camera capsule 
developed by Cook Electric Company, 
Morton Grove, Ill., for Saturn as an 
outgrowth of earlier recoverable data- 
acquisition capsules for Air Force mis- 


THESE PHOTOS were taken during Saturn SA-6 launch by 
D. B. Milliken Co.-built 16-mm cameras carried in Cook Elec- 
tric camera capsules. TOP LEFT; Looking into space from an 
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sile programs. The company believes 
that the concept may be useful in a 
variety of future space projects. 

Each of the last two Saturn I’s has 
carried eight of the Cook camera cap- 
sules containing D. B. Milliken Co.- 
built 16-mm motion picture cameras. 
After the SA-5 launch on Jan. 29, seven 
of the cameras were recovered before 
the search for the eighth had to be given 


y 
V4 


up because of choppy seas. During the 
flight of SA-6, launched May 28, the 
cameras recorded—among other things 
—separation, coast and ignition of the 
second stage. Jettisoned from 300,000- 
ft. altitude, all eight cameras were re- 
covered by the Air Force Air Rescue 
Service. 

SA-7 will also carry eight capsules. 

(Continued on page 56) 


outboard camera just before stage separation. TOP RIGHT: 


Second-stage ullage motor ignites. BOTTOM LEFT: Second 
stage coasts free. BOTTOM RIGHT; Second-stage motors ignite. 
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REQUEST AND AUTHORIZATION FOR MILITARY PERSONNEL TDY TRAVEL 


AND CIVILIAN PERSONNEL TOY AND PCS TRAVEL 
(aR 220.10 and CPR 73} 
1. TYPE OF TRAVEL ORDERS 


_&i 7P¥. YOM PROFER STA. [J PCS (Civilian only} 
2 NAME OF REQUESTING GFFICE 


Army. Tank Automotive Center ___ 


Co} cowsirman ORY OROERS 


bie TELSPHONE EXT. | 4 GATE 


ee a 1 23.June 196) _ 


& FIRST NAME . MIODLE INITIAL - LAST NAME ul GRag Se Ba < ee 
IN OR TITLE 
§-ton i { 
tactical | | 
The Goer 8 ES) i 
suport | L97L U. S. Arny | 
pool H 
& ORGANIZATION ANG STATION : ‘ @ INERARY eae A 
f Pest oe i 5 r 
7. FO PROCEED © “TS. APBROKIMATE NUMBER OF Via Kenosha, Wisc.; St. Lawrence Seaway; 
GAYS | te Havre, France; Frankfurt, Germany 
i PURPOSE OF TEMPORARY OUTY 


‘Test and Evaluation 1 , : : 
Tt. TRANGPSRTATION AUTHORIZED = 
CcommMon carsiee’ (liam (}surrace (ij waver (CJ 4s cererRMinep BY TRANSPORTATION OFF. ¢Mrtuwary ony) 
CO GOVERNMENT GQwNeo: (J) veHicLEe (Cl armormart {Kl vesser 


Ct PRIVATELY-OWNED VEHICLE AT RATE OF. CENTS PER MiLe [TU TPATMOAG 
(a REIMBURSEMENT LORTED TO COST TO GOVT OF TRAVEL SY USUAL M BODE. or _ TRANSPORT ATS ON, INCLING PER DEM. (Cealien oaty 
12. PER DIEM AUTHORIZED Civitan Pesunned on) ln : 
[7] MS&XIMUM AUTHORIZED BY CPR T-3 [J err (elisa 


1g. TRANSPORTATION OF HEDENDENTS Chulian Personnel 4 > 
CI emrie MGPORTATION OF DEPE 


£ BPP OlAR 
UNDER 
(ae 7 agecte ar AUTHORIZED BY GOVERNM fA: 
(C0) TRANSPORTATION AUTHORIZED BY COMMON CARRIER (CommerO™™ Air, Rail, es 
~_ECL TRANSPORTATION AUTHORIZED BY PRIVATELY-OWNED CONVEYANCE 
14. SHIPMENT OF HOUSEHOLD GOoOoS (Cruian personne? only) 
CTIEMPLOYEE HAS OEPENOENTS AND iS AUTHORIZED MOVEMENT [JEMPLOYEE DOES NOT HAVE DEFEN 


OF HOUSEHOLD GOODS NOT It EXCESS OF 7000 POUNDS NET IZED MOVEMENT OF HOUSEHOLD Sans NOT 
WEIGHT 


OF 2500 POUNDS NET WEIGHT 


15 REMARKS (L's this «pace for special reguarements, delay, authority for issuance, names of dependents, designatian as courier, superior accommoda 
tions, excess baggage, ¢teJ 


i 


Geers are scheduled for a full-scale troop test 
program. These units -~ designed with ATAC by Gaterpillar's 
Defense Products Department -~ will participate in full 
field maneuvers as well as individual test operations. 


36. ADMINISTRATIVE APPROVAL 


Lee %. Cirisac 


fin 5 “ we exe 
PL Lodi orhise 


(Name, grade or iriffe} 


DA fom G62 


Pears evi @Teer 


17. FISCAL APPROVAL (Chargeable top 


Herre hay 
cate 3Oie, 5 
NOME. GRADE OR TITLE 


1 OCT G1 


<—Teees 
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e@ Early programs—The recover- 
able capsule concept originated with the 
Titan I and Minuteman programs, in 
which data-recording capsules designed 
and manufactured by Cook were used 
to obtain functional and operational 
data on the ballistic missiles in flight. 

These capsules were ejected from 
the missiles after accomplishing their 
recording function, then landed in the 
Atlantic Ocean by self-contained re- 
entry and descent systems for recovery 
and data study. The capsules and their 
recovery package had a notable record 
of recording temperatures, pressures, 
and other in-flight data, protecting this 


data during the ejection sequence, and 
providing the means for recovery of the 
recording. They filled an important gap 
in situations where telemetry systems 
were not effective. 

From this early recovery of data 
capsules have developed Cook recover- 
able camera capsules which have func- 
tioned successfully on a variety of 
rockets and missiles, including Saturn, 
Atlas, and Titan Il. 

Space filming and recovery has con- 
centrated on recording pictorial events 
of engineering significance in the launch 
—stage separations, retrorocket and ull- 
age motor firing, upper-stage ignition, 


This Apco Sertes Parallel Check 
Valve provides a one way street for 
helium in a fuel pressurization sys- 
tem for the Moon-shot program. A 
single helium source pressurizes 
the fuel (UDMH or MMH) and oxi- 
dizer (N,0,) tanks through these 
valves. Thus, fuel and/or oxidizer 
cannot leak back through the lines 
and meet, causing hypergolic 
combustion. The series 
parallel valve not only : 
keeps pressure travel- 

ng in one direction, but 
failure of any of the 4 
poppets in either the open 
orclosed position does not 
adversely effect the valve’s 
performance. There is noth- 
ing to match this Apco Valve 
for safety and ultra-high reli- 


FLUIO CONTROL ¢ SYSTEMS » COMPONENTS 


abifity. [tis an absolute zero leakage 
(2.5 x 10-6 cc/sec) valve both in- 
ternally and externally... offers 
minimum fine loss or restriction 
regardless of flow path...and is 
completely qualified and environ- 
mental-tested. The Valve is brazedin 
place—there are no bolts or fittings. 
“Traffic control" for helium is just 
one more example of how Apco, 
with full design, develop- 
‘ment, testing and manu- 
facturing, works in the 
environment of the 
Space Age. If you have a 
critical problem involving 
similar sophisticated sys- 
tems or components, Apco 
engineers are ready to make 
recommendations. Write, 
outlining your requirements. 


AVP GO] ACCESSORY PRODUCTS CO. 


A TEXTRON CO. 


616 West Whittier Boulevard « Whittier, California 
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fuel sloshing action and consumption 
rate. The sequence of images on movie 
film provides valuable information 
which might not be gleaned from single 
photos. 

The future potential of film docu- 
mentation during vehicle launch is en- 
hanced by the fact that it is possible to 
store more bits of information per 
square inch on film than by any other 
method—and this is true by several 


‘orders of magnitude. Because of what 


can be done by adding energy via film 
developers, storing information on film 
also requires less energy than other 
systems. At some time in the future, film 
may actually be used not just to photo- 
graph sequence action but to store 
data—the data then being retrieved by 
means of recoverable capsules. 

® Parachute key—The system of 
deploying parachutes at supersonic 
speeds was the significant breakthrough 
by Cook engineers that pointed the way 
to continuing development of recover- 
able data acquisition systems and their 
application to missile and rocket pro- 
grams. It was developed by Chester F. 


_ Bilinski, program manager in the Aero- 


| have been 


space Technology Section of Cook’s 
Tech-Center Division. 

Work on these recoverable systems 
dates to the earliest phases of the U.S. 
missile and space program. A Cook re- 
covery system brought back the first 
object ever returned from space, the 


Jupiter C nose cone in 1957. Another 


of the company’s recovery systems 
brought back the space monkeys Able 
and Baker in a full-scale Jupiter nose 
cone in 1958. The highest-speed para- 
chutes currently in use, the Hemisflos 
with speeds to Mach 2.2, are based on 
designs developed by Cook. 

To extend the ability to recover cap- 
sules at higher speeds from higher alti- 
tudes, Cook aerodynamicists now have 
developed Hyperflo parachutes which 
successfully wind-tunnel- 
tested at speeds of more than Mach 6. 

Cook Tech-Center developed the re- 
coverable camera capsule system, as 
used on Saturn J, in close coordination 
with NASA/Marshall’s A. J. Davis, 
chief, Environmental Studies Unit, As- 
trionics Laboratory. 

The system provides color motion 
picture monitoring of selected launch 
events from suitable locations on the ve- 
hicle. The capsule is ejected at a pre- 
selected time after staging and is de- 
signed to re-enter the Earth’s atmos- 
phere, from about 90-mi. altitude, in a 


| stabilized attitude at about Mach 10.5. 


After re-entry, the capsule deceler- 
nates to a terminal velocity of 90 fps to 
enter the water, then floats. 

® Breakdown—The capsule consists 
of the instrumentation section with con- 
trol unit and a recovery section. 

The recovery section, packaged be- 
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Total Involvement At Grumman 
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First Flight 
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Human Factors, it seems, have been charted by engineers for all sorts of people but rarely for engineers 
themselves. Producing a compatible environment for them has been more often left to chance. Not- 
withstanding, the Grumman environment commends itself to the engineer that seeks to relate. 


Perhaps one of the lesser known attractions of Grumman for engineers is the enthusiasm that per- 
vades the company. Take a “First Flight” for instance. No Pikes Peak run, no unveiling of a secret 
new automobile model, could match the high wave of interest that grips those who have contributed to 
the successful performance of a super-sonic aircraft. 


As the aircraft is put through its paces, the long hours of research, design, simulation, testing suddenly 
seem to vanish. The aircraft rolls to a stop... Totally involved, the engineer turns to the fresh problems 
on the boards, at the desk, at the computers, as the case may be. 


Engineers and scientists whose own outlook encompasses the high degree of interaction that is Grum- 


man, are urged to explore these specific opportunities. 


System Flight Test Engineers — BS in EE, Physics or ME and 3 to 5 
years test experience in the following airborne equipment areas 
(aircraft or missile): radar (search, track and Coen inertial navi- 
gation, communication, environmental control, electrical power, 
and automatic flight control. Assignments in both aircraft and 
Space programs. 


Test Data Processing Engineers — BS in EE or ME, with a minimum 
of 2: years experience in ground station operations and test data 
systems development. Must have complete familiarity with analog 
and digital magnetic tape data handling systems, and FM FM 
multiplexing techniques. Instrumentation and/or digital program- 
ming experience desirable. 


Digital Computer Programmers — BS in Physics or Math, with a 
minimum of one year experience programming a large scientific 
computer. Additional programming experience on small computers 
or programming of aerospace test problems is desirable. Positions 
available at both Bethpage and in the field. 

Flight Operations — BSEE with experience in telemeter and mag- 
netic tape. Assignments involve interesting work with airborne 
digital computers and their use in flight testing. 


Instrumentation Applications — BS in ME, EE or Physics with 4 
years experience in instrumentation measurement problems. A good 
theoretical and practical knowledge of transducers, their specifica- 
tions and application to measurement of temperature, pressure, 
flow, acceleration, rate, force, is required. 


Test Analysis Engineers — BS or equivalent with 1-3 years experi- 
ence in developmental testing desirable. Positions entail develop- 
ment of test logic for flight tests, integration of subsystem and 
system requirements into general test plans; preparation of detail 
plans, measurement requirements, test sequences and analysis and 
reporting of test results. 


To arrange an immediate interview, 
SEND RESUME to 

Mr. P. M. Van Putten, 

Manager Engineering Empioyment, 
Dept. GR-86. 


See next week's issue for 
additional professiona! opportunities. 


Launch Operations Engineers — BS or equivalent with 2-5 years 
experience in check-out and Jaunch operation. Positions entail 
preparation of check-out plans and accomplishment of pre-launch 
and launch operations associated with payload including liaison 
and coordination with booster and Government facility; and coordi- 
nation of facility and other requirements for launch operations. 


Measurements — BS in ME, AE or CE with at least 3 years experi- 
ence in design and calibration of multi-component strain gage bal- 
ances, thrust stands, or weighing systems. Assignments will include 
design of wind tunnel balances, complex structural component gag- 
ing and high temperature, high vacuum strain gaging studies. 


BS in ME, EE or Physics with 4 years experience in Instrumentation 
measurement problems. A good theoretical and practical knowledge 
of transducers, their specifications and application to measurement 
of temperature, pressure, flow, acceleration, rate, force, is required. 


Environmental Control Support Equip. Engineers—BS in ME or AE 
with a minimum of 2 years equipment engineering design experi- 
ence for aircraft, or spacecraft air conditioning, pneumatics, pres- 
surization, electronic equipment cooling, oxygen systems, checkout 
or related environmental support equipment. Will be responsible 
for selection, evaluation, design and maintenance of above men- 
tioned equipment. 

Cryogenic Support Equip. Engineers—BS in ME or AE with a mini- 
mum of 2 years engineering design experience in support equip- 
ment for cryogenic systems and related hardware. Responsible for 
selection, evaluation, design, and maintenance of support equip- 
ment for aircraft or spacecraft cryogenic systems. 

Propulsion Support Equip. Engineers—BS in ME or AE with a mini- 
mum of 2 years engineering experience in the design of support 
equipment for aircraft or spacecraft propulsion systems. 


GRUMMAN 


AIRCRAFT ENGINEERING CORPORATION 
Bethpage: Long Island +: New York 


An Equal Opportunity Employer 
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SHOWN WitH Cook recoverable camera capsule is Chester F. Bilinski, program 
manager, Tech-Center Div., who developed key parachute deployment technique. 


hind the instrumentation, includes eight 
stabilization and deceleration flaps at 
the top end of the capsule, 18-in.-dia. 
flotation and deceleration paraloon 
(combination parachute skirt and bal- 
loon), and recovery location aids, in- 
cluding radio transmitter and flashing 
light, radar chaff, dye marker, and shark 
repellent. 

The instrumentation section is adapt- 
able to various types of cameras but up 
to now has used the 16-mm camera 
made by Milliken. The camera operates 
on 28 volts d-c power from the space 
vehicle. It contains a thermostatically 
controlled heater and is equipped with 
shutter pulse generator and _ fiducial 
marking. 

The camera carries 100 ft. of film, 
which provides 125-, 63-, or 10-sec. 
coverage at film speeds of 32, 64, or 
400 frames per sec., respectively. The 
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capsule is fitted with quartz viewing 
window and wide-angle 110-degree lens 
with focal length of 0.1655 and maxi- 
mum F-stop opening of 1.5. 

The instrumentation section control 
unit contains sensing components to 
initiate events in the recovery sequence 
during capsule flight—the capsule’s tiny 
“brain” system in effect, making it func- 
tion as a miniature missile. The control 
system has two redundant circuits, each 
capable of controlling and firing various 
recovery functions. A single on-ground 
shorting plug provides ground safety; a 
single in-flight arming plug brings bat- 
tery power from the rocket to the proper 
switches and relays. 

Components redundancy is used 
wherever practical in each circuit and 
in two instances an interchange of com- 
ponent switch contacts is made between 
circuits. This permits continued circuit 


operation of one circuit where a com- 
ponent failure has occurred, contingent 
on the counterpart component having 
operated in the other circuit. 

This feature increases overall reli- 
ability of operation with little additional 
circuit complexity. Each circuit is 
identical in operation. The power for 
the radio transmitter and flashing light 
also is packaged separately in the in- 
strumentation section and provides 6 
volts for approximately 20 hours. 

All of these components are as- 
sembled in an insulated instrumentation 
section designed to permit temperature 
fluctuations between —20 and 150° F. 
and relatively humidity of 30 to 60% 
at 10 psi or more pressure. 

@ Saturn sequence—Here’s the way 
the capsules functions on Saturn: 

During ascent of the vehicle with 
the capsule, the initiating aneroid actu- 
ates at 14,000 ft. and grounds a paral- 
lel combination of time delays in series 
with a resistor. At 40,000 ft., an arming 
aneroid actuates, bringing battery power 
to the ungrounded side of the initiating 
aneroid. 

At 250,000 ft., the camera is started 
by the vehicle control system. 

At 300,000 ft., the camera capsule 
is ejected from its mounting tube on 
the rocket by means of a piston-and- 
cam-activated finger which fits in a cap- 
sule slot and pushes out the capsule at 
25 ft./sec. velocity. The camera is elec- 
trically disconnected by this action. 

Immediately after ejection, decelera- 
tion and stabilization flaps are extended 
30 degrees from the capsule body and 
locked in position to provide a zero 
angle of attack. 

The capsule continues upward to 
450,000 ft., then begins its descent, re- 
entering the atmosphere at speed of 
about Mach 10.5. At 40,000 ft., the 
aneroid switches function, removing 
power from the arming time delay cir- 
cuit. At 14,000 ft., aneroids fire explo- 
sive valve squibs which blast off the top 
cover and fins and inflate the paraloon 
by high pressure. Various time delays 
are started at this point, radar chaff is 
deployed, and antenna erection squibs 
are fired. Radio and light beacons are 
turned on. 

When the capsule impacts in the 
ocean, it is floated by means of its para- 
loon. Dye marker and shark repellent 
are activated. 

The recoverable capsules are modi- 
fied for the particular environments to 
be faced with the various vehicles or 
missiles. Aboard Saturn, the capsules 
photograph and bring back films of the 
S-I and S-IV stage separation, retro- 
rocket and ullage motor firing, S-IV ig- 
nition, and fuel action inside the tanks. 

® Other prospects—The valuable 
application of recoverable data systems 
also appears to have other possibilities 
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CLEAN FELLOW 


... this tape banishes static, dust, makes data come clean! 


More conductive, this ScorcH® BRAND Heavy Duty Instrumen- 
tation Tape! 1000 times more conductive, in fact, than ordinary 
tapes! Drains off static before it can attract dust and cause 
drop-out errors, even with today’s higher tape speeds and 
tensions. Electrical resistance of the oxide coating is less than 
50 megohms per square, minimizing 
such static problems as noise introduced 
by arcing, start time drag, and skew. 

In addition, special high-potency 
oxide and binder formulation mini- 
mizes oxide rub-off so that these tapes 
outwear ordinary ones at least 15 
times! Tapes withstand temperatures 
from —40 to 250°F, tame localized heat 


Scotch 


magneclic tape 


build-up at recording heads. Lifetime Silicone lubrication pro- 
tects against head and tape wear. 16 different heavy-duty con- 
structions meet all requirements, even for extremely high 
speed and short wavelength recording. 


TECHNICAL TALK Bulletin No. 4 offers detailed discus- 
sion of static-caused problems in instrumentation recording, 
helpful information for solving them. Free. Write 3M Mag- 
netic Products Division, Dept. MBW-94, St. Paul 19, Minn. 


“SCOTCH® AND THE PLAID DESIGN ARE 
REG, TMS OF 3M CO. © 1964, 3M CO 


Magnetic Products Division aii 
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ENGINEERS © 


PHYSICISTS 


Buses 


SYSTEMS 
EVALUATION 


The Applied Physics Laboratory, 
The Johns Hopkins University, lias 
several inunediate openings for 
qualified engineers and physicists to 
participate in pre- and post-patrol 
evaluation of the Polaris weapon 
system. Working in close associa- 
tion with Naval operational per- 
sonnel, APL staff niembers develop 
test objectives, establish test pro- 
cedures, and monitor tests at Cape 
Kennedy and aboard submarines. 
Particular enipliasis is placed on 
the analysis of test data and the 
development of recommendations 
for iniprovements in system and 
sub-system performance. New staff 
inembers are normally assigned to 
a sub-system area, such as Missile, 
Fire Control, Navigation, or 
Launcher, with later opportunities 
for broader system assigninents 
based on experience and knowledge. 
A degree in physics or electronic 
engineering and experience in one 
of the above areas are preferred. 


The Applied Physics Laboratory’s 
location in suburban Washington, 
D.C., gives you a choice of city, 
suburban, or country living. The 
area offers many benefits including 
excellent residential areas, comi- 
plete service and recreational facili- 
ties, and good public and private 
schools. There are seven universi- 
ties at which staff members can 
continue their education with APL 
financial support. 


Direct your inquiry to: 
Mr. W. S. Kirby 
Professional Staffing 


Applied Physics Laboratory 


The Johns Hopkins University 
8643 Georgia Avenue 


Silver Spring, Maryland 
(Suburb of Washitgton, D.C.) 


An equal opportunity employer 


Circle No. 12 on Subscriber Service Card 


in space vehicle launch. Leo Arsement, 
chief, Telemetry Systems Engineering 
Section, Astrionics Laboratory, at 
NASA’s Marshall Space Flight Center, 
points out that, in the period from ve- 
hicle liftoff to 2,000 ft., a recoverable 
recorder capsule would allow data ac- 
cumulation time to be extended beyond 
that presently available through the use 
of drag-cable hookups, thereby allow- 
ing high-frequency data such as tem- 


perature and vibration to be obtained” 


without adding more RF telemetry links. 

It also is possible that recoverable 
video tape recorders could be used, at 
the same altitude range as the camera 
capsules, to acquire data on the second 
stage, retrofire, and equipment in the 
rocket or missile by “taping a picture” 
instead of using a film camera. Such 
recorders could also record higher-fre- 
quency data than a normal telemetry 
link could transmit and could be re- 
turned from space by the same tech- 
niques as utilized with the camera cap- 
sules. 

Cook’s Tech-Center Division, work- 
ing closely with Arsement, has de- 
veloped a new recorder and capsule and 
has worked out a recovery system design 
for a recoverable recorder capsule for 
NASA/Marshall for use in gathering 
early-launch data. Such a capsule, using 
a recorder with precise speed control, 
could be ejected shortly after launch, 
recording data to about 2,000 ft. or 
more. In current planning stages, the 
recorder capsule would be brought 
back to the launch area, on land, for 
recovery by means of parachute sys- 
tem. 

An interesting new approach to re- 
coverable capsule application, this low- 
altitude data-acquisition and immedi- 
ate land recovery at launch site bring 
into action recovery aspects different 
than those at high altitude. Cook 
studies show that recovery within 
1,500 ft. of launch site would require 
a system that minimizes downrange 
drift. The system also must reduce the 
opening and landing shocks so the re- 
corder and capsule will be reusable 
with only minor refurbishment. 

In such a system, the parachute 
initially would be deployed reefed to a 
small portion of its inflated area. The 
chute would be a flat, circular ribbon 
canopy for low opening shock and good 
stability. This system would bring the 
capsule down within easy recovery range 
of the launch point even in winds up 
to 20 mph. Data thus would be im- 
mediately available for playback, ena- 
bling the recoverable recorder to serve 
as a backup and to provide additional 
engine operational data for flight analy- 
SIS. 

Aluminum honeycombed nose cap 
or NASA’s frangible-tube energy-ab- 
sorption design would be used, in addi- 


tion to the chute, to absorb ground im- 
pact. 

@ New recorder—The magnetic re- 
corder Cook has developed for this ap- 
plication provides for the recording of 
14 channels of data in standard IRIG 
format. Two recording modes, direct 
and/or wide-band FM, are available 
through use of plug-in solid state cir- 
cuit cards. Direct recording is used for 
purely a-c data signals such as vibration 
and acoustic noise of a broad frequency 
range. The FM mode is used for highly 
accurate recording of relatively low fre- 
quency data extending down to d-c. 

The recorder capsules can be located 
at any convenient position on the side 
of the booster with each capsule carry- 
ing 80 seconds record time. Thus, four 
recorders could provide 56 channels of 
information immediately after launch 
without tying up any RF links—and 
more capsules could be utilized if even 
more data were desired. Because of 
their early ejection, the capsules would 
provide no weight or aerodynamic prob- 
lems. 

The recorded tape is housed in a 
rugged heat-resistant metal casing inside 
the top of the capsule and would be re- 
coverable without damage, even in event 
of an abort which required ejection of 
the capsule below 1,000 ft. Delayed 
parachute deployment would protect the 
chute from possible flame damage as the 
vehicle passes in such situations when 
the information from the early-record 
capsules would be of utmost benefit in 
post-flight evaluation. 

As previously indicated, two types 
of signal conditioning amplifiers are 
available for use interchangeably with 
the transistorized tape recorder to 
handle signals of various frequency 
ranges from either low- or high-level 
transducers. The recorder control is in- 


itiated upon demand from inside the © 


rocket, upon application of primary 28- 
volt supply through an interface mount- 
ing connector. 


Recording starts within 1 sec. after — 
voltage application. Intermittent applica- — 


tion of supply voltage is feasible during 
the full record cycle, since record time 
does not have to be continuous. 

The recorder has a preset timer to 
control integrated time of record cycle 
and initiate ejection of the capsule from 
the vehicle. The recorder and timer are 
fed by the same voltage. The ejection 
thruster is self-contained and provides 
the force to separate the capsule from 
the vehicle with sufficient velocity to 
clear the rocket plume. 

The adaptability of the capsule and 
recovery concepts to varied date- 
acquisition requirements and environ- 
mental conditions would seem to open 
the way to more extensive augmenta- 
tion of in-flight engineering feedback as 
the nation’s space efforts progress. 
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Out of 
this canister 


Packed in a 33-inch canister, the paraglider is 
carried into space by a rocket. At about 300,000 
feet, it is released and the inflation sequence begins. 

When inflated to its full size, (18-foot wing- 
spread, 14-foot length) the paraglider ascends to 
600,000 feet before it begins its descent. Instrumen- 
tation will yield data on micrometeoroid behavior. 

To produce this vehicle, BFG engineers developed 
a special high temperature fabric lamination for 
the inflatable frame. Made of glass fiber coated 
with silicone resin, it is designed to with- 


comes “instant glider” 


National Aeronautics and Space Administration by 
B.F.Goodrich in conjunction with Space-General 
Corporation, the prime contractor. A Space-General 
Aerobee 150 rocket furnishes propulsion. The proj- 
ect is managed by NASA Langley Research Center, 
Hampton, Va., under the over-all direction of NASA’s 
Office of Advanced Research and Technology. 

The paraglider is just the latest example of 
B.F.Goodrich know-how in inflatable products: 
Tires, De-Icers, Shock Attenuator Systems, Pres- 

sure Suits. If you have similar require- 


stand temperatures up to 1150°F for , . ments, check with Department MR-9, 
about 20 seconds. Membranes or “sails” \ BEGoodrich / B.F.Goodrich Aerospace and Defense 


are attached to the inflated tubes. 


Products, a division of The B.F Goodrich 


The paraglider was produced for the aerospace & defense products Co., 500 S. Main St., Akron, Ohio 44318. 
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FOXBORO 
TURBINE FLOWMETERS 


These compact, in-line flowmeters give maximum 
accuracy and repeatability. Adaptable to a varie- 
ty of fluids, models are available to measure flows 
between 0.15 and 30,000 gpm. Simple construc- 
tion provides inherent reliability and high shock 
resistance in these significant applications: 


H@ Solid rockets couple Foxboro Digital Elec- 
tronic Instrumentation with Foxboro Turbine 
Flowmeters for thrust vector control. 


m@ Liquld rockets use Foxboro Turbine Flow- 
meters in both propellant utilization and hydrau- 
lic systems. 


m@ Aerospace Ground Equipment uses Foxboro 
Turbine Flowmeters to measure fuel, oxidizer 
and solvent flow. 


Whatever your application, be sure 
Foxboro. 


... Specify 


For further details check with your 
Faxbaro Sales Engineer or write The 
Foxbara Company, Van Nuys Divisian 
7740 Lemona Ave., Van Nuys, California. 


FOXBORO 


REGISTERED TRADEMARK 
Specialists in Process and Energy Control 
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Both Upcoming Mariners 
May Pass Behind Mars 


by Rex Pay 


STANFORD, CALIF.—At least one, 
and possibly both, of the Mariner Mars 
spacecraft to be launched this fall will 
follow a trajectory that passes behind 
Mars. 

Changes in the 2,300-mc telemetry 
signal as the planet occults the probe 
are expected to indicate the surface 
pressure of the Martian atmosphere to 
an accuracy of 5-10%. 

Jet Propulsion Laboratory has been 
reluctant to use a trajectory of this type 
because of the loss of contact with the 
probe as it passes behind Mars. If any- 
thing happened to Mariner during this 
time, such as loss of stability or thermal 
control, the Deep Space Instrumenta- 
tion Facility would be unaware of the 
event and could take no steps to remedy 
it until the probe re-appeared. 

Now this penalty is being accepted 
as a result of recent astronomical meas- 
urements that revise estimates of Mar- 
tian surface pressures by an order of 
magnitude—to a value between 10 and 
100 millibars. Confirmation of this fig- 


ure is extremely significant for the Mars 
lander that may be launched in 1971. 

Without accurate knowledge of the 
surface pressure, design of the probe 
would have to be for worst case, and the 
payload cut by a factor of 10. If the 
pressure were at the lower limit, para- 
chutes probably could not be used to 
retard descent and a retro rocket system 
would be needed. 

@ New look-angle—The change in 
trajectory has led to a slight alteration 
in the look-angle of the television sys- 
tem (M/R, Aug. 3, p. 38). However, the 
occultation will not delay the transmis- 
sion of the television pictures since 
playback from the recorder is not sched- 
uled to take place until 8 hours after en- 
counter with the planet. 

Apart from its drawbacks, the occul- 
tation measurement is in several re- 
spects an ideal experiment. It requires 
no added weight, power space or infor- 
mation capacity in the spacecraft be- 
cause it uses the existing telemetry sig- 
nal. Several different frequency and 
amplitude measurements will give inde- 
pendent information about pressure- 


Space Library 


LEFT: Two North 
American Aviation en- 
gineers have invented 
a portable data storage 
and retrieval assembly 
capable of displaying 
any document in a 12,- 
000-page library stored 
within it on microfilm. 
RIGHT; Engineer uses 
early model of assem- 
bly inside mockup of 

Command Module. 
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STEPPING STONE TO DEEP SPACE 


The sensation of a flight to the moon and back is 
nothing new for America’s astronauts, thanks in part 
to LTV Astronautics Division’s Space-On-Earth Center. 
Duplicating experience in space with realism right 
down to actual vibrations, LTV’s unique simulator 
facilities are capable of handling space programs re- 
lated to every kind of spacecraft existing today as well 
as future projects. Among the company’s simulating 
equipment is the Manned Aerospace Flight Simulator 
which was recently ‘‘flown’’ by 29 of the nation’s 
astronauts during an intensive training program to 
prepare them for emergency action during Gemini 
flights. The program was directed by the Houston 
Manned Spacecraft Center. This moving-base device 
resembles the Dynamic Crew Procedures Simulator 
to be constructed by LTV for NASA’s Houston Center 
and performs all phases of launch, orbit, lunar land- 
ing, rendezvous and re-entry. Realistic conditions 
include noise and vibration, direction of acceleration 
and deceleration, ground communications, planetar- 


ium projection and active flight instruments. Also 
included in the Center are Space Environment and 
Automatic Controls Evaluation Simulators and a fric- 
tionless platform. 


These are only a few of the facilities which LTV 
engineers and scientists apply to aerospace programs 
... vital programs that have created superior profes- 
sional opportunities in many engineering disciplines. 
Current openings are in fields such as: AERODY- 
NAMICS / DESIGN / STRUCTURES / LIQUID PRO- 
PULSION / SOLID PROPULSION / RELIABILITY / 
DYNAMICS / STRESS ANALYSIS / FLIGHT CON- 
TROLS / PHOTO-IMAGING SYSTEMS / RADAR 
TRACKING and RANGING / ELECTRO-OPTICS and 
many others. 


For complete information on LTV and career assign- 
ments, write in confidence to: Professional Placement, 
Dept. 394, LTV Astronautics, P. O. Box 5907, Dallas, 

Texas 75222. LTV is an equal opportunity employer. 


LING-TEMCO-VOUGHT, INC. 
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temperature ratios and temperature- 
molecular mass ratios. Combining this 
with other information on temperature 
and probable constituents will help de- 
termine actual constituents, pressure, 
temperature and density. 

As the spacecraft passes close to and 
behind the planet, a number of changes 
is expected in the radio signal. Some 
will be due to refraction of the signal as 
it passes through the Martian iono- 
sphere and atmosphere. Others will be 
due to diffraction of the signal by the 
edge of the planet as the probe is oc- 
culted. 

The possibility of studying planetary 
atmospheres in this way was suggested 
by a group at Stanford University about 
two years ago. Interpretation of the 
forthcoming Mariner tests will be 
shared between a group at JPL and an- 
other at Stanford University. The ex- 
periment was described during an an- 
nual government-sponsored conference 
at the Stanford Electronics Laboratories 
here. 

@ Measuring technique—The group 
at JPL under A.J. Kliore will measure 
the Doppler frequency impressed on the 
telemetry signal as a result of atmos- 
pheric perturbations. A transponder 
technique will be used. A signal stable 
to one part in 10” is transmitted 150 
million miles to the spacecraft, where it 
is multiplied by a constant factor and re- 
transmitted back to Earth. There it will 
be measured to an accuracy of about 
0.1 cps. The main Doppler frequency 
change will be of the order of 30,000 
cps, due to spacecraft velocity. Super- 
imposed on this will be a few cycles per 
second change due to atmospheric ef- 
fects at Mars. 

Because the exact trajectory will not 
be known in advance, the two Doppler 
components cannot be separated im- 
mediately. In fact, the trajectory has to 
be accurately computed from the Dop- 
pler signal before and after the period 
of encounter, and the actual trajectory 
during encounter must be found by in- 
terpretation between these known paths. 
Then the expected Doppler record is 
computed and subtracted from that ob- 
served to yield the Doppler shift due to 
the atmosphere. 

JPL estimates that the surface pres- 
sure can be measured to 5% accuracy 
if the pressure is near 25 mb and to 
10% if it is near 10 mb. 

The Stanford University group, un- 
der Professor Von R. Eshleman, is con- 
cerned with interpreting amplitude 
changes in the signal. The amplitude of 
the signal will be reduced because of 
dispersion of the transmitted rays in the 
atmosphere. Also, the radio occultation 
will take place after the geometrical 
occultation. 

Both of these effects will indicate 
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the refractivity, and therefore the den- 
sity of the Martian atmosphere. How- 
ever, the time of occultation is more 
likely to give an improved figure for the 
diameter of Mars rather than an indi- 
cation of its surface pressure. 

@ Fresnel diffraction—Von Eshle- 
man expects that the most sensitive 
measure of the refractivity of the atmos- 
phere near the surface will come from 
the Fresnel diffraction pattern as the 


probe is occulted. The planet’s disc will . 


act as a knife edge that will give a series 
of fluctuations in amplitude. Presence of 
an atmosphere will stretch out the pe- 
riod of the fluctuations compared with 
that obtained in free space. 

The Fresnel stretch that occurs will 
give a measure of the near-surface con- 
ditions. In addition, the loss of signal 
strength (about —8db) and its rate of 
change with time will give independent 
information about surface density and 
scale height. 

Although the planet limb is not a 
knife edge and has curvature in two di- 
mensions as well as surface roughness, 
“we believe this will not seriously de- 
grade our ability to measure the atmos- 
pheric perturbation of the signal,” said 
Eshleman. 

He pointed out that radio stars oc- 
culted by the Moon give this pattern. 


This is a worse problem experimentally, [| 


because a wide-band noise source is in- 
volved and some of the higher order 
effects are washed out. 

“We do not know the scale of 
roughness on Mars,” he said, “but suc- 
cessful measurements on something sim- 
ilar (the Moon) give us confidence in 
the technique.” 

Occultation of radio sources by the 
Moon is currently one of the most im- 
portant things in radio astronomy as it 
indicates whether a source is located at 
a point (a star) or over a wide area, 
with much higher resolution than an in- 
terferometer or high gain antenna. 

@ Main uncertainty—Recent theo- 
ries of the formation of the Martian ion- 
osphere based on the new low pressure 
values indicate a higher ionospheric 
density and so: more-measurable effects 
on radio signals. The principal un- 
certainty in the 2,300-mc occultation 
experiment is in fact the possible effect 
of a dense ionosphere. A dense ion- 
osphere or sharp density gradients could 
mask the atmospheric effect. 

Von Eshleman feels that the density 
increase will not be too great and that 
the Mariner occulation experiment will 
give a relatively good indication of the 
refractivity profile of both the Martian 
ionosphere and the Martian atmosphere. 

Better separation of the ionospheric 
and atmospheric effects would be ob- 
tained by the use of an additional trans- 
mitted frequency in the VHF region. 


Simulation chamber—cutaway view : 


G-E Terranault te 
add significant 
space station dat 


In their 30-day “space flight,” & 
Terranauts proved for the first ti 
that a crew could operate a spa 
station in a 7 psi, 50/50 oxy; 
nitrogen atmosphere without advel 
mental or physical effects. 
Both their ve- 
hicle and apie P | 
were carefully (4 ile 
designed to du- es 
plicate a realistic re) i 
space mission. + 
The four men 
performed ren- 
dezvous and 
docking with the 
G-E space-ferry 
simulator. They used ‘Merce 
communications and _ realistic 
sion task techniques. Results of # 
and a subsequent test are unid 
predictions of man’s requireme 
and performance in future orbitt 
laboratories. 
The Terranaut Program is on 
one example of our man-in-spa 
experience. Since the Discove 
and Manned Space Cabin proje 
in 1958, G.E. ff 


’ been awarded 
study and h 
- ware contracts 4 


manned-space § 

tems and b 

science 

Today, G.E. 

studying a mann 

orbital space § 
tion for the Air Force and is pril 
contractor to NASA on the Biosai 
lite program to determine the effee 
of long-term zero-gravity and rad 
tion on living organisms. 

All this adds up to a unique 
pability for contribution to MOL. | 
more information, contact: g 
Manned Orbital Laboratory Progra 
Valley Forge Space Technology C 
ter, G.E. Co., Philadelphia 1, Pa. 
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: o-E cabin “in the sky”. 
4 men “tly” 480 orbits 
In 30-day trip 


ISSILE AND ‘ponele DIVISION GENERAL (é ELECTRIC | 
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Fixed TV on Voyager Could 
Provide Lander Accuracy of 100 Miles 


Los ANGELES—A fixed television 
camera on the Voyager spacecraft 
should improve trajectory determina- 
tions near Mars by nearly an order of 
magnitude, according to a paper read 
here at the Astrodynamics, Guidance 
and Control Conference. 

This could allow a lander to be 
placed within 100 miles of certain speci- 
fied areas on the planet. 

Co-sponsored by the AIAA and the 
Institute of Navigation, the three-day 
conference included sessions on pow- 


ered-flight guidance equations, space tra- 
jectories, and optimization. Absent were 
papers relating to the Apollo program 
(presented at the Wescon meeting) and 
to the Air Force Standardized Space 
Guidance and Navigation System. 
Problems of interplanetary naviga- 
tion received considerable attention. 
Voyager studies, partly funded by 
NASA Headquarters, were described 
by F. B. Woestemeyer, Manager Inertial 
and Optical Sensors Engineering, Gen- 
eral Electric Spacecraft Department. 


sapphire and quartz 
optical windows now for 
vacuum seal applications 


Now available from Eimac: optical windows of sapphire or quartz. These 
include detector windows for infrared or ultraviolet equipment, viewing 
ports for vacuum, high temperature or high pressure systems, and laser 
components. The superior infrared and ultraviolet transmission charac- 
teristics of both sapphire and quartz make them preferred for detector 
applications. The wide temperature cycling capability, hard surface, high 
melting point, and high strength of these window assemblies are signifi- 
cant advantages in many systems. And with years of pioneering vacuum 
tube technology, Eimac has the experience and the know-how to braze 


these materials to metal with a vacuum-tight seal. 
A new Eimac Optical Window brochure has all the de- 
tails. Write: Eitel-McCullough, Inc., San Carlos, Calif. 
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These studies envisage two landing 
vehicles carried to within 150,000 miles 
of the planet by an orbiter. This then 
places the landers on separate trajecto- 
ries, for landings at two specified points. 
The orbiter continues on to the point 
of injection into orbit. At separation, 
the landers are on a trajectory that will 
pass Mars at an altitude of 1,000 miles 
in a plane inclined 55 degrees to the 
Mars equator. 

Landing sites selected for the study 
were Pandorae Fretum (latitude 23°S, 
longitude 310°) and Syrtis Major (lati- 
tude 7°N, longitude 285°). 

The landers are separated sequen- 
tially. The orbiter assumes the proper 
attitude so that a fixed impulse rocket 
on the first lander will place it on the 
desired trajectory. The lander is sepa- 
rated, spun up, and given a low velocity. 
After a time interval, the lander rocket 
fires and gives it the impact trajectory. 
Then the second lander follows the 
Same sequence, 

e Cause of landing errors—Main 
landing errors occur due to uncertainty 
of velocity increment imparted, errors 
in orienting the lander at separation, and 
initial navigation errors. Atmospheric 
density has little effect on accuracy; but 
low density calls for shallow entry 
angles, which increase down-range dis- 
persion, 

Woestemeyer concluded that an in- 
plane landing at an entry angle of 35- 
40 degrees could achieve a footprint 
of 100 n. mi. if orientation errors at 
separation are less than 3 degrees. 

Woestemeyer emphasized the im- 
portance of having accurate knowledge 
of Voyager’s flight path as it approached 
Mars. He said that the GE study sug- 
gested that the Deep Space Instru- 
mentation Facility could not estimate 
the spacecraft’s trajectory accurately 
enough from the usual Doppler meas- 
urements. Information from the space- 
craft itself about its position relative 
to the planet would be needed. Other- 
wise errors would appear due to un- 
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certainty of the value of the Astro- 
nomical Unit, gas leaks, uncertainties 
about the amount of solar radiation 
pressure, and uncertainties in planet 
ephemeris. 

e Altitude measurement—Studying 
a Type II 260-day trajectory starting 
January 20, 1969, GE found that an 
uncertainty of 917 miles in altitude 
could result, whereas an altitude meas- 
urement accurate to within 100 n. mi. 
was needed to inject Voyager into the 
desired planetary orbit. 

Line-of-sight readings of the planet 
were studied as a means of improving 
the accuracy of the altitude figure. 
Theory showed that an accuracy of 
+ 100 n. miles could be achieved at 
a range of 150,000 miles from the 
planet, if the sensor used was accurate 
to + 1.0 milliradians. 

Various sensors were studied—on- 
board radar, bi-static radar, line-of- 
sight rate from a planet tracker, and 
line-of-sight data. This last could be ob- 
tained in a number of ways. That pro- 
posed for Voyager was to take a tele- 
vision picture of Mars against a star 
background, for transmission back to 
Earth. 

A 15 degree x 15 degree camera 
field of view was selected. Star maps 
showed that sixth magnitude stars could 
nearly always be found in such a field. 
In many regions of interest for planet- 
ary approach there are several stars of 
fourth magnitude or brighter. With a 
Sun-Canopus referenced vehicle the 
camera can be centered on the planet 
at two million miles. It can then keep 
it in view up to the minimum distance 


needed (100,000 miles). Camera ori- . 


entation depends on launch date and 
would have to be updated at intervals 
of 5 to 7 days if a launch hold took 
place. 

Once this adjustment has been made 
before launch no scanning or tracking 
of the planet is needed by any part of 
the spacecraft. The television system 
only has to be turned on—an advantage 
over systems that need a series of com- 
mands, acquisition and identification of 
planet and stars, and telemetry of angle 
data. The camera can also verify mid- 
course maneuver, lander separation, and 
orbit injection. 

@ TV selected—GE selected a 
1,000-line image-orthicon _ television 
chain equipped with a 114-mm lens. A 
digital scan was chosen, consistent with 
that used for the onboard scientific cam- 
eras for studying the planet. Because the 
scene being viewed has no gray scale, 
the planet image can be over exposed. 
This means that the internal voltages in 
the image orthicon can be chosen to 
greatly extend its normal brightness 
range. Tests showed that stars fainter 
than fifth magnitude could be seen by 
this means, without losing sharpness in 
the planet image. 
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The same technique could not be 
used on a Venus spacecraft, because of 
its brightness. A more complex system 
would be needed for this mission. 

The 1,000-line frame, with equiv- 
alent resolution along each line gives 
a resolution element representing a 
0.015 degree x 0.015 degree angular 
area. Beam pulling will make a star 
appear three lines wide. However, if 
the star is assumed to be at the geo- 
metric center of the image, read-out 
error amounts to +0.0075 degree. For 
the planet, the error is likely to be 
+0.0023 degree, says Woestemeyer. By 
use of a reticule grid and knowledge of 
star fields, the angular position of the 


Lindsay Structure 
houses microwave 
equipment at Edwards 
Air Force Base. 


Lindsay Structure, with its 
"bre-tensed” sheets, achieves 


planet relative to the stars will be read- 
able to £0.029 degree or about +0.5 
milliradian. 

This is well within the accuracy re- 
quired. 

The Voyager concept studied en- 
visaged a vehicle capable of transmit- 
ting data at a high rate, to serve mul- 
tiple onboard planet survey cameras. 
Raw video transmission from the navi- 
gation camera calls for 14,000 bits per 
frame. Presence of a grid would in- 
crease this. However, data compression 
techniques promise to reduce a require- 
ment for about one million bits per 
frame to 25,000 bits per frame, for 12 
stars and the planet at close range. 


On wheels or stationary— 


LINDSAY STRUCTURE 


gives you ideell housings! 


Lindsay Structure is designed for optional 
use with mobile equipment. For years Lindsay 


extraordinary strength and 
lightness. It is quickly and 
easily assembled by inexperi- 
enced workers. 

No special tools are required. 
Lindsay Structure units are 
absolutely uniform and can 
be built to any desired size 
— easily disassembled or re- 
assembled — easily repaired. 


Ra SPECIFICAT, 
sh wi OS 4 


Ng 
Mckay gxiw** 


E 
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Structure has been used by leading truck body 
builders. Such bodies often outlast as many 

as eight chassis. The same factors that make 
Lindsay Structure ideal for truck bodies make 
it perfect for mobile ground support 
equipment — complete flexibility of design 
because of thousands of different-sized pre- 
fabricated components and panels plus unusual 
strength and lightness. 


LET US HELP YOU WITH YOUR GROUND SUPPORT 
EQUIPMENT INCLUDING PROTOTYPES. WRITE OR 
PHONE FOR INFORMATION. 


INTERNATIONAL STEEL COMPANY 


Lindsay Structure Division * 1543 Edgar St. © Evansville, Indiana 47707 
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BEYOND APOLLO—THE 
U.S. SPACE PROGRAM 


MISSILES AND ROCKETS will 
publish its fourth annual NASA 
issue November 30, 1964. Now 
accepted as the authoritative 
publication on the nation’s 
space agency, will examine 
the National Aeronautics and 
Space Administration’s cur- 
rent and future projects, peo- 
ple and facilities—plus NASA 
fiscal 1966 budget planning 
now being considered by the 
administration. 


© 


PUBLICATION DATE 
NOVEMBER 30, 1964 


ADVERTISING CLOSES 
NOVEMBER 16, 1964 


With major procurement for 
the Apollo manned lunar 
landing program now behind 
it, NASA is deep in the plan=} 
ning of newprojects to expand} 
man’s knowledge in space. } 
Special emphasis is placed in’ 
this issue on the U. S. Space’ 
Program—BEYOND APOLLO 
—with detailed descriptions { 
of post-Apollo missions: | 


Lunar Logistic Supply System | 


Manned Orbital Research 
Laboratory 


Extended Apollo 
Project Voyager 


Manned and Unmanned 
Planetary Probes 


is outstanding special issue 
so features an up-to-date 
alysis and report of: 


ommunications Satellite 
Orporation — Procurement 
my aes: hardware planning 
id organization of the first 
ymmercial space venture. 


tomic Energy Commission— 

look at the future of nuclear 
ace propulsion and power 
stems. 


feather Bureau — Plans and 
inding for weather satellites 
‘ the future. 


ISSILES AND ROCKETS pro- 
des the recognized and au- 
ioritative route to reach the 
en who will be making the 
search, design, engineering 
1d procurement decisions in 
ese new multi-billion dollar 
rograms. 


BONUS CIRCULATION 


By request, the fourth annual 
NASA issue of MISSILES AND 
ROCKETS will provide 5,000 
bonus circulation to the deci- 
sion-makers in NASA, AEC, 
ComSat Corp. and the 
Weather Bureau. This means 
more impact, more readership 
for your advertising dollars in 
MISSILES AND ROCKETS. 


Coating problems on = **, 


launcher arms, launchers, 
flame deflectors, flame buckets 


@eeeoeeeces 
e 
e 


Specialized coating problems? 
The Rust-Oleum Corporation 
specializes in the research, de- 
velopment, and manufacture of 
coatings for particular problems 
in the missile and aircraft in- 
dustry. Skilled Rust-Oleum spe- 
cialists and technical service 
personnel are available to work 
hand-in-hand with you and your 
organization. May we hear 
from you? 


RUST-OLEUM CORPORATION 


2479 Oakton St. © Evanstan, Ill. 


Forty years Distinctive 
of industr as your own 
proof. fingerprint. 


RUST-OLEUM 
s101's 
RUST). | 
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Burroughs Gets Gemini 


And Agena Guidance Job 


New computer program introduced at Cape will enable 
simultaneous countdowns for the two launching systems 


by Chris Butler 


CapE KENNEDY—The role of guid- 
ing the Gernini spacecraft and its Agena 
target into orbits capable of achieving 
rendezvous has been assigned by NASA 
and the Air Force Systems Command 
to the Burroughs Corp. ground-based 
guidance computer and crews here. 

The Burroughs equipment and Gen- 
eral Electric/Burroughs Atlas guidance 
team has directed control of 257 mis- 
sile flights without a single computer 
delay or failure since winning the first 
Atlas radio command guidance contract 
in 1955. These include the four Mer- 
cury orbital flights. 

e@ New touches—A new computer 
program, called the Universal Ground 
Test, was developed by Burroughs en- 
gineers to permit the Mod III Ground 
Guidance Computer to conduct simul- 
taneous countdowns on the Atlas-A gena 
and Titan Il-Gemini systems. It marks 
the first time such a program has been 
used here. 

Two new. arrays of Burroughs-de- 
veloped equipment have been added 
to the computer to provide the data re- 
quired for the Gemini program. These 
are the Data Exchange Unit (DEU) 
and the Flight Monitor Recording Con- 


| sole. 


The DEU will accept data from 
NASA’s tracking network concerning 
the target vehicle’s orbital plane until 
T-minus 3 minutes to permit final com- 
putation of the Titan Il-Gemini launch 
azimuth and trajectory to effect the 
rendezvous. 

The DEU will be used to orient the 
Gemini spacecraft inertial guidance sys- 
tem before and during the launch phase 
to provide reference data for use during 


rendezvous, This information also will 
permit the on-board spacecraft guid- 
ance system to assume control of the 
Titan Il first and second stages if the 
primary guidance system should fail 
during powered flight. 

Guidance data also will be trans- 
mitted to Mission Control Centers here 
and in Houston to provide data for deci- 
sions concerning the astronauts’ safety. 
DEU-transmitted data at the end of 
powered flight will be used by Goddard 
Space Flight Center, Greenbelt, Md., 
to predict the number of orbits the 
spacecraft may attain. 

The Flight Monitor Recording Con- 
sole will monitor 26 key performance 
characteristics of the guidance computer 
and launch vehicle telemetered back 
during the launch. The information will 
include such things as engine deflection, 
pitch and yaw, and the status of flight 
controls. If any malfunctions should 
materialize, Mission Control Center will 
be alerted so corrective or abort action 
can be taken. 

Before the first manned Gemini 
flight takes place, the Burroughs guid- 
ance computing system with the addi- 
tions will be tied in to the NASA Mis- 
sion Simulator here to train Gemini 
astronauts and support personnel. 

All the equipment is now in place 
here and interface tests are being run 
with the Integrated Mission Control 
Center in Houston, Tex. 

None of the additions or modifica- 
tions will interfere with continued use 
of the Mod III Computer System to sup- 
port the Ranger, Mariner, EGO, OAO, 
Atlas Weapons System, Fire, ABRES 
and Air Force 638 programs in addition 
to handling the Gemini and Gemini 


_ target vehicle launches. a 
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ere systems 


Ranger Shows No 
‘Changes Needed In 


Surveyor Design 


But JPL project manager stresses that 
crater ray areas will have to be avoided 


PASADENA, CaLiF.—Ranger VII picture information 
“tends to remove a little of the mental anguish caused by 
our uncertainties about the lunar surface. 

“Tt does not make our job any easier, but it also does 
not call for redesign of the spacecraft,” said W. E. Giberson, 
Surveyor project manager at Jet Propulsion Laboratory, in 
an interview with MISSILES AND ROCKETs. 

He emphasized that the Ranger pictures showed that 
Surveyor would have to keep away from crater ray areas. 
The density of secondary craters makes an automatic land- 
ing hazardous there. 

Giberson said the landing site for the first Surveyors, 
the Sea of Storms, contained a very dangerous region in 
the northeast, because of secondaries from the crater Kepler. 
However, the southwest of the sea looked smooth and prob- 
ably would be a good landing site. 

Giberson would like the next Ranger mission to photo- 
graph a part of the Surveyor landing area that was free of 
rays, to confirm that it is indeed smoother than the area 
photographed by Ranger VII. 

Later Surveyor missions, not restricted to normal inci- 
dence landing from a direct-ascent trajectory, will have a 
much wider choice of landing areas. 

Giberson suggested that many of the craters that appear 
as shadows in the final Ranger pictures might have side 
slopes of less than 23°, the Sun angle at the time they were 
photographed. He said some of the slopes might be as low 
as 10°. This coupled with the fact that Surveyor had landed 
successfully on slopes greater than its specified 15° made a 
successful landing in such an area more probable than it 
appeared on first sight. However, he did not care to put a 
figure on the probability of success. 

@ Special problems—tThe difficulty of the Surveyor mis- 
sion and the likelihood of failures were emphasized by 
Giberson. He pointed out that a system like the Atlas-Agena 
was extensively tested in trial launches that were relatively 
close to the analysis team. Surveyor, on the other hand, had 
to carry out similar operations in reverse—ignition of main 
retro engine, stage separation, vernier engine operation— 
but in a lunar environment some 240,000 mi. away from 
its designers. 
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General Electric has the 
right tungsten for you 


General Electric produces tungsten in sheet, plates, 
billets, and pre-forms to fit almost every current ap- 
proach to rocket nozzle design. This wide range of forms 
enables you to take advantage of the high melting point 
(6170°F) of this unique refractory metal. 


1. FORGING /MACHINING—G.E. makes solid 
billets up to 9” in diameter and preforms with an O.D. 
as large as 12’. You can forge these into high integrity, 
worked structure pieces, ready for machining. 


2. DIRECT MACHINING— If you don’t require a 
worked structure, direct machining from G-E pressed 
and sintered billets or preforms may be your answer. 


3. SPINNING—G-E tungsten sheet and plate of re- 
producible high quality is available for shear spinning 
or conventional spinning. Plate is available in thicknesses 
of %” and larger, and widths up to 2 feet. 

For more information, call or write General Electric 
Company, Lamp Metals and Components Department, 
21800 Tungsten Road, Cleveland, Ohio, 44117. 
Telephone: (216) 266-2966. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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YOU PROBABLY KNOW 
3 FUNCTIONS FOR HONEYCOMB 


... THERE ARE 15 


Honeycomb is best known for its 
outstanding performance in high 
strength/lightweight sandwich struc- 
tures. Because honeycomb crushes 
uniformly it also finds wide use as 
a high efficiency energy absorber. 
Additionally, metal honeycomb pro- 
vides the unusual combination of RF 
shielding and very low air resistance, 
low turbulence ventilation. 


Yet the above examples demonstrate 
only a portion of the design benefits 
available from honeycomb. 


Let’s consider the basics of honey- 
comb in order to categorize the func- 
tions for which it can be useful. First 
let's define honeycomb and review its 
geometric characteristics. From this, 
then, we can consider the functions 
of honeycomb and the materials 
available to best meet the application. 


DEFINITION: 


Honeycomb is a continuum of uni- 
form two dimensional geometry 
which can extend infinitely in the 
third dimension. 


GEOMETRIC CHARACTERISTICS: 


1. It has stabilized hexagonal, col- 
umnar Cells. 


2. It is a composite of parallel, uni- 
form cells sharing common walls. 


3. It has high surface area to volume. 


4. It has high free area to volume. 


FUNCTIONS: 


The characteristics of honeycomb 
suggest that it can be the answer to 
many problems arising with any of 
the following functions. (We have 
listed only those functions which 
apply most directly to the aerospace 
industry.) 


® Structural High Strength 
= Structural Low Weight 
= Uniform Crush 


= Filtering (including 
radio waves) 


® Insulation 


= Light Control (diffusion 
and collimation) 


= Fluid Control (direction 
and turbulence) 


= Storage and Encapsulation 
= Surface Reaction 

= Heat Exchange 

= Separation 

= Metering or Counting 

= Cushioning 

= Conduction 

® Vibration Damping 


MATERIALS: 


Because it is possible for Hexcel to 
produce honeycomb from nearly any 
material available in foil or web form, 
you can combine the characteristics 
of honeycomb with the properties of 
the material which best suit your 
needs. Hexcel honeycomb materials 
include aluminum of various alloys, 
paper, glass reinforced plastics, as- 
bestos reinforced plastics, plastic 
films and many super alloys. 


ONLY HEXCEL CAN OFFER: 


1. Over 500 production types of hon- 
eycomb. 


2. Readily available applications en- 
gineering assistance. 


3. Substantial R & D facilities. 


4. The most comprehensive library 
of technical honeycomb informa- 
tion in existence. 


For additional information, write to- 


CS HE XCEL PRODUCTS INC. 

World leader in research and manu- 

facture of honeycomb core materials. 

XY Executive Offices: 2332A Fourth Street, 

Z Berkeley 10, California, (415) 843-4664 

Applications Engineering Offices: Hunts- 

ville, Alabama; Berkeley, Inglewood and 

La Mirada, California; Havre de Grace, 
Maryland; Arlington, Texas 
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“You do the best you can on Earth 
to test the spacecraft,” he said, “but 
there is nothing like a flight to validate 
your design.” For this reason the first 
four Surveyor flights to the Moon are 
engineering test flights, and failures are 
to be expected. Giberson said he would 
be very happy if one of the four flights 
landed and survived. 

“There were failures on Ranger,” he 
said, “but that was a tough damn mis- 
sion. Surveyor is a tougher mission, and 
we are going to have failures.” 

® Flight plans—At present, seven 
Surveyor missions are authorized. They 
are expected to cost $250 million. After 
the four engineering test flights, three 
vehicles with scientific payloads will be 
launched (M/R, July 6, p. 27). 

The engineering missions will carry 
a downward-looking television camera 
that will show the area of the Moon that 
Surveyor is heading for. One high- 
performance television camera will also 
be carried, to assist in survival assess- 
ment and to take a quick look at lunar 
topography. In the scientific missions, 
two high-performance cameras will pro- 
vide binocular stereoscopic viewing, and 
extensive topographical mapping. 

Giberson said that the first of the 
engineering flights would take place in 
the second half of 1965, probably after 
September. This would be in spite of 
the fact that October through February 
are poor launch months for direct-ascent 
trajectories (because there is little or 
no post-landing sunlight and the early 
Surveyors will not survive the lunar 
night). However, an engineering test 
flight calls only for a successful land- 
ing and indication of survival of im- 
pact. 

Giberson confirmed that although 
there was a time when Centaur was 
holding up Surveyor development, this 
was no longer true. “It would be ab- 
solutely unfair of me to say at this 
time who’s holding whom up,” he said. 
“We both are experiencing some slip- 
pages because of technical problems 
and an expanding ground-test program 
to look at problems we did not see a 
year ago. We are both intensifying our 
ground-test work.” 

® Changes—Specific problems met 
in the Surveyor program have included 
difficulties with the three vernier motors, 
which control the final phases of de- 
scent after separation of the main retro- 
rocket. 

“This is one of the real critical com- 
ponents,” said Giberson, “and we got 
into trouble with the design by RMD 
(Reaction Motors Division, Thiokol). 
“By coming up with some fixes, the 
RMD motor looks satisfactory now. In 
the last two months, RMD has made 
some very significant progress, and 
I’m feeling a lot better about the situa- 
tion.” ; 


The spacecraft design has been 
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Scientific-Atlanta 
plus: 


CUSTOM CONFIGURATION... 
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BD PARTS 


WITH STANDARD 


Scientific-Atlanta’s servo-controlled tracking pedestals offer advantages not found else- £ PP, 
where in the industry! Production line assembly of custom systems from standardized 4 
modules offers substantial off-the-shelf economy and adaptability. Each week thousands Pe 7 
of hours of service are proving the rugged dependability of Scientific-Atlanta posi- i 
tioners already installed on many of the free world’s antenna systems. Astronomy, | ae 4 
Guidance, Transportable Auto-Tracking, Shipboard Stabilized . . . almost any type of eee f 
custom system can be tailored neatly and economically from Scientific-Atlanta’s reliable ' / - 
servo and mechanical designs. Write today for “Series 3000” brochure featuring field- | ff 
proved elevation-over-azimuth systems with all solid state servos and accessories. If H 
your system is custom, mail or phone in your requirements. hy 
C[_—- 


AUTHORIZED SALES AND SERVICE REPRESENTATIVES IN 15 COUNTRIES 
CONTACT EXPORT MANAGER FOR ADDRESS OF NEAREST OVERSEAS OFFICE 


P, 0. Box 13654 Atlanta, Georgia 30324, U.S.A. Phone: 404-938-2930 Telex (TWX) 404 938-1322. Cable: Sciatla. 
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utocollimation 


to solve 
Alignment 
Problems 
of a highly 
precise 
nature. 


When equipped with the new No. 356 Autocollimating Eyepiece, 


The KERN DKM2 


this famous one-second theodolite has a total magnification of 23x and 
an operating range from zero to at least 100 feet for autocollimation. 


Write far 
technical data | — 


ania : ern 


Swiss 


111 Bowman Ave., Port Chester, 
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The FINEST in SURVEYING EQUIPMENT 


KERN INSTRUMENTS INC. 


, N.Y. 


What’s the shortest distance 


between these 2 points? 


Los Angeles 


See = ee erent esata minamgmpenrnenremue 


San Diego Houston New Orleans 


National’s direct line. 


We call it our “Rocket Run.” It’s the only direct jet service between 
the major space centers of the west and Melbourne (closest air- 
port to Cape Kennedy.) 


Cape Kennedy 


aes - een 
oe 2 
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Melbourne 


You jet between Los Angeles and Melbourne without changing planes. 
National also serves the key space age cities along the east coast. 


Is this any way to run an airline? You bet it is. 


Jet National // 


coast to coast to coast 
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| 
changed to accept reduced venie 
gine performance. However, the change 
has not been as extensive as would have 
been required if an alternative enginé 
developed for JPL by TRW Space Tech: 
nology Laboratories had been substi- 
tuted. Although this has a very muck 
wider throttling range than the RMD 
engine, which is capable of 3.5:1, it 
requires a different control system. 

Tests of the improved descent sys: 
tem will be carried out at White Sands 
Missile Range towards the end of this 
month or early in September. These 
tests represent a recycling back to ar 
earlier series, with a number of modifi: 
cations incorporated in the system. Gi- 
berson pointed out that all sorts of 
problems had appeared when tests 
reached the system level, and he em: 
phasized that every one would be thor 
oughly checked out before a lunar mis- 
sion was attempted. 

At one time the mast carrying the 
solar panel and planar directional an: 
tenna had to be lengthened to make 
room for a lunar rock drill. Then the 
drill was removed from the payloa¢ 
and the mast shortened. This called for 
an antenna design adjustment to give 
better center of gravity control. In early 
vibration tests the mast broke and hat 
to be stiffened. This added weight 
which had to be compensated for if 
another part of the spacecraft. 

To accommodate changes of centel 
of gravity caused by strapping on dif 
ferent instrument payloads, adjustable 
counterbalance weights are now carrie¢ 
on the spacecraft legs. 

Thermal design of the spacecraf 
has also been a severe problem, not the 
| least part of which has been in gettiny 

good simulation of solar radiation. Thi 
calls for a collimated beam over thi 
entire spacecraft (about 13 to 14 ff 
across). Lack of an accurate paralle 
beam across this diameter leads to vari 
ations in results. 

Thermal design is a problem in vehi 
cles such as Mariner or Ranger, whicl 
travel through space at a relativel 
constant angle to the Sun. But for } 
spacecraft on the Moon there are addi 
tional complications: the Sun angle i 
constantly changing and the spacecraf 
is sitting on a hot surface. Also, if the 
spacecraft should land in the shadov 
of a rock, it will be plunged into t 
extreme cold of lunar night. 

“This whole thermal control prob 
lem is a major concern,” said Giberso 
“It is very difficult to get these con 
tions on Earth.” 

This, again, is an aspect of spa 
craft design that ultimately has to b 
checked out on an engineering flighi 
“There are just as many reasons fo 
having test flights of spacecraft as fi 

launch vehicles,” concluded Giberson. 


Record or Reproduce either width without 
mechanical or electrical changes. 


Make continuous loop dubs from original tapes on one 
recorder. Operating at your choice of 8 electrically- 
selected tape speeds, Sangamo 4700 now has an op- 
tional feature which allows you to handle two different 
tape widths at the same time. One width operates in 
reel-to-reel mode...the other width operates as a 
continuous loop. 


Flexibility is unparalleled. Without time-consuming 
mechanical or electrical changes—without even chang- 
ing heads or guides—the 4700 will handle %” or 1” 
tape, either on reels or in a loop. 


She 


Another Sangamo first in Magnetic Tape Flexibility 


NOW THE SANGAMO 4700 HANDLES 
BOTH |" AND 72" TAPE SIMULTANEOUSLY 


The Sangamo 4700 is unique in analog tape instru- 
mentation. Its light mass capstan drive and unmatched 
servo Speed control provide unsurpassed data accuracy 
in FM (DC to 20 KC) and Direct (300 to 300,000 cps) 
ranges. 


Be sure to investigate the 4700 for general recording 
applications and the 480 time delay magnetic tape 
recorder/reproducer for auto- and cross-correlation 
applications. 


SANGAMO ELECTRIC COMPANY 


SPRINGFIELD, ILLINOIS 
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For solid performance in outer space, 


see DOUGLAS! 


i / 
DOUGLAS-BUILT DELTAS have launched a majority of all Free World scientific 
and research satellites. Developed under the direction of the U.S. National 
Aeronautics and Space Administration (NASA), this three-stage space 
booster has the remarkable record of 22 consecutive successes. 


SPACECRAFT SHAPES that can race 
through earth’s atmosphere inseconds 
without deteriorating from the intense 

’ ’ heat and shear effects are model- 
; van (fh \ Bala. — a: tested in the Douglas Aerophysics 
ey } Laboratory. This Douglas-owned, 10- 
million-dollar facility includes wind 
tunnels with speeds up to 12 times that 
of sound, a hypervelocity impulse tun- 
nel, and a ballistics range that can 
test models at speeds up to more than 
23,000 miles per hour. 


PACKAGING THE EARTH’S ENVIRONMENT for delivery anywhere in Lf 
the solar system is the aim of Douglas biotechnology research. 

Means are being developed to provide spacemen with air where \ 
there isn’t any . .. comfort where the temperature ranges from DOUGLAS 
the cold of near zero to a re-entry heat of thousands of degrees 
... protection against gravity extremes from none at all to many 
times what people are subjected to on earth. . . and many other 
equally important factors relating to man’s survival in space. 


| 
MISSILE & SPAGE SYSTEMS DIVISION 


etter Se i I 
SO a SES SR OTS 


The Industry Weekes: 


Mergers and Acquisitions one division. L. H. Oppenheim will head the re- 
, combined operation. ... Volumetrics, Inglewood, 
Litton Industries, Inc., Beverly Hills, Calif,  Calif., has announced the addition of a pressure 


has acquired the assets of Mellonics Systems De- _gauge and calibration repair service, traceable to 
= velopment, Inc., Sunnyvale, Calif. Mellonics is the National Bureau of Standards. . . . Liberty 
é involved in the design and implementation of Machine Co., Berlin, Conn., is offering a new serv- 
= command and control and data processing sys- ice—round-the-clock atmosphere contamination 
= tems. It will be operated as a division of Litton’s monitoring for critical working areas. The serv- 
= Systems Group and will continue under present _ice is available to firms located east of the Mis- 
= management. ... Aeroquip Corp., Jackson, Mich., sissippi River. Liberty manufacturers white 
= has purchased the Omniseal line of elastomer rooms and accessories. 
Cos oe Reid Manufacturing Co., Long Beach, 
Ed if. The product is used for exotic fluid appli- eee [ene 
cations in the missile/space industry. Aeroquip Missile/ Space Facilities 

e plans to integrate the line into its Aircraft Div. Bourns, Inc., Riverside, Calif., producer of 
| in Burbank, Calif. ... American Electronic Lab- _ adjustment potentiometers, has announced plans 


oratories, Inc., Colmar, Pa. has acquired the to construct a manufacturing plant in Ames, Ia. 
Davers Corp., specialist in advanced infrared de- The 67,000-sq.-ft. facility will be completed in 


site 


8 tection devices and components. Davers is located mid-1965. . . . Space & Tactical Systems Corp., 
2 in Horsham, Pa... . L&R Manufacturing Co., Burlington, Mass., has expanded to a new plant 
= Kearny, N.J., has purchased the Master Specialty at 45 Middlesex Turnpike. The building houses 
Be Products Manufacturing Co., producers of alumi- _— the Data Systems, Power Systems and Mechani- 


num shelving and chemical specialty products. The cal Systems Groups, as well as the firm’s produc- 
Newark, N.J., firm will be relocated in Kearny tion facilities. SPACETAC manufactures minia- 
and operated as the Master Specialty Products ture pulse-height analyzers, special power sup- 
Div. of L&R., manufacturer of ultrasonic and plies and nuclear detection instruments for the 


sgunnecse 


mechanical cleaners for precision parts....UGC = missile/space industry. . . . Electro Materials 
Instruments, Inc., Shreveport, La., has purchased —_ Corp., supplier of basic ceramic materials to 
Benson-Lehner Corp., Van Nuys, Calif., manu- manufacturers of ceramic capacitors, has moved 


facturer of data reduction and graphic display _into a 17,000-sq.-ft. building in San Diego, Calif. 
equipment. UGC Instruments, a subsidiary of The firm will now enter full capacitor production. 


Se Le ARN AA ATE 
eS 


J 


United Gas Corp., manufactures automatic oscil- Joseph Crowther has been named manager and 
lograph readers and adding machine/magnetic technical director of the new operation. ... Com- 
tape equipment. par Los Angeles, affiliate of Compar Corp., has 


moved into a new office in Glendale, Calif. Compar 
is a nationwide organization of electronics manu- 
facturers’ representatives. ... Rohr Corp., Chula 
Mohawk Data Sciences Corp., an electronic Vista, Calif., has installed a building-on-wheels 
data processing firm, has been formed in New for use in welding nozzle components being built 
York by eight former executives of Sperry Rand for Thiokol Chemical Corp. Mobility was neces- 
Corp.’s Univac Div. V. E. Johnson, president of | sary so that components being built inside could 
the new company, announced that Mohawk will be more easily removed. Rohr is a components 
“manufacture devices and provide services for | manufacturer for the aerospace industry. 
management of information through electronics.” 
The company’s founders all resigned from Univac 
within the past few weeks, saying they were “‘con- 


New Activities 


Company Representatives 


templating a business venture.” ... Philco Corp.’s IMC Magnetics Corp., Maywood, Calif., has 
Aeronutronic Div. is establishing a field station appointed Engineering Components Co. as its 
at the Army’s Aberdeen Proving Grounds, Aber- engineering sales representative for upstate New 
deen, Md., for support tests of the Shillelagh York. ECC has offices in Syracuse and Bingham- 
guided missile. Leon C. Hummell has been ap- ton, N.Y... . Spectrol Electronics Corp., San 
pointed field station manager. Aeronutronic is Gabriel, Calif., has named Newark Electronics, 
prime contractor on the Shillelagh. ... Franklin Inc., Chicago, as distributor for its line of poten- 
Systems, Inc., West Palm Beach, Fla., has tiometers, trimmers and dials. . . . Edgerton, 
changed its name to Franklin GNO Corp. and an- Germeshausen & Grier, Inc., Boston, has ap- 
nounced plans to devote its activities solely to pointed Harry Levinson Co. as product sales rep- 
scientific and engineering analysis and develop- resentative in Oregon, Washington, Montana 
ment work. The firm was previously an instru- and parts of Idaho. Levinson is located in Seattle. 
ment and electronic systems manufacturer, but ... Electro Materials Corp., San Diego, Calif., has 
now is curtailing all hardware product lines. Its named Compar Los Angeles as Southern Cali- 
primary technology is in the field of atomic en- fornia representative for its new line of minia- 
ergy applications and nuclear methods of meas- ture ceramic capacitors.... Amprobe Instrument 


urement and control... . Kaiser Industries Corp., Corp. has named Industrial Instruments, Inc., 
Oakland, Calif., is consolidating the domestic and Cleveland, Ohio, as sales representative for north- 
international operations of Kaiser Engineers into eastern Ohio and northwestern Pennsylvania. 
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—ontracts and procurements 


AWARDS 


AIR FORCE 


$34,500,000—General Telephone and Telegraph Corp., Sylvania Electric 
Products, Inc., Waltham, Mass., for continued production of ground 
electronic system equipment for the sixth Minuteman wing. 

$7,135,000—Systems Development Corp., Santa Monica, Calif., for portions 
of electronic satellite-control systems. 

$4,900,000—Burroughs Corp., Detroit, for provision of 151 B263 electronic 
data processing systems for use at U.S. and overseas bases. 

$1,130,000—General Electric Corp., New York City, for research and devel- 
opment work. 

$1,033,000—Lockheed Aircraft Corp., Redlands, Calif., for a feasibility 
demonstration of a thrust vector control for Air Force propulsion systems. 

$219,624—Raytheon Co., Space & Information Systems Div., Bedford, Mass., 
for experimental satellite investigation of the ionosphere. 

$204,400—SFD Lahoratories, Inc., Union, N.J., for development of manufac- 
turing methods, processes and techniques for producing on a quantity- 
quality basis an X-band coaxial magnetron. 

$151,540—Thiokol Chemical Corp., Huntsville, Ala,, for Lance rocket 
motors with igniters and shipping containers 

$150,000—Rocket Power, Inc., Mesa, Ariz., for study of thermodynamic 
properties of rocket engine exhaust products. 


ARMY 


$2,557,872—Firestone Tire & Rubhher Co., New Bedford, Mass., for manu- 
facture of high explosive anti-tank projectiles. 

$1,615,111—Western Devices, Inc. Burbank, Calif., for 3,000 equipment con- 
soles for the Moon launch complex on Merritt Island, Fla. 

$1,360,000—Hayes International Corp., Birmingham, Ala., for fabrication 
of Sergeant missile launchers. 

$64,907—Frank A. Kennedy, Inc., Cocoa Beach, Fla., for modifications to 
two launch complexes at Cape Kennedy. 

$40,000—Martin Co., Orlando Div., Orlando, Fla., for studies to refine its 
design for a new tactical communication system, Random Access Discrete 
Address (RADA). 

$31,680—Raytheon Co., Andover, Mass., for concurrent and replenishment 
repair parts for the Hawk missile system. 


UNBOLT ... UNLATCH... RELEASE 
sd ENERGY 


in an instant... get 


cond x 


EXPLOSIVE ACTUATED RELIABILITY 


It's a fact... whatever can be done with explosive actua- 
tion, Conax does it more reliably . . . and their problem- 
solving ingenuity matches the dynamics of their technol- 
ogy, too! Since inventing the first explosive actuated 
valve for aerospace applications over twelve years ago, 
Conax has provided the widest range of the most reliable 
explosive actuated devices in the world . . . 99.99+-% 
reliable, we mean! Get the facts in the free catalog B-1864. 


CONAX EXPLOSIVE PRODUCTS DIV. 


2300 Walden Avenue, Buffalo, N. Y. 14225 / 716-684-4500 
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NAVY 


$5,550,012—Sperry Rand Corp., Great Neck, N.Y., for manufacture of navi- 
gation systems for three Apollo tracking ships. 

$3,429,914—Chroncraft Corp., St. Louis, Mo., for manufacture of rocket 
launchers for the Air Force. 

$1,191,156—Defense Electronics, Inc., Rockville, Md., for design, fabrication 
and assembly of two portable ship instrumentation packages for ship- 
board use in support of Polaris missile test operations. 

$1,144,710—Control Data Corp., St. Paul, Minn., for computer accessory 
equipment. j 

$788,289—Hughes Aircraft Co., Culver City, Calif., for shipboard satellite 
communications sets for use with Syncom II and Syncom III space relay 
units. 

$276,950—Noser Construction Co., McAllen, Tex., for Rio Grande Space 
Surveillance Station. 

$260,577—Westinghouse Electric Corp., Washington, D.C., for molded foam 
wafers for the Polaris launcher. 

$107,500—General Electric Co., Washington, D.C., for provision of in- 
residence Polaris missile system field engineering services at the U.S. 
Naval Guided Missiles School, Dam Neck, Va. 

$106,595—Hughes Aircraft Co., Los Angeles, Calif., contract modification 
for engineering services for installation of MK 84 and A2 simulators. 

$71,406—Hughes Aircraft Co., El Segundo, Calif., for simulators for Polaris 
A2 training program. 


NASA 


$496,000,000—North American Aviation, Inc., Downey, Calif., for construc- 
tion of spacecraft modules for the Apolio program. 

$740,964—United Aircraft Corp., Hamilton Standard Div., Windsor Locks, 
Conn., for Apollo pressure suit assemblies. 

$360,000—United Aircraft Corp., Research Lahoratories, East Hartford, 
Conn., for fundamental research associated with high-pressure rocket 
propellant pumps. 

$353,000—Avco Corp., Research & Advanced Development Div., Wilming- 
ton, Mass., for a micrometeoroid impact study. 

$269,000—General Motors Corp., Defense Research Lahoratories, Goleta, 
Calif., for experimental investigations of simulated meteoroid damage 
to various spacecraft structures. 

$250,000—North American Avlation, Inc., Space & Informatlon Systems 

Div., Downey, Calif., for a study to determine system criteria for launch 

vehicle systems. 

$121,280—D. B. Milliken Co., Arcadia, Calif., for 16-mm motion-picture 
cameras to be used in the Project Apollo test program. 

$107,000—Vitro Corp., Vitro Lahoratories Div., West Orange, N.J., for 
development of oxidation resistant coatings for use above 3,500°F. 

$80,233—Aerojet-General Corp., Sacramento, Calif., for boilerplate space- 
craft spares and modifications. 

$79,212—-Arthur D. Little, Inc., Cambridge, Mass., for study of the effect 
of the lunar environment on magma generation, migration and crystalliza- 
tion. 

$77,460—Atlantic Research Corp., Missile Systems Div., Alexandria, Va., 
for 60 sets of Nike-Apache fin assemblies and interstage adapters. 

$65,111—Aerojet-General Corp., Sacramento, Calif., for refurbishment of 
Algol rocket motor with cant nozzle. 

$63,000—Spacelahs, Inc., Van Nuys, Calif., for a propellant leakage detec- 
tion system. 

$49,957—Hughes Aircraft Co., Hughes Research Lahoratories Diy., Malibu, 
Calif., for a R&D program for radiation measurements of radiological 
hazards of man in space. 

$49,900—Geophysies Corp. of America, Physics Research Div., Bedford, 
Mass., for study of lunar atmosphere detection and monitoring system. 

$35,000—Kaiser Engineers, Oakland, Calif., for design criteria report for 
upgrading and space environment laboratory. 


INDUSTRY 


$4,500,000—Giannini Controls Corp., Duarte, Calif., from North American 
Aviation, Inc., Downey, Calif., for the design, development and produc- 
tion of a propellant quantity gaging system, capable of operation under 
zero gravity conditions, for the Apollo spacecraft. 

$750,000—Fairchild Camera & Instrument Corp., Precision Metal Products 
Div., El Cajon, Calif., from North American Aviation, Inc., Space & 
Information Systems Div., Downey, Calif., for design, test and manufac- 
ture of LOX and liquid hydrogen flexible ducting for the S-II stage of 
the Saturn V/Apollo Moon-landing rocket. 

$640,000—Rantec Corp., Calabasas, Calif., from Collins Radio Co., Dallas, 
for production of Apollo S-band tracking antenna feed systems. 

$500,000—Leach Corp., San Marino, Calif., from North American Aviation, 
Iuc., Space & Information Systems Div., Downey, Calif., for instru- 
mentation data acquisition and storage units. 

$430,000—Microdot, Inc., South Pasadena, Calif., from North American 
Aviation, Inc., Space & Information Systems Div., Downey, Calif., for 
stress measurement systems to be used in the operational Apollo space- 
craft. 

$320,000—Microwave Electronics Corp., Palo Alto, Calif., from Beech 
Aircraft Corp., Wichita, Kan., for supply of augmentor-type traveling 
wave tubes for expendable target drones. 

$150,000—Phileco Corp., Western Development Lahoratories Div., Palo 
Alto, Calif., from California Institute of Technology, Jet Propulsion 
Lahoratory, Pasadena, Calif., for provision of engineering assistance in 
a program to advance the reliability of electronic components used in 
space exploration missions. 

Textron Electronics, Inc., Heliotek Dlv., Sylmar, Calif., from Hughes Air- 
craft Co., Culver City, Calif., for solar cell modules for Early Bird 
communications satellite (amount undisclosed). 
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REQUESTS FOR BIDS 


GENERAL PROCUREMENTS 


Directorate of R&D Procurement 
Systems Eng. Group RTD 
Wright Patterson AFB, Ohio 

Fluid Dynamics Research involving operation of five supersonic wind 
tunnels, high pressure cabin/stand for component research and related sys- 
tems at 3,000 psi. Major portion of work to be conducted at Aerospace 
| Research Labs. RFP No. 516056-MA. 


| National Aeronautics and Space Administration 

Manned Spacecraft Center 

Houston, Texas 77058 

j NASA Manned Spacecraft Center is conducting negotiations with Litton 
| Systems Inc., for a preliminary design of a constant volume hard suit assem- 
bly. This synopsis is for subcontracting purposes. 


Purchasing Office 
George C. Marshall Space Flight Center 
National Aeronautics and Space Administration 
Huntsville, Ala. 35812 

Contractor must design, develop and pre-flight certification test pressure 
switches for Saturn V instrument unit. NASA proposes to issue RFQ 1-5-52- 
01051-01 on or about Sept. 10, with a period of 20 days to be allowed for 
submission of proposals. Proposals will be due Sept. 30. 


Purchasing Office 
George C. Marshall Space Flight Center 
National Aeronautics and Space Administration 
Huntsville, Ala. 35812. 

Research and development engineering operation and fabrication services 
in support of the astrionics laboratory at Marshall Space Flight Center. RFP 
1-5-40-50068 pre-proposal conference Sept. 11; RFP due date Oct. 16, 1964. 


Directorate Procurement and Production 
Middletown Air Materiel Area 
Olmsted AFB, Penna. 

Negotiations will be conducted with North American Aviation Inc., 
Autonetics Div., for contrchnical services for astro compass system. For 
information only; RFP not available. 


Contracting Officer 
National Aeronautics and Space Administration 
Langley Station 
Hampton, Virginia 

Langley Research Center is negotiating a contract with William R. Bean 
for development of alloys for 1,200°F strain gages as a result of receiving 
an unsolicited proposal. For information only; RFP not available. 


Bureau of Naval Weapons 
Washington, D.C. 20360 

R&D program directed toward design changes for Terrier weapons direc- 
tion and ancillary equipment. BuWeps intends to solicit a proposal from 
Western Electric Co. For information only; RFP not available. 


Directorate of Procurement FTMKR-6 
Hgs Air Force Flight Test Center 
Edwards AFB, Calif. 
Attn: William J. Lyons 

Negotiations are being conducted with Hercules Powder Co., Aerojet- 
General Corp., and Martin Marietta Corp. for the procurement of non-per- 
sonal technical services or orientation and indoctrination in rocket produc- 
tion and production processes being performed by these contractors on 
Polaris, Titan and Gemini. Other proposals cannot be considered for this 
procurement. 


National Aeronautics and Space Administration 
Ames Research Center 
Moffett Field, Calif. 94035 

Negotiations will be conducted with the University of Pennsylvania for 
studies on plant morphogenisis under weightlessness. For information only; 
RFP not available. 


Lewis Research Center 
21000 Brookpark Rd. 
Cleveland, Ohio 44135 

Negotiations will be conducted with Varian Associates, Vacuum Products 
Div. for the procurement of additional components to be incorporated into 
the vacuum system procured under Contr. NAS3-5753. For information only; 
RFP not available. 


SBAMA (SBPAA) Aerospace Procurement Div. 
Directorate of Procurement and Production 
Norton AFB, Calif. 92409 
Services to repair 2 LGM-25C missiles. Request for proposal has been 
issued to Martin Marietta Corp. 


Purchasing and Contracting Officer 
U.S. Army Missile Support Command 
U.S. Army Missile Command 
Bldg. 3152 
Redstone Arsenal, Ala. 35809 
Perform surface tolerance measurements on tracking antenna using the 
techniques of multistation analytical photogrammetric steriotriangulation 
method. For information only; RFP not available. 
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NEW FROM GENERAL ELECTRIC 


Type 151 fused 
silica for superior 
optical performance 


General Electric’s Type 151 fused silica is a high-purity 

optical material with exceptional homogeneity. It is 

ideally suited for laser, spectrometer and window ap- 

plications requiring high transmission and minimum 

distortion. Its outstanding properties include: 

e Highest transmission in ultraviolet 

e Resistance to darkening from exposure to gamma 
radiation 

e Exceptional homogeneity for Schlieren applications 

e Absence of bubbles and inclusions 

e Annealed to less than 10 millimicron/cm path differ- 
ence 


For highest infra-red transmission ask us about 
Types 105 and 106 fused quartz. 


Contact General Electric for all your fused quartz re- 
quirements. Tubing, rod, fabricated shapes and a full 
line of optical grades engineered to meet your needs 
most economically. Lamp Glass Dept., General Electric 
Co., Nela Park, Ohio 44112. 


G-E DISTRICT SALES OFFICES 


Midwestern 
Euclid Ave. & Campbell Rd. 
Willoughby, Ohio 
Area Code 216 266-4001 


Eastern 
133 Boyd Street 
Newark, New Jersey 
Area Code 201 824-1293 


Canada 
165 Dufferin Street 
Toronto, Ontario, Canada 
Tel: 532-4421 


New England 
50 Industrial Place 
Newton Upper Falls 64, Mass. 
Area Code 617 332-6200 


Western 
2747 South Malt Avenue 
Los Angeles 22, California 
Area Code 213 723-2541 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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——products and processes 


New Product of the Week: 
Single Crystal Grower 


A precision Verneuil single crystal 
growing system has been developed by 
Humphreys Corp. for production and 
experimental growth of high-tempera- 
ture single crystals using an induction 
plasma flame. 

The system consists of a powder 
feeder designed to feed all types of frce- 
flowing and caking powders onto the 
crystal as it is growing; a water-cooled 
induction plasma torch capable of op- 


erating on pure oxygen, air and nitrogen, 
as well as argon and helium; a seed 
crystal movement with mechanisms for 
crystal rotation, manual and electric up- 
down movement and two-way radial 
micrometer adjustment of the crystal. 
A high-temperature refractory muffle 
has been developed to minimize radia- 
tion from the crystal during growth and 
to allow slow annealing and cooling to 
prevent stress caking. 


Circle No. 1S? on Subscriber Service Cord 


Timing Receivers 


A line of VHF/UHF fixed-frequency 
timing receivers has been developed by 
Simmonds Precision Products, Inc. 

The Series 20000 receivers are crys- 
tal controlled and can be pre-tuned to 
a specified frequency anywhere within 
the 100 to 500 megacycle range. Noise 
figure is better than 5 db. The unit 
weighs 8 lbs. and measures 3.5 x 19 x 
8.5 in. 

Circle No. 152 on Subscriber Service Card 


Aluminum Capacitors 


Mallory Capacitor Co., a division of 
P. R. Mallory & Co., Inc., announced 
a new plastic molded tubular aluminum 
electrolytic capacitor line. Samples 
available immediately are 4%” x 14%” 
axial lead sizes. Two additional case 
sizes—%e"” x ¥%” and %” x 1%” are 
being tooled at present and will be avail- 
able shortly. 
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Designated MTA units, the operat- 
ing temperature range is —-20°C to 
+65°C. The working voltage range is 
3 WVDC-SOWVDC. The capacity range 
in the 4%” x 1%” size is 175 mfd. at 
3 v to 20 mfd. at 50 WVDC, with a 
standard capacity tolerance of —10% 
to +100%. The d-c leakage is less than 
0.03 microamperes per mfd. volt. Non- 
polar units have a capacity range from 
100 mfd. at 3 WVDC to 10 mfd. at 
50 WVDC in the %” x 1%” case size. 

Circle No. 183 on Subscriber Service Cord 


Editing Device 

Production of the first low-cost, 
automatic editing device has been an- 
nounced by Infor/onics, Inc. EDITOR 
I permits rapid preparation and correc- 
tion of data on perforated tape, in all 
areas where perforated tape is used. 

It is a small, fast perforated tape 
processor that executes natural editorial 
instructions, as directed by push button 


from an “editor’s console”. A first-draft 
tape is read on the EDITOR’s high- 
speed reader; this data is selectively 
copied, deleted, or re-formatted; new 
data is typed in as required; and a clean 
tape is produced by the EDITOR’s high- 
speed punch. 

The machine is compatible with any | 
input-output keyboard or tape type- 
writer. It will accept and produce 5, 6, | 
7, or 8-channel tape up to one inch 
wide in any tape code. 
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VHF Receiver 


Kahn Research Laboratories, Inc., 
is marketing an advanced VHR receiver 
in two models, the 63-1A and 63-1B. 
Both are fluxed-tuned receivers featur- 
ing a signal-to-noise squelch operation 
called Auto-Select. 

The 63-1A has a sensitivity of 1pv, 
yet radar pulse noise of up to lv does 
not falsely operate the squelch, the firm 
says. The system is also insensitive to 
white noise. Crystal filter selectivity pro- 
vides proper selectivity for 50-ke chan- 
nel separation. Remote contro] features | 
are included. 
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Bandpass Filter 


A fixed-tuned low frequency piezo- | 
electric ceramic bandpass filter, approx- | 
imately 0.1 the size of conventional 
quartz devices, has been announced by | 
Piezoelectric Div. of the Clevite Corp. | 

The plug-in units provide band- | 
widths in the order of 1% at 6 db over 
a range of frequencies from 5 to 50 kc, 
the firm says. The filters can be utilized 
individually as four-terminal resonators 
or can be cascaded in pairs for more 
exacting signal selection and stop band 
rejection. Operating temperature range 
is —40° to 85°C. 
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Semiconductor Laser 


A CW semiconductor laser weigh- — 
ing 45 Ibs. and featuring its own closed 
cycle cooling system has been intro- 
duced by Raytheon Co.’s Laser Ad- 
vanced Development Center. 

The gallium arsenide RSL4 delivers 
an Output of up to 0.5 watt of contin- 
uous power at a wavelength of 8,400 A | 
in the infrared region. Elcctrical effi- | 
ciency is 30%. Operating temperature | 
of 30°K is achieved with a closed-cycle | 
Norelco cooler driven by a 0.5-hp elec- | 
tric motor. Ordinary tap water is em- 
ployed in the heat exchanger for the 
cooler. 
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“Who is to bell the cat? 
It is CaSY to propose 


impossible remedies.” 
Aesop 


To live safely with a tiger, you must 
know when he comes your way. It is 
MITRE’s job to bell the cat. 


To design and develop large-scale 
warning systems that provide a first 
line of defense against the enemy. 


Back-up Interceptor Control System, 
North American Air Defense Combat 
Operations Center, and the National 
Military Command System. These are 
systems created with the tools of to- 
day’s computer technology. But they 
must be able to meet the challenge 
posed by tomorrow’s weaponry. That's 
the difficult part. 

This work calls for systems men who 
can solve difficult systems problems. 
Men with the imagination to think in 
terms of overall systems, as well as 
sub-systems, components. 


Men who can piece together in- 
finitely complex bits of knowledge on 
such subjects as sensors, communi- 
cations, data processing, display, 
military strategy, national policy, eco- 
nomics and psychology to make a 
workable plan. We have a lot of people 
like that at MITRE. The best in their 
field inthe country. We’re looking for 

| more. 


If you are looking for a creative sys- 
tems challenge, a chance to contrib- 
ute to national defense, perhaps you 
might consider working at MITRE. 


MITREis located in pleasant,suburban 
Boston. Openings are also available in 
Washington, D.C. and Colorado Springs, 
Colorado. Rewards are competitive. En- 
gineers and scientists — preferably 
with advanced degrees and at least five 
years’ experience in electronics, math- 
ematics or physics — write in confi- 
dence to Vice President — Technical 
Operations, The MITRE Corporation, 
Box 208G, Bedford, Massachusetts. 


THE 


MITRE 


CORPORATION 


An Equal Opportunity Employer 


Pioneer in the design and development of command and control systems, MITRE was chartered in 1958 to serve only the United 
States Government. An independent nonprofit corporation, MITRE is technical advisor and systems engineer for the Electronic Sys- 
tems Division of the Air Force Systems Command, and also serves the Department of Defense, and the Federal Aviation Agency. 
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9 
NY 


For the 
Flood of 
Relief 


Instantly washes away harmful 
contaminants from the face and 
body! This Model 8590 Drench 
Shower is operated by Haws’ in- 
stant-action ball valve for imme- 
diate “First Aid on Tap!’ Insist 
on Haws today! 


EMERGENCY 
DRENCH 
SHOWERS 


HAWS DRINKING FAUCET CO. 
1443 Fourth St. « Berkeley, Calif. 94710 
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Infrared Detector 


Fast scan rates and high resolution 
over a wavelength band of 2-15 microns 
are possible with a new infrared detec- 
tor introduced by Raytheon Co. The 
QKN1266, which employs mercury- 
activated germanium, has both a time 
constant of approximately one micro- 
second and a high responsivity. It can 


be used in airborne and laboratory in-" 


stallations. 

The detector has a _ transparent 
barium-fluoride window, an aperture 
area of 2.5 x 10° sq. cm., and a 45° 
acceptance angle. Average detectivity 
D*(500,900,1) is 4 x 10° cm cps” per 
watt. Noise equivalent power NEP 
(500,900,1) is 1.3 x 10™ watts/cps” 
and responsivity R(500,900,1) is 10* 
to 10° volts/watt, depending upon 
aperture size. 
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Current Meter Reader 


Geodyne Corp.’s flying spot scan- 
ner is available for reading current 
meter digital records. The reader out- 
put presents analog strip chart and 
IBM format magnetic tape. The 120,- 
000 instantaneous readings of com- 
pass and vane obtained per 100 ft. 
film can be computer processed to give 
vector averaged directions. Averaged 
vector lengths are presented to indicate 
degree of angle scatter. As each rotor 
pulse is recorded and averaged, instan- 
taneous speeds may be determined. 
Numerical printout, speed and di- 
rection histograms, trajectory summa- 
tions, power spectra, N and E com- 
ponents may be plotted. Films from 
wind, temperature, and pressure in- 
struments can also be read. 
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Cermet Current Limiters 


A new solid-state cermet current 
limiter, offering positive and predictable 
protection for semiconductor devices, 
featuring clearing time of less than 
0.001 sec. at 316% of rated value, has 
been introduced by Electra Manufactur- 
ing Co. 

Extreme speeds are accelerated by 
high operating temperatures due to a 
temperature coefficient of +2,500 
PRM/°C. Cold resistance is 0.022 
ohms to 13.5 ohms. It is 10,000 meg- 
ohms (nominal) after firing. The de- 
vice, called P-400, measures 0.250” x 
0.250” x 0.125” and is rated at 45 amp 
to 5 amps. 
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Nixie Set/Reset Indicator 


The G-104/N-1A is expressly de- 
signed by Coltronix, Inc., for those ap- 
plications involving the parallel transfer 


of information in the 1-2-4-8 code into 
a digital display. Operating rates up to 
110 ke are possible. In operation, a 
reset pulse is applied for one micro- 
second and an enable pulse for 30 
mircroseconds. At the termination of 
the enable pulse, the information is 
registered and displayed. The reset and 
set enable pulses may be ac-coupled to 
provide the required pulse width dis- 
crimination. Both the reset and enable 
input functions and the 10 nixie output 
functions are isolated by buffer circuits 
for maximum flexibility and minimum 
circuit loading. 
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Yoke Drive Amplifier 


A yoke drive amplifier delivering 1.3 
amps to a 1-millihenry, 1-ohm coil is 
available from Melcor Electronics Corp. 

The transistorized Model 1309 was 
designed to sum up to 35 inputs and 


sad 


to drive the deflection yoke of a CRT 
display. Features include a rise time of 
90 microseconds and inputs of +7.5v 
dc maximum from a 50 k ohm source. 
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Double Pulse Flashtube 


Edgerton, Germeshausen & Grier, 
Inc., has developed a flashtube double 
pulsing technique to assist laser users 
in obtaining more peak light output in 
the laser spectral region. 

The flashtube switching circuit pro- 
duces a double pulse 2.4 times the peak 
radiant energy obtained from previous 
pulse techniques, the company says. 
This is accomplished by driving a xenon 
flashtube with a low-voltage pre-ioniz- 
ing, long pulse and then super-imposing 
a short, high-voltage pulse triggered 40 
usecs later. The pre-ionizing long pulse 
consists of 64 joules and is 1.5 psec 
wide. 
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Bulk Film Resistors 


Two new bulk film resistors, fea- 
turing axial lead construction and ex- 
hibiting the superior characteristics of 
both thin film and wirewound units, 
have been developed and introduced 
by Vishay-EMC Technology, Inc. 

The resistors—C302 and S302— 
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Stimulating climate 
... for career growth, 


for 


family living. 


Scenic San Juan {slands cruise waters are only a one-day sail from Seattle 


Senior Engineering Openings at Boeing 


Boeing, the world leader in advanced swept- 
wing, multi-jet aircraft, is today pioneering evo- 
lutionary advances in both civilian and military 
aircraft fields. These programs have created out- 
standing openings for senior engineers in the 
following fields. A limited number of project 
design positions are also available. 


Structural Dynamics Duties involve analysis 
and experiments in aeroelastic fields of flutter 
and dynamic loads. Requirements are a B.S. or 
advanced degree in applied mechanics with 
significant aerodynamic and structures back- 
ground, plus 4 to 8 years of experience related 
to high-speed aircraft. Should be familiar with 
latest theories and techniques for analysis 
and test. 


Stability and Control Requires strong back- 
ground in airplane flight control system design 
and analysis, and stability and contro! charac- 
teristics, plus knowledge of computers, servo- 
mechanism design and development and testing 
of airplane configurations. Master’s degree or 
equivalent, plus 5 to 10 years of experience. 

Flight Control Systems Assignments involve 
establishing dynamic design criteria and specifi- 
cations for flight control systems, sub-systems 


and components; selection of most suitable con- 
trol system components, and guidance of control 
system procurement and flight test. Requires 
B.S., M.A. or M.S. in engineering, mathematics 
or physics with 5 to 10 years’ applicable 
experience. 

Metallurgy Assignments entail alloy selection 
and application; development and improvement 
of processes; preparation of specifications; lab- 
oratory experiments; technical consultation, and 
service failure analysis. Requirements, in addi- 
tion to 3 to 10 years’ experience in aircraft 
technology or a related field, include familiarity 
with the electron microprobe and microscope 
and standard metallurgical equipment. 

Mechanical Engineering Responsibilities in- 
volve development and improvement of proc- 
esses through laboratory experiments; prepar- 
ation of specifications; technical consultation 
with aircraft designers, vendors and sub- 
contractors, and service failure analysis. 
Requirement: 3 to 10 years’ experience. 

Chemical Engineering Openings require 5 to 
10 years of experience in lubrication materials 
and concepts; elastomeric, inorganic finish, and 
organic polymeric materials, and structural 


AIRPLANE DIVISION BLP MAS Le 


Other Divisions: Aero-Space ¢ Vertol «+ 


Turbine 


« Also, Boeing Scientific Research Laboratories 


adhesive bonding, plus a basic knowledge of 
materials behavior. Work involves evaluation, 
analysis and investigation of all materials char- 


acteristics, 


including mechanical, electrical, 


chemical and surface. 


your 


Salaries are competitively commensurate with 
education and experience background. 


Travel and moving allowances are paid to newly 
hired personnel. Boeing is an equal opportunity 
employer. 


Boeing’s Airplane Division is located near 


Seattle in the uncongested Pacific Northwest, 


Noted for year-round mild climate, 


famous 


recreational facilities, excellent schools and 
housing, and healthful outdoor Western living 
for the whole family. 


Mail coupon today. 


Mr. Thomas Sheppard, Airplane Division, The Boeing 
Company, P.O.B0x 707-ABW, Renton, Wash, 98055 
Name. 

Address. 


City. State 


Degree(s) 
Fields of Interest. 


Experience 


JET DELTA 


to key space centers 


DELTAf 
PAR AdA 


= The only Jets between California = No lower Southern Airways-to-Jet 
and Atlanta-Orlando/Cape Kennedy tourist fares between Huntsville and 


= 15 Jet flights every day between California than on Delta! 


Dallas and California = Deluxe and tourist on every flight 


Yow ll remember “how pleasant” long after youve forgotten“how fast.” 


Call Delta or see your Travel Agent 


> DELTA 


the air line with the BIG JETS 


prevents 


DAMAGE and EXPLOSIONS 


CAUSED BY STATIC ELECTRICITY 


100% static free poly film . .. ideal for packaging. CMI 
custom film 1701 is inherently electrically conductive . . 
not coated and does not contain a chemical additive . . 
can be heat sealed with conventional bag making equipment. 


IDEAL 
FOR PACKAGING! 


jet or gasoline engines ' 
explosives . . . flammable solvents .. . fuels. . . gases 


powdered materials . .. metals . . . foods 
electronic equipment* 
business machine covers* 


(*prevents dust accumulation caused 
by static electricity) 


WRITE OR CALL TODAY FOR TECHNICAL DATA 


) CUSTOM MATERIALS, 


\ | ALPHA INDUSTRIAL PARK « CHELMSFORD, MASSACHUSETTS 
PA 9-5020 
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¥ 


carry a power rating of 0.3 watts at 
125°C and standard tolerances from 
1% to 0.01%. Temperature coefficient 


of resistance runs = 5 ppm or less | 


from —55°C to plus 125°C, and less 
than plus or minus 1 ppm from 0-60°C. 


S302 measures 0.38% x 0.38” x 


0.12”. C302 measures 0.25” in dia. 
x 0.50” in length. The operating range 
of both units is from 30 ohms to 30K. 
Maximum voltage (dc) is 200 volts. 
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Miniature Transformer 


A miniature broadband transformer, 
0.13 cu. in. in volume, has been devel- 
oped by the Electronics Div. of Bulova 
Watch Co., Inc. for application as a 
balance mixer, balance modulator, ring 
modulator or for the output stages of 
linear exciters. 

It has a frequency response of 3 mc 
to 60 me, plus-or-minus 14 db; inser- 
tion loss maximum is % db. Power 
level is 0.3 watts ac. Primary impedance 
is 170 ohms center tapped; secondary 
is 50 ohms. Maximum allowable d-c 
current in primary is 250 ma. It is 
0.53 x 0.46 x 0.53 in. It is designated 
Model K-572. 
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C-Band Parametric Amplifier 


A low-noise parametric amplifier 
designed especially for range instrumen- 
tation radars and telemetry applications 
has been announced by Microwave 
Physics Corp. 


With the Model C-3, the bandwidth — 


between the 1-db points is nominally 
500 mc in the C-band region with the 
amplifier operating at 15-db gain. At 
12 db, gain bandwidth is approximately 
800 mc. The amplifier may be operat- 
ing with as much as 20 db gain with 
some reduction in bandwidth. Ripple 
over the entire pass band does not 
exceed +1 db. 
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Compact Laser Diode 


Maser Optics, Inc., has developed a 
laser device that is totally contained in 
a TO-18 transistor can. This new laser 
diode makes it possible for the first 
time for university and research labora- 
tories to acquire precision equipment at 
reasonable costs for the study of the 
coherent radiation from the gallium 
arsenide laser diode. 

The injection laser head can be op- 
erated at room temperature or at 77°K, 
through direct immersion in liquid nitro- 
gen. Other major operational features 
include: low threshold current density 
and extremely high reliability under a 
broad range of operating conditions. 

Circle No. 167 on Subscriber Service Card 


missiles and rockets, September 14, 1964 


MECHANICAL DESIGN 


Aircraft Manual Control Systems 
Mechanical Power Transmissions 
Aircraft Armament Installation 
Hydraulic System Analysis and Design 


STRUCTURAL DYNAMICS 
STRUCTURAL CRITERIA & LOADS 
STRUCTURAL DESIGN 
PROPULSION DESIGN 


| 


SYSTEMS TECHNOLOGY _ 
Thin Film 
Solid State Circuit Design 
Microelectronics Packaging Research 
Flight Controls = Antennas 
ECM Systems 
Advanced pecan narecanee Systems 


OPERATIONS RESEARCH 

™ Space and Military Systems: Analysis 

™ Cost and Economic Analysis | 

m Advanced Operations. Research Methods 
NUCLEAR 

= Radiation Effects = Shielding 

= Experimental Test & Analysis 


_ THIS IS THE F111, the nation’s new bi-service tactical fighter with 
_ a variable sweep wing and twin turbofan engines that contribute to 
- multi-mission capabilities. General Dynamics/Fort Worth is the prime 
contractor on this and many other projects involving space vehicles 
and systems. Capable, qualified engineers and scientists are needed 
in our search for solutions to the problems encountered in our many 
and varied programs. We urge you to investigate the expanding 
_ opportunity to exercise your skills and knowledge in one of these 
_ projects by writing to Mr. J. B. Ellis, Industrial Relations Administra- 
tor-Engineering, General Dynamics/Fort Worth, P. O. Box 748-M 
Fort Worth, Texas. Your confidence is respected, of course. An equal tp 
opportunity employer. hae eee 


GENERAL DYNAMICS | FORT WORTF- 
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Structures Designers: 


DO YOU KNOW THE 
ELASTIC MODULUS OF 
THORIUM DIOXIDE? | 


This and tbousands of other essential data are 
contained in REFRACTORY CERAMICS FOR 
AEROSPACE, a materials selection handbook 
Prepared by Battelle Memorial Institute under 
contract to tbe U.S. Air Force. Easy-to-consult 
cbarts and tables comprise 90% of this compre- 
bensive 440-page book. Also included is a 70-page 
supplement, bringing in latest available data 
through 1962. This handbook provides mechanical, 
tbermal, and pbysical properties of the following 
ceramics for selection and specification in antici- 
pated aerospace and other high-temperature ap- 
Plications: 


Borides Sulfides 

Carbides Aluminides (Intermetallic) 
Nitrides Beryllides (Intermetallic) 
Single Oxides Silicides (Intermetallic) 

Mixed Oxides Other Intermetallic Compounds 


This entire indispensable reference work—the re- 
sult of an extensive government research project 
—is ready for prompt shipment. Single copies of 
this plastic-ring bound edition are $10.00, price to 
members of the American Ceramic Society, $8.00. 
Add $1.00 for each copy to be mailed outside 
the U.S.A. 


Send orders, with check or money order, to: 
AMERICAN CERAMIC SOCIETY 
4055 North High Street 
Columbus, Ohio 43214 
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let us move with you! 


Six Weeks Is Required 
To Change Your Magazine Address 


A regulation of the Post Office requires that you 
pay extra postage if copies of 


MISSILES AND ROCKETS 


are forwarded to you at your new address. Copiee 
will not be forwarded free and we cannot replace 
lost copies. To insure delivery at your new ad- 
dress please notify us at least six weeks in ad- 
vance of your moving. Send us your old and new 
address, and, if possible, the address label 
from your last issue ... include your postal 
zone or zip number. Thank you. 


Write to: 


Missiles and Rockets 
Circulation Department 
1001 Vermont Ave., N.W. 
Washington, D.C, 20005 


——rn ames in the news 


7 . st, 
GATES MURPHY BERG 
Cmdr. John O. Phillips: Appointed ica. He is principal instruments engineer 


chief of the geodesy division of the Coast 
and Geodetic Survey. He will be in charge 
of all geodetic field survey parties, astro- 
nomic observatories and research on mis- 
siles and Earth satellites. 


Duane T. Dahinden: Joined Electro- 
Optical Systems, Inc., Pasadena, Calif., as 
senior engineer. He will be responsible for 
prototype manufacturing and application 
engineering in the company’s thermionics 
department, Energy Conversion Div. 


Howard P. Gates, Jr.: Became special 
assistant for electronics and avionics for 
Willis Hawkins, Assistant Secretary of the 
Army for Research and Development. He 
was formerly vice president of Teledyne, 
Inc. 


Howard Vollum: Awarded the West- 


| ern Electronics Manufacturers Assn. Medal 
| of Achievement for “notable achievements 
| in electronics, and distinguished service to 


country and community.” He is president 
of Tektronix, Inc., Beaverton, Ore. 


C. Gordon Murphy: Appointed vice 
president of program management, Data 
Systems Div. of Litton Industries, Bev- 
erly Hills, Calif. He will be responsible 
for program planning and direction in- 
volving such projects as the marine tacti- 
cal data system. 


John H. Newitt: Appointed to the tech- 
nical liaison staff of Manson Laboratories, 
Wilton, Conn. Manson is a division of Hal- 
licrafters Co. 


Kenneth R. Berg: Appointed manager 
of engineering at the Precision Metal Prod- 
ucts Div. of Fairchild Camera and Instru- 
ment Corp., El Cajon, Calif. He was for- 
merly with Northrop Corp. 


Frank Gift: Promoted to chief engineer, 
International Rectifier Corp., El Segundo, 
Calif. 


Francis S. Johnson: Appointed direc- 
tor of the Graduate Research Center of the 
Southwest’s Earth and Planetary Sciences 
Lab. He was formerly with Lockheed 
Missiles & Space Co. 


William A. Crawford: Elected presi- 
dent of the Instrument Society of Amer- 


with E. I. du Pont de Nemours & Co., 
Inc. 


John C. Emala: Named to new post of 
field sales supervisor of Thiokol Chemical 
Corp.’s Chemical Operations, Trenton, N.J. 


Richard Mascuch: Appointed president 
of Breeze-Illinois, Inc., of Wyoming, IIl., 
a div. of Breeze Corp., Inc., Union, N.J. 
He is also a director and vice president of 
the parent company. 


Charles S. LaFollette: Elected assistant 
treasurer of Corning Glass Works, Corn- 
ing, N.Y. Also elected was James L. Flynn 
to the position of assistant controller. 


Edward A. Sommer: Appointed vice 
president of engineering in the Lindberg | 
Steel Treating Co., Melrose Park, Ill. He 
will be responsible for production equip- 
ment design and development. 


Donald R. Alt: Formed the Don Alt | 
& Associates, public relations, in Hunt- 
ington, Long Island, N.Y. His new or- 
ganization will specialize in technical and 
financial public relations for companies in 
the Long Island area. 


C. H. Sutcliffe: Joined the General 
Instrument Corporation, Semiconductor 
Products Group, New York City, as as- 
sistant group vice president for opera- 
tions. He was formerly head of semicon- 
ductor operations for Philco Corp. 


R. P. Gentry: Appointed assistant to 
the president of Sperry Gyroscope Co., 
Great Neck, N.Y. He was formerly As- 
sistant Deputy Chief of Staff for Systems 
in the Air Force. | 


David Seltzer: Appointed executive vice 
president of Lundy Electronics & Sys- 
tems, Inc., Glen Head, N.Y. He will be 
responsible for financial management for 
Lundy and its subsidiaries. 


W. L. Emerson: Appointed general 
manager of applications engineering for 
Hexcel Products, Inc., Berkeley, Calif. He 
will supervise all regional applications en- 
gineers. 


James E. Callahan: Joined Kollmorgen 
Corp., Northampton, Mass., following his 
Tetirement from the Navy. He will be 
chief project manager. 
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—when and where— 


SEPTEMBER 


Fighth International Convention on Mili- 
tary Electronics, sponsored by the 
IEEE, Shoreham Hotel, Washington, 
D.C., Sept. 14-16. 


International Congress of Aviation & 
Space Medicine, Dublin, Ireland, Sept. 
14-18. 


German Rocket Society (Annual Meeting), 
Berlin, Sept. 14-18. 


Symposium on Mass Spectrometry, spon- 
sored hy the Group for the Advance- 
ment of Spectrographic Methods, Paris, 
Sept. 14-18. 


World Conference on Radio Meteorology, 
sponsored hy the American Meteoro- 
logical Society, National Bureau of 
Standards, Boulder, Colo., Sept. 14-18. 


Techniques of Value Engineering for De- 
fense and Space Contractors, sponsored 
by the National Defense Education 
Institute, Washington, D.C., Sept. 14- 
18. 


First International Cellular Plastics Con- 
ference, sponsored by the Cellular 
Plastics Div. of the Society of the 
Plastics Industry, Inc., Barbizon Plaza 
Hotel, New York City, Sept. 14-18. 
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Farnborough Revisited 


LONDON 


RITAIN’S WELL-KNOWN Farnborough Flying 

Display and Exhibition, sponsored by the Society 

of British Aerospace Contractors, is fondly regarded 

by the British themselves as the shop window for the 
British aerospace industry. 

Last week’s display was the 24th since 1932, when 
the first was held at Hendon with 34 aircraft on hand 
and products displayed on trestle tables in two tents. 
Ever since SBAC moved the exhibition to the Royal 
Aircraft Establishment at Farnborough in 1948, the 
display has been known throughout the world as the 
“Farnborough Show.” 

It is justly famous and remains one of the world’s 
outstanding aeronautical and astronautical events. 
This year was no exception. A record number of 
overseas guests attended. 

Partly responsible for increased turnout was the 
fact that for the first time since World War II, Farn- 
borough was not on an annual basis. The last show 
was held two years ago. 

For those interested in missile/space develop- 
ments, it appears even this pace may be too rapid. 
Farnborough was almost entirely devoid of new 
missile/space hardware. Missiles on display were 
those seen at previous Farnborough exhibitions one 
and two years ago. The British created more excite- 
ment and had more to unveil at the Paris Air Show 
two years ago than at their own show this year. 

This is not said in condescension but merely to 
emphasize what the British themselves only now are 
beginning to grasp: the pace of today’s missile/space 
effort in the United States and the Soviet Union is 
far, far beyond the capabilities of the United King- 
dom, France, Germany or indeed any consortium of 
these countries. 

Such missiles as Thunderbird, Vigilant, Fire- 
streak, Red Top, Blue Steel, Blue Streak, Seaslug 
and Seadart are old hat in this industry and have been 
for some time, even in their latest versions. 

There were, in fact, only three new missile devel- 
opments at the show and none of these in hardware 
form. Swingfire, described as a second-generation 
wire-guided antitank weapon under development for 
the British Army, is not new to readers of this maga- 
zine. It was present only in mockup form. 

Two other missiles were revealed in the week 
before the show. Both are in the planning stage and 
far from fruition. One is a joint air-to-ground tacti- 
cal weapon, similar to Bullpup, being developed in 
conjunction with the French. It is interesting to note 
that even British and French official spokesmen could 
not agree on the cost for this program. With the 
Labor Party already challenging the agreement, it 
must be said that its future is nebulous at best. 

Of the other new development, little has been 


said. This is ET 316, a new low-level antiaircraft 
guided missile system, probably with infrared guid- 
ance. Size of the contract to the British Aircraft 
Corporation was not announced. Although there is 
hope of sales to France and other countries, it does 
not appear that this can be considered a major 
program. 

Pickings on the space side were even leaner. 
There was the Blue Streak missile, touted as the first 
stage of the ELDO vehicle, and there was a half- 
scale model of the UK3 satellite to be launched with 
United States assistance. That was about it. Blue 
Streak does little but remind one that even the ex- 
tremely capable Rolls Royce organization was heav- 
ily dependent on North American Aviation in devel- 
opment of the RZ2 engines which power the Hawker 
Siddeley vehicle. These are based on Rocketdyne 
engines. Blue Streak is indicative of strength of the 
British space effort. Under development for years, it 
first was launched in June of this year. The vehicle 
in a generous comparison would be placed in the 
Thor class. 

Perhaps even more indicative of the space pace 
in the UK is the Black Knight research vehicle. This 
first was fired at Woomera in September, 1958—six 
years ago. In those six years, there have been just 17 
launches. 


HAT IT ADDS UP TO IS THIS: Farnborough, 
even after a two-year hiatus, has amply demon- 
strated that Britain simply cannot afford to maintain 
the pace in the missile/space field. Any realistic, 
knowledgeable member of British industry is quick 
to admit this. The situation is not limited to Britain. 
It is true of France, Germany, Italy and any nation 
of the world other than the United States and Russia. 
This is a hard pill for Britain and the others to 
swallow. Space is a prestige item. It is extremely dif- 
ficult to forego national pride and acknowledge that 
the desire for a substantial missile/space effort far 
outruns the capability and willingness—particularly 
the willingness—to put up the ante in cold, hard cash. 
It is difficult for the United States not to gloat 
about this in the international markets. As Shelley 
Berman said about Monopoly, there is nothing to 
match the sheer pleasure of clobbering a friend. 
But if the United States must be gracious, then 
Britain must be realistic. The stakes are too high. 
The sights must be lowered. The power and the glory 
have moved elsewhere and the score at Farnborough 
in the missile/space field is an unhappy zero. The 
shop window was empty. 


William J. Coughlin 
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!In 1785, Ferdinand Berthoud’s mechanical timekeeper 
was a boon to navigators. Although local apparent time 
and latitude could be reckoned without reference to a 
prime meridian of longitude, that in itself demanded 
such a fixed point of departure as the meridian of 
Greenwich. Accuracy was Berthoud’s goal then—ac- 
curacy is our goal today. 


AC Spark Plug avionic systems are offsprings of these 
early mechanisms ... advanced descendants of a long 
and illustrious line of bombing-navigational systems 
which traditionally have been produced to guide the 
air fleet of our Strategic Air Command. By combining 


the most recent developments of inertial guidance, 
digital computation and integrated circuits, AC avionic 
systems provide accurate, lightweight, reliable systems 
for manned aircraft. The pilot is thus provided all of the 


Berthoud's Chronometer (French—18th Century) Courtesy Mariners Museum, Newport News, Virginia, 


from Berthoud’s chronometer to supersonic navigation 


capabilities vital to all-weather operation: precision self- 
contained navigation, terrain avoidance, blind ordnance 
delivery, and integrated controls and displays. 


Perhaps AC’s capability in systems development, pro- 
duction and management can 

help you. Contact Director of 
Sales-Engineering, AC Spark 

Plug Division, General Motors 

Corporation, Milwaukee, Wis- 

consin 53201. 


MASTER NAVIGATORS THROUGH TIME AND SPACE 


GUIDANCE AND NAVIGATION FDR SPACECRAFT e 5 me | 
BALLISTIC MISSILES e AVIDNICS e SPACE , , 


BDDSTERS « DELIVERED ON TIME AT LOW COST 
WITH DUTSTANDING ACCURACY AND RELIABILITY 
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Apollo Re-entry 


From materials research to heat-shield fabrication— 

At Avco/RAD the job only begins with research. our scientists solved the problem of 
finding materials which could travel for weeks in the deep cold of outer space, then survive the tremendous 
heat and pressure generated by 25,000 mile-an-hour re-entry. But North American Aviation’s assignment 
to Avco/RAD didn't end with research. We.are also designing and manufacturing the unique Apollo Com- 
mand Module thermal protection system upon which will depend the lives of the first three Americans 
returning from the moon. Furthermore, this concept-to-hardware process is guided by a veteran program- 
management team meeting tight cost and schedule requirements. Having capabilities like this ‘under one 
roof'' is what we meant when we say: Avco/RAD is an integrated research and development organization. 


LIVE@/ RAD 


AVCO CORPORATION/RESEARCH AND ADVANCED DEVELOPMENT DIVISION/WILMINGTON, MASSACHUSETTS 
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SPECIAL COMPUTER SYSTEMS PROJECT: 


Ellin 


Dual CONTROL DATA® 3600 Computer system expands operational control for precise range safety at the Cape. 


Is it “Go”? The range-safety officer 
at ETR must have highly accurate 
impact-prediction data, supplied 
in simplest form, to answer this 
vital question. The Real Time 
Computer System (RTCS) recently 
supplied by CONTROL DATA, 
interprets flight information con- 
tinuously, and reveals where im- 
pact will occur if it becomes 
necessary to terminate powered 
flight. Lets him react in seconds 

. in half the time allotted as a 


safety factor. Recently, with only 
7 minutes advance notice, the sys- 
tem successfully received tracking 
data during the launch phase of 
the Ranger 7 moon probe... pro- 
viding real-time data analysis and 
output for range safety. CONTROL 
DATA serves the World, with hard- 
ware, software, support in depth 
— all oriented to the computer 
user and his methods. For details 
on how CONTROL DATA special 
systems can deliver complete per- 
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formance and reliability, contact 
your representative; or our Minne- 


apolis address direct. Dept. M-94. 


CONTROL DATA 


CORPORATION = 


8100 34th AVE. SO. MPLS., MINN. 55440 


Specialized computer systems from 
advanced technology, available today 


FAN BEAWN 
TRACKING SYSTEM 
Ca»moqae 


Constantly updating and improving its advanced tracking systems, Canoga has now created a new TELAR antenna array for 
the Canoga TELTRAC“telemetry tracking system. The result is TELTRAC II, a system which minimizes multipath at low 
elevation angles. The new fan beam array used in TELTRAC II has an elevation beam width of only 13 degrees at 260 mc. 
Lower frequencies have slightly wider beam widths. The difference pattern side lobes are 

below the peak of the sum channel pattern by 21 db. Overall tracking system perform- 

ance is substantially improved. TELTRAC I with its octagonal crossed dipole array, and 

now TELTRAC II with the Fan Beam antenna shown here, are being produced in the 200 

mc and 400 mc ranges and will be utilized for the follow-on MERCURY and GEMINI 

programs. These systems can be modified to meet other customer specified frequency 

ranges. 

Write for TELAR antenna and TELTRAC system details. 

(Career opportunities for engineers; Canoga is an equal opportunity employer.) 


Carmo GSpjed ELectronics coRPORATION - Comanche at Sunburst ° Chatsworth, California * 341-3010 
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CAREER OPPORTUNITIES AT DOUGLAS 


Two parts of hydrogen and one of oxygen leave a thirsty 
man high and dry. But give him a match to ignite the 
gases and a jar to catch and condense the steam, and he 
can drink the result. 

Likewise, capability in the individual sciences and 
skills involved in developing great aerospace and defense 
systems isn’t enough. The right combining agency 
is essential. 

That’s where Douglas comes in. It has the ability to 
make big programs jell. And its comprehensive approach 


to technological achievements make it an ideal place for 
young engineers and scientists to ‘grow in professional 
stature. At Douglas, you not only will have wide oppor- 
tunities in your own discipline, but have every chance 
to integrate it with others as you contribute to the 
development of advanced space, defense and electronic 
systems. 


If you would care to join ' 
us please send resume to 
Mr. E. P. Snodgrass at 


An equal opportunity employer / 2700 Ocean Park Blvd., Santa Monica, California 
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Only so many chances— 
Think ahead! 


Working with the Air Force to plan 
well ahead for the nation’s needs in 
missile and re-entry systems is the 
vital national-defense mission of 
Aerospace Corporation. Specifically: 


We plan: Considering weapon 
requirements, we relate the problem 
to all available technology, and 
identify the possibilities. In prepar- 
ing a recommended plan of action, 
we often utilize interdisciplinary 
teams. With minimum supervision, 
each team member must relate his 
specialty to the other disciplines. For 
example, the specialties encompassed 
in one group could include vehicle 


system design, weapons effects and 
operational analysis. 


We guide: After delineating the 
appropriate program, we help formu- 
late the means by which it can be 
implemented. From a position of 
objectivity, we may modify the pro- 
gram’s course of development to 
insure that all its requirements are 
satisfied. 


We probe: We explore in depth 
the consequences of technical discov- 
eries, using current experience as the 
key to the future. This aspect of our 
mission is made possible by the fact 
that team members have unusual 


access to the nation’s totality of tech- 
nological activity and information. 


We need: Engineers and scientists 
who welcome the demands and com- 
plexities of advanced thinking will 
find a stimulating environment at 
Aerospace Corporation. For infor- 
mation on current job opportunities, 
please write to Mr. R. E. Durant, 
Room 105, Box 249, San Bernar- 
dino, Calif. An equal-opportunity 
employer. 


You must get through this barbed-wire entan- 
glement by making no more than six cuts in 
the wire. Plan ahead! (From Mazes and Laby- 
rinths, a Book of Puzzles, by Walter Shepherd; 
Dover Publications, Inc., New York 14, N.Y.) 


AEROSPACE CORPORATION 


Organized in the public interest and dedicated to providing objective leadership in the advancement and application of 


space science and technology for the United States Government. 


——letters 


Back to the Drawing Board 


To the Editor: 


The following statement (slightly par- 
aphrased for obvious reasons) appeared in 
a technical progress report on a research 
contract from one of our leading aerospace 
firms: 

“We are now working on a third ap- 
proach to the problem which will eliminate 
the poor assumptions of the first approach 
and the high cost of the second.” 

I was immediately struck with the gen- 
eral applicability of this candid statement 
to our approach to many of the space proj- 
ects undertaken in this day and (space) 
age. It is offered simply as food for 
thought. 

Clifford D. Coulbert 
Tarzana, Calif. 


Dubious Subscriber 


To the Editor: 

Please do not renew my subscription. 
Your vociferous bumbeling (sic) convinces 
me that you are uninformed. The only 
space program of which I am informed is 
Ranger. J can only assume that you carry 
your misrepresentation of facts to other 
program, thereby making your entire pub- 
lication of dubious value. 

Robert A. Schiffer 
No. Hollywood, Calif. 


Guiding Light 


To the Editor: 


You have been a guiding light—not 
necessarily popular with Bobby McNamara 
but your straightforward views are surely 
appreciated by Industry. NASA/AF/Army 
/Industry has to have a clearing house of 
information without the cloak-and-dagger 
type systems. Our potential enemies get 
most of the information they want from 
the technical, general periodicals which we 
so generously provide. I have been at meet- 
ings where you spoke—and boy, you are 
good. Cancellation of so many defense pro- 
grams necessarily should make Govern- 
ment and Industry take stock of what is 
going on—after Elections, of course, or 
even before! It is time for McNamara to 
return to management of auto production. 

I am a longtime subscriber to M/R 
and member of AIAA. 


Robert Crowder 
Washington, D. C. 


Goldwater’s 90% 


To the Editor: 


Your editorial “The Calculated Truth” 
(M/R, Aug. 17) was excellent. 

True, present weapons were planned 
and funded by previous administrations. 
However, let’s examine this statement: 
“Sen. Barry Goldwater’s charge that U.S. 
deliverable nuclear capability may be cut 
by 90% under present Administration pol- 
icies is totally unsupported.” 


On page 12 of the same issue Sen. 
Goldwater’s actual statement on the 90% 
cut includes the words “in the next decade.” 
If the manned bombers are phased out by 
1974, with no LASV or comparable devel- 
opment (page 8 of the same M/R issue), 
the tonnage deliverable could very well be 
reduced. But careful reading of Gold- 
water’s statements shows that he is not 
referring to a 90% cut from present levels 
but from levels that could and should be 
available by 1974. As such his 90% cut 
figure is entirely reasonable. 

Failure to pursue the practical Project 
Orion, with its 1,000-ton payloads, could 
alone account for 90%. Project Orion was 
dropped by the Administration largely be- 
cause its own nuclear test ban treaty (which 
Russia will ignore when to their advant- 
age) prevents development. This, in spite 
of the fact that 10,000 Orion missiles, with 
their 1,000-ton payloads, could blast off 
from Earth using atomic propulsion with- 
out equaling the radioactive atmospheric 
poisoning added by Russia megaton bomb 
testing in a single recent year. The simple 
Orion missiles could have been in produc- 
tion by now, putting us on the Moon in 
force, as well as maintaining the peace. 

We can think of several other projects 
that have been dropped. 

When viewed in full perspective, Sen. 
Goldwater’s contentions make sense, as 
they always do when he disagrees with the 
civilian, news-managing bosses of the Pen- 
tagon. 

T. M. Morse 
Santa Maria, Calif. 


New Mexico Symposium 


To the Editor: 


This letter’s purpose is to provide ad- 
ditional information concerning the Sym- 
posium, “Aerospace Frontiers in New 
Mexico,” to be held Oct. 15-17 at the 
University of New Mexico under the spon- 
sorship of the University and the New Mex- 
ico section of ASME, in conjunction with 
the University’s 75th birthday. 

Some of the areas covered in the sym- 
posium will be research at New Mexico 
universities related to aerospace, Air Force 
programs at Kirtland AFB and Holloman 
AFB, Army rocket programs at White 
Sands Missile Range and programs related 
to aerospace at Sandia Corp., ACF Indus- 
tries and Los Alamos Scientific Labora- 
tories. 

Some of the key speakers will be Dr. 
T. L. Popejoy, president of the University 
of New Mexico; Col. Sorte of the Air Force 
Weapons Laboratory at Kirtland; Dr. John 
Hornbeck, president of Bellcomm, Inc.; and 
Dr. William W. Carter, Chief Scientist, 
U. S. Army Missile Command, Redstone 
Arsenal. 

The Symposium contact for registration 
and reservations is R. J. Hart, 2136 Martha 
NE, Albuquerque, N. M. Phone 299-0669, 
Area Code 505. 

John D. Bert 
Publicity, Symposium 
Committee 
Albuquerque, N. M. 
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Think ahead in 
your career 


Plan your future with Aerospace Cor- 
poration, where your technological 
competence will be challenged by prob- 
lems vital to America’s defense. 


Career Opportunities 


INFORMATION SYSTEMS 
SPECIALIST 


Determine means to obtain target- 
status information before and after 
strike, and introduce into command 
and control network to enhance effec- 
tiveness of systems. 


WEAPONS SYSTEM ANALYST 


Determine the requirements, establish 
the means for satisfying the require- 
ments, and measure the effectiveness of 
those means. 


PROJECT ENGINEERS 


Prepare requirements for, and conduct 
system and subsystems planning studies 
with the aid of industry for the Air 
Force. 


TO APPLY 


Engineers and scientists who have 
advanced degrees and five or more 
years of applicable experience will find 
an atmosphere of challenge at Aero- 
space Corporation. For information on 
current opportunities, write Mr. R. E. 
Durant, Room 105, Box 249, San Bern- 
ardino, Calif. An equal-opportunity 
employer. 


That window of knowledge in the ocean is getting bigger all the time. 
At Vitro, teams of scientists are involved in oceanography, both under 
Navy contract and in-house R&D. They are performing basic studies 
into the science of the sea, designing instruments for deep submergence, 
and analyzing and cataloging oceanographic data. It was a background 
in acoustics, instrumentation and operations research that helped 
qualify Vitro for the Navy ASWEPS program. 


Among many specific Vitro accomplishments are: operations analyses 
applied to ocean environment ... datum buoys for airborne ASW... 
velocimeters ... wire coils and miniature coax for weapons guidance, 
underwater communications and telemetry . .. underwater vehicles... 
and underwater range operations. 


Despite complexity of the problems, real progress is being made in the 
study of this environment. For more information on Vitro capabilities 
in oceanography, contact Owen E. Cunningham, Vitro Laboratories, 
14000 Georgia Avenue, Silver Spring, Maryland, (301) 942-7200. 


VITRO CORPORATION OF AMERICA «+ 90 PARK AVENUE « NEW YORK, N.Y. 10016 "MTD 
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“The Countdown 


WASHINGTON 
First DOD Comsat Due for Early ’66 Launch 


The first military communications satellite is expected 
to be launched into a near-synchronous orbit by a Titan-III-C 
early in calendar year 1966, according to present plans. Tom 
Rogers, assistant director for communications electronics in 
DDR&E, told the International Convention of Military Elec- 
tronics (MIL-E-CON) in Washington last week that the 
Pentagon had concluded that a medium-altitude, random 
orbit system was best for its purposes. Three Titan III-C’s 
are to be used, each putting six to eight satellites in near- 
equatorial 19,000-n. mi. orbits. If the ZZJ-C is not yet avail- 


able, plans will be changed to allow a switch to an Aflas- - 


Agena booster. 


MILA Support Choice Still Weeks Away 


It will be at least two more weeks before the Kennedy 
Space Center makes its selection of a firm to perform launch 
support services at NASA’s Merritt Island Launch Area. Six 
firms—Aerojet-General, Westinghouse, Bendix, General Dy- 
namics/ Astronautics, American Machine & Foundry and 
Chrysler—are competing for the award. 


Apollo Chute Trouble Lingers 


NASA is still experiencing trouble with the parachute 
recovery system for Apollo. One proposed solution—placing 
a 10-ft. parachute inside the main 84-ft. chute in an effort 
to get greater distribution of the pull of impact—failed to 
prevent the breaking of the risers. A full-scale test has been 
put off indefinitely pending further study of the problem. 


MSFC Lab Bids Sought Next Month 


Marshall Space Flight Center has asked 116 firms to 
submit bids on an engineering and technical support contract 
for its Research Projects Laboratory. Bids are due Oct. 30. 
A pre-proposal conference is scheduled in Huntsville, Ala., 
on Sept. 22. 


New Ground Speed Mark Set at Holloman 


AF Missile Development Center reports that a seven-foot 
monorail sled reached 4,200 mph—fastest speed ever attained 
on the ground—during a captive test at Holloman AFB. 
Purpose of the run was to explore problem areas for future 
projects requiring hypersonic test sleds. 


AEC Tightens Contract Appeal Handling 


Atomic Energy Commission has established a Board of 
Contract Appeals, effective Oct. 10. Other rules changes in- 
clude mandatory conferences with the Board by firms ap- 
pealing contract decisions and elimination of any further 
appeals to the AEC. 


JCS Conducting Communications Drill 


High Heels IlJ—a global communications exercise—is 
being carried out by the Joint Chiefs of Staff. Purpose is to 
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ensure responsiveness of worldwide communications sys- 
tems and reporting procedures under conditions of enemy 
attack. Essentially a command post exercise, High Heels III 
involves commands of all the armed forces and JCS. It will 
be concluded later this month. 


U.S. Batting .850 in Orbits 


In the past three years, the U.S. has been successful in 
85% of its attempts to orbit payloads. Some 80% of the 
launches were made by the military and the rest by NASA. 
Another new statistic released by Dr. Edward C. Welsh, act- 
ing chairman of the National Aeronautics and Space Coun- 
cil, is that since January, 1963, the U.S. has placed more 
payloads in orbit than the Soviet Union has since Sputnik I 
in 1957. 


INDUSTRY 
Douglas Gets MORL Power Study 


Douglas Aircraft Co. has been selected for an investiga- 
tion and preliminary design of an integrated isotope power 
supply for a Manned Orbiting Research Laboratory. Con- 
tract was awarded by the Langley Research Center. NASA 
headquarters also is negotiating with Space-General Corp. 
for a study of unmanned applications for SNAP power units. 


Edwards AFB Probing Air Augmentation 


Air Force Flight Test Center at Edwards AFB is negotiat- 
ing with the Denver Div. of Martin Co. for continuation of 
work on air augmentation systems. Contract calls for co- 
ordination and monitoring of programs looking into such 
augmentation of boosters—a system which could cut down 
the size of existing boosters substantially. 


Army Awards Thiokol MAW Contract 


Army Missile Command has awarded a contract to Thio- 
kol Chemical Corp. for engineering services—drafting and 
engineering design of components—for a directionally con- 
trolled Medium Antitank Weapon exploratory development 
program. This is the AMC entry into the MAW competition. 
Thiokol was the supplier to Douglas of 40 motors for the 
Arbalest project—a high-energy, hypervelocity propellant 
test program. Award is further confirmation of M/R’s report 
that this was the route chosen by AMC for the MAW re- 
quirement. 


INTERNATIONAL 


Dutch Are First Sea Dart Customers 


Britain’s Sea Dart ship-to-air missile is now being pur- 
chased by the Netherlands for installation aboard specially 
designed Dutch frigates. The Dutch thus become the first 
foreign customer for the Hawker Siddeley Dynamics CF. 299, 
a medium-range missile being developed to NATO specifica- 
tions by the Royal Navy. Holland Signal Aparaat of Hengelo 
will join a number of British subcontractors in providing 
electronics equipment. 
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What single complex 
converts energy 
in SO many ways’... 


Engine starters and power gen- Starter generators for gas Industrial process drives for precise control of Drives for rapid transit and heavy road vehi- 


erators for tanks and ground turbines, and auxiliary machine operation without gearing over a very cles with stepless control of acceleration 
support equipment. power units. wide speed range. and deceleration. 


Servo actuators to operate Antenna drives for air, Variable-speed constant-frequency Static frequency changers Electrical retarders provide a sepa-| 
directional controls of ground or ship-borne conversion units for hydrofoils. convert electrical power from rate braking system for very heav 


space vehicles, missiles, installations. one frequency to another for vehicles on long downgrades. 
aircraft and torpedoes. ships and submarines. 
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Brushless DC motors for torpedo Generating systems for Pumps and couplings to handle all types Generating systems to oper- Integrated cooling/ 
propulsion and space environ- commercial and execu- of liquids and gases for aerospace fluid ate at high speeds in high hydraulic packages 


| 
| 


mental control. tive aircraft. systems temperatures and in extreme for electronic equip- 
environments. ment in aerospace 
vehicles. 
We do. e e but what we have shown reflects only our 
present capabilities. Our real orientation is towards the future 
... we are helping to create new concepts of power generation and 
conversion to help fellow man operate more efficiently on earth 
as well as in space. That's why they call us... 
® 
LEAR SIEGLER, INC. 
POWER EQUIPMENT DIVISIO 
Fuel and fluid handling systems are P.O. Box 6719, Cleveland, Ohio 44101 
designed by our Romec Facility in Elyria, Ohio Phone: 216-662-1000 
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Defense RDT&E Shows Drop 


For the first time since the cate- 
gory was begun in 1956, Defense 
Dept. experimental, developmental, 
test and research work declined from 
$5.687 million in FY ’63 to $5.145 
million in FY ’64. Most of this de- 
cline was accounted for by a drop-off 
in missile expenditures, DOD said in 
a report on Defense Procurement 
from Small and Other Business 
Firms. 

Missiles also accounted for the 
major drop in procurement dollars 
in FY 1964. Net defense procurement 
declined $873 million in FY 1964, 
but missiles took a sharper drop 
of $1.11 billion and other military 
hard goods were off $267 million. A 
$507-million gain in services, soft 
goods and civil functions offset some 
of these losses. 

Small business, the report said, 
obtained $4.842 million in prime con- 
tract awards during FY 1964 for 
military and civil functions com- 
bined. 


Navy Solicits Condor Proposals 


Proposals for the project defini- 
tion phase of the Condor air-to-sur- 
face missile will be solicited from 
nine firms, the Bureau of Weapons 
announced. There was no indication 
how many contracts would be let on 
the much-delayed program. 

Firms being solicited are: Mar- 
tin-Orlando, Douglas Aircraft, Mc- 
Donnell Aircraft, Hughes Aircraft, 
North American Aviation’s Colum- 
bus Div., Northrop Corp., Raytheon 
Co., Grumman Aircraft Engineering 
Corp. and Bendix Corp. 

Condor is reported to be a 40-mi.- 
range missile destined for use on the 
F-111 B and A-6A aircraft. 


120-in. Solid Set for Firing 


A 100-ton solid-grain motor, 120 
in. in diameter and 30 ft. long, was 
scheduled for firing Sept. 21 at Aero- 
jet-General Corp.’s Dade Div. south 
of Miami, Fla. 

The motor is expected to produce 
600,000 lbs. thrust in the special 
cast/cure and test pit. Data from 
the firing will be used in preparing 
the 260-in.-dia., 80-ft.-long, 3-million- 
Ib. motor, test firing of which will 
climax the Air Force’s Large Solid 
Rocket Demonstration program at 
Aerojet next spring. 

A 12-man test team from the 
firm’s Sacramento facility has been 


preparing the 120-in. test motor. 
This group will remain at Dade for 
two subsequent tests of the 260-in. 
ignition motor. The igniter motor for 
the larger booster generates 280,000 
Ibs. thrust while shooting flame a 
distance of 80 ft. 

In the nose-down 260-in. static 
firing, the igniter motor will fiy out 
of the larger unit’s nozzle in a con- 
trolled are with a final impact point 
in the Florida swamps. Huge cables 
will hold the igniter motor during 
its captive escape. 


SECOR Amends U.S. Maps 


First operational test results 
from the Army’s SECOR interna- 
tional geodetic satellite surveying 
system show deviations from the gen- 
erally accepted locations of various 
points in the United States. 

Preliminary data from the sys- 
tem, developed by the Army and the 
Cubie Corp. of San Diego, Calif., 
were reported by Brig. Gen. Thomas 
J. Hayes at the Tenth Congress of 
the International Society of Photo- 
grammetry in Lisbon, Portugal, re- 
cently. 

SECOR uses a satellite some 600 
mi. in space to plot locations with 
unprecedented accuracy. 

Hayes said the U.S. testing phase 
has disclosed ‘“‘interesting new infor- 
mation.” For instance, he said, ‘‘we 
discovered that the accepted geodetic 
survey information for Ft. Carson, 
Colo., differed from our computations 
by 2 ft. 3 in. in latitude, 23 ft. 3 in. in 
longitude, and 18 ft. 3 in. in eleva- 
tion.” 


Kiwi B4E Restarted 


A major step in the development 
of nuclear rockets was taken on Sept. 
10 when the Kiwi B4E reactor was 
restarted successfully. 

The reactor was first operated 
successfully on Aug. 28 when it ran 
for eight minutes. During the re- 
start operation, it ran at full power 
for more than two minutes. 


OGO ‘Two-Thirds’ Successful 


NASA’s Orbiting Geophysical 
Observatory (OGO-I) has been de- 
clared two-thirds successful by space 
agency officials and is sending back 
50 to 75% of the hoped-for data. 

At a briefing last week in Wash- 
ington, officials from Goddard Space 
Flight Center said that in terms of 
bits per second, the 1,073-lb. OGO is 
transmitting as much information as 
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10 to 20 Interplanetary Monitoring 
Platform’s. All 20 experiments have 
been turned on, but four are not 
transmitting meaningful data. 
OGO-C, the next satellite in the 
series, is scheduled to be launched 
into a polar orbit early next year. 


K Claims Super Weapon 


A ‘monstrous new terrible 
weapon,” was discussed by Soviet 
Premier, Nikita S. Khrushchev, when 
he met last week with a delegation of 
Japanese legislators. The device “is 
a means of the destruction and exter- 
mination of humanity,” the Soviet 
leader said. 

Khrushchev appeared to be try- 
ing to scare the Communist Chinese, 
rather than the U.S., with the an- 
nouncement. He coupled the state- 
ment on the weapon with a denuncia- 
tion of red Chinese leaders and the 
assertion that “our boundaries are 
sacred and inviolable and any at- 
tempt to change them by force means 
war.” 

U.S. officials disclaimed any 
knowledge of a new Soviet weapons 
development and felt that it was 
more a propaganda device than a 
real “doomsday machine.” 


LBJ Visits Cape 


President Lyndon B. Johnson 
paid a short visit to the Kennedy 
Space Center Sept. 15 during which 
he declared that the U.S. would never 
be second to any nation in space. 

He arrived on Sept. 15 and spent 
about one hour and 50 minutes being 
briefed on the Mariner, Gemini and 
Apollo programs. 


GT-3 Officially Slipped 


Any possibility of a manned 
Gemini launch in 1964 has been elim- 
inated by weather complications, 
NASA announced last week. 

Lightning damage to the Gemini- 
Titan launch vehicle and safety pre- 
cautions taken during Hurricanes 
Cleo and Dora pushed the unmanned 
GT-2 flight from the third to the 
fourth quarter of this year. The 
manned GT-3 shot has been sched- 
uled for the first quarter of 1965. 


Shots of the Week 


The Air Force on Sept. 14 
launched a secret satellite toward 
polar orbit aboard a Thor-Agena 
booster. The Discoverer-type shot 
was from Vandenberg AFB, Calif. 
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Another fuel cell application/success report from Allis-Chalmers: —, 
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World's first fuel-cell operated submarine! 


July, 1964, Groton, Conn.: Star | — a one-man test 
and research submarine — was successfully oper- 
ated both submerged and on the surface. An 
Allis-Chalmers 36-volt fuel cell produced 750 watts 
to power the vessel’s electric drive motors, com- 
munications, navigation, life support and lighting 
equipment. 


Star | — owned and operated by General Dynam- 
ics/Electric Boat Division — was powered by an 
Allis-Chalmers fuel cell system. It is a nine-foot-long, 
teardrop shaped 2,500 Ib. submarine. A-C and 
Electric Boat Research engineers teamed up to suc- 
cessfully adapt fuel cell power to the submarine. 
Purpose: to extend the vessel’s capabilities beyond 
those of conventional storage battery power. 

In effect what the fuel cell has demonstrated was 


to double the Star I’s endurance time. Previously 
batteries lasted up to 4 hours and required 8 hours 
to recharge. In the fuel cell, endurance is measured 
by the quantity of fuel and oxidant aboard and only 
five to ten minutes are sufficient to change to a 
fresh supply of hydrazine (the fuel) and oxygen 
(the oxidizer). 

And this new Allis-Chalmers fuel cell application 
follows on the heels of A-C’s 14 Ib. hydrogen-oxygen 
fuel cell developed for the Air Force. This cell quali- 
fied for orbiting. It’s scheduled to produce electrical 
power for systems aboard aerospace vehicles. 

May we discuss your aerospace or defense fuel 
cell application? TELEPHONE AREA CODE 414.774- 
3600, EXT. 491, ALLIS-CHALMERS, Box 512, 
Milwaukee, Wis. 53201. A-1939 


ALLIS-CHALMERS 


The compact Allis- 
Chalmers fuel cell is 
ready for lowering into 
the non-pressurized 
glass fiber fairing 
behind the STAR I's 
four-foot spherical 
pressure hull. 


In July, 1964, the 
9-foot long STAR I, 
powered by A-C fuel 
cells, operated suc- 
cessfully both sub- 
merged and on the 
surface. 


Quick summary: 
ALLIS-GHALMERS FUEL CELL 
FIRSTS 


FIRST 
. . in a land vehicle, a 15-kw 
tractor 


. . . to successfully pass zero 
gravity tests, Wright Patterson 


... ‘qualified for space”’ fuel cells 
for the Air Force....March, 1964 


FIRST 
. .. tO power an underwater 
vehicle July, 1964 


FUEL-CELL design for Aerospace and Hydro- 
Space applications is but one of the opportuni- 
ties open today for qualified scientists and 
engineers at Allis-Chalmers. For information 
concerning employment write to: Manager of 
Professional Placement, Allis-Chalmers, Mil- 
waukee, Wisconsin 53201. 
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What will John Burr do today? 


1. Save his firm a million dollars? 


2. Work on a book about tracer applications in organic chemistry? 


3. Grab a jet and address a conference in Kyoto? 


4. Consult with engineers on radiolysis of cyclohexane in the 
presence of benzene? 


5. Advise the firm’s Geneva representative by phone? 


6. Study a paper on ultrasonic attenuation by chemical reaction? 


7. Discuss an esoteric molecular structure? 


8. Lecture on structural chemistry in a university classroom? 


9. Explore the interaction of ionizing radiation with organic materials? 


10. Or just gaze out the window and think? 


It’s difficult to say what John will 
do today. His career permits excep- 
tional latitude. 

John G. Burr—BS, MS, Ph.D—is 
typical of more than half-a-hundred 
scientists actively engaged in funda- 
mental research at the North Ameri- 
can Aviation Science Center. Here, 
inquisitive men like John conduct 
theoretical and experimental work at 
the forefront of their chosen scientific 
disciplines. North American provides 


them with an environment designed 
to stimulate their natural scientific 
creativity. 

With this freedom these men 
explore the scientific nuances which 
may ultimately benefit all of man- 
kind. Some study the structure of 
blood, using exotic new tools of phy- 
sics such as the M6ssbauer Effect; 
others map the symmetrical con- 
tours of Fermi surfaces of metals to 
study their physical properties. Some 


ponder the extraction of economical 
electrical energy from the inferno of 
the atomic reactor; others assist in the 
science underlying microminiaturiza- 
tion in solid state electronic systems. 

And while fundamental research 
expands scientific horizons, it acceler- 
ates America’s economic growth 
through new jobs, new products, new 
industries. Creating the groundwork 
for progress like this demands unusual 
corporate foresight. 


Jn 
North American Aviation 2 


Atwork in the fields of the future through these divisions: Atomics International, Autonetics, Columbus, Los Angeles, Rocketdyne, Science Center, Space & Information Systems 


Replacing Bissell . . . 


Ruina Taking Top Post at IDA 


ANOTHER ATTEMPT is to be 
made to smooth the working relation- 
ships between the Dept. of Defense and 
its high-powered, non-profit study 
group, the Institute for Defense Anal- 
yses (IDA). 

Dr. J. P. Ruina—former head of the 
Advanced Research Projects Agency— 
will replace Richard M. Bissell as Presi- 
dent of IDA early in October, MIssILEs 
AND ROCKETS has learned. Ruina’s se- 
lection as president of the institute will 
be verified at a meeting of the Board 
of Directors Oct. 22. 

Ruina has already relinquished his 
post in the physics department at the 
Massachusetts Institute of Technology 
and is in Washington preparing to as- 
sume the $45,000-a-year job as IDA 
president. Bissell was out of town last 
week and could not be reached for com- 
ment. 

The move is seen as an effort to 
bring into closer harmony the Weapons 
System Evaluation Division of IDA and 


the Weapons Systems Evaluation Group. 


of DOD. In the past, there has been 
considerable friction over the delinea- 
tion of responsibility for WSEG reports. 

The two groups, conducting opera- 
tions research studies and system 
analyses for both the Joint Chiefs of Staff 
and the Director of Defense Research 


by James Trainor 


and engineering, 
are so closely 
meshed in their 
day-to-day opera- 
tions that it often 
is impossible to dis- 
tinguish military in- 
puts from civilian. 
Yet IDA must pro- 
duce a product to 
justify its existence 
to Congress—and e 
the military feel rel ee SU 
that they, too, must be responsible for, 
and given credit for their inputs. 

Ruina’s appointment is expected to 
alleviate some of the friction between 
the two groups. As director of ARPA 
from January, 1961, to August 31, 1963, 
Ruina became a close friend and ad- 
visor to Dr. Harold Brown, who, as 
head of DDR&E, administers the IDA 
contract. Brown, in fact, consulted Dr. 
Ruina even after the latter had left the 
Department, according to Defense offi- 
cials. 

An electrical engineer, Ruina served 
as Deputy for Research to the Assistant 
Secretary of the Air Force (Research 
and Development) from February, 
1959, to May, 1960, and subsequently 
as Assistant Director of Defense Re- 
search and Engineering (Air Defense) 


until his appointment as head of ARPA 
in 1961. 

Born in Poland in 1923, Ruina came 
to the U.S. in 1927. He received a B.S. 
degree from College of the City of New 
York in 1944, a master’s degree and 
doctorate from the Polytechnic Institute 
of Brooklyn. His technical specialties 
have included work in the fields of noise 
and communications theory, radar sys- 
tems design, backscatter and antennas 
and propagation. 

Richard Bissell—trained as an econ- 
omist at Yale—became president of 
IDA on July 10, 1962. Prior to that he 
had been a deputy director of the Cen- 
tral Intelligence Agency. His involve- 
ment in the abortive Bay of Pigs in- 
vasion of Cuba in 1962 led to his leav- 
ing the CIA. 

@ IDA organization—In addition to 
the WSED division, IDA has a Research 
& Engineering Support Div., an Eco- 
nomic & Political Studies group, a Com- 
munications Div. and the Jason Div. 
The R&E Support group conducts 
studies for the Director of DDR&E 
and consists of “elder scientific states- 
men.” These groups also conduct opera- 
tions research and systems analysis for 
other components of DOD and, to a 
lesser extent, other Federal govern- 
ment agencies. a 


Weapons-Effects Study Weak Link in Treaty Safeguards 


UNDERGROUND (testing to 
gain information on effects on nu- 
clear weapons remains the only “soft 
spot” in the U.S. program of safe- 
guards under the nuclear test ban 
treaty. 

Sen. John Stennis (D-Miss.) told 
the Senate that the Preparedness In- 
vestigating Subcommittee has found 
that the area of testing to see what 
large nuclear explosions will do to 
U.S. weapons has not been pursued 
as vigorously as has the area of un- 
derground testing directed to the de- 
velopment of nuclear weapons. 

The Preparedness Subcommittee 


last year reported to the Senate that 
the greatest disadvantage to the de- 
fense effort resulting from the treaty 
would be the impairment of the U.S. 
testing for weapons effects. This con- 
clusion was drawn after testimony 
from top defense officials and scien- 
tists (M/R Sept. 16, 1963, p. 16). 

Stennis disclosed that there have 
been some tests which involved 
weapons-effects experiments, but that 
this phase of the safeguards has been 
most difficult and the slowest in get- 
ting started. 

Sen. Strom Thurmond (R-S. C.) 
said the Dept. of Defense has not 
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completed the personnel reorganiza- 
tion and staffing which it expects will 
expedite  weapons-effects testing. 
Stennis added that some progress has 
been made and “it is believed that the 
effort will continue.” 

“By and large, although a few 
soft spots are evident, the safeguards 
implementation program carried out 
in Fiscal Year 1964 and planned for 
Fiscal Year 1965 appears to be ex- 
tensive, vigorous and _ effective,” 
Stennis said. 

Nevertheless, GOP presidential 
nominee Barry Goldwater is expected 
to make the matter a campaign issue. 


At IAF Congress... 


Use of Drugs and Servos 
Urged to Aid Astronauts 


Soviets discuss lunar bases for first time in public; 
organization elects JPL’s Pickering as new president 


Warsaw—Although man is the most 
fragile component in any system de- 
signed to explore the Moon and planets, 
scientists are suggesting improving his 
durability by drugs and his strength by 
servo linkages. 

No one is arguing, however, that 
there is any competition between man 
and machine. Machines can take over 
as much of the exploration work as 
man’s cleverness will allow them to do, 
with man at all times acting as monitor 
of the system and interpreter of data. 

These were among the major con- 
clusions reached at the Fifteenth Con- 
gress of the International Astronautical 
Federation, held here earlier this month. 

Before the Congress adjourned, it 
elected Dr. William H. Pickering, di- 
rector of Jet Propulsion Laboratory, its 
new president and agreed to hold its 
1965 meeting in Athens. 

Adrenalin and cardiac glicozides are 
said to be among the drugs effective in 
increasing a human’s resistance to high-g 
loadings. A Soviet scientist reading a 
paper by the well-known physiologist 
V. V. Parin, medical consultant to the 
Russian cosmonauts, described experi- 
ments in which these drugs were used 
on human subjects under nine-g load- 
ings. 

The author said that measurements 
of their physiological responses showed 
a heightened capacity to withstand rela- 
tively high accelerations. 

® Extra muscles—A start has been 
made in giving man within himself the 
strength of a multi-horsepower machine, 
but at the same time retaining in man his 
flexibility and right to change his mind. 
These abilities probably would be 
needed most if astronauts have to make 
some manual adjustments while under 
heavy loads of high accelerations. 

In this regard, W. H. Helvey, bio- 
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by William Beller 


astronautics chief at Lockheed Missiles 
& Space Co., described a myoelectric 
servo boost system which at its present 
stage can provide power assist to a sub- 
ject’s arm. The power comes from a 
motor and the strength from a flexible 
mechanical frame in which the subject's 
arm lies. The signals emanate from the 
straining of the arm muscles. The myo- 
electric servo boost so far provides 
power assist only for arm motion in one 
plane. 

Although the goal is complex mo- 
tions in three planes, a Spacelabs, Inc., 
motion picture illustrating the compa- 
ny’s development and shown by Helvey 
had subjects outfitted with the system 
performing actions such as lifting, track- 
ing, maneuvering and displacing. 

The need to improve man and par- 
ticularly to put him in the job that suits 
him best was asserted by Dr. Charles S. 
Draper, head of MIT’s Instrumentation 
Lab. Classing the problem as one 
“amenable to solution by conventional 
engineering criteria,” he took the ex- 
ample of the part man plays in guidance 
and control tasks. 

Man’s role here can be evaluated 
“considering such factors as size, weight, 
power, bandwidth, versatility, reliabil- 
ity and cost in relation to the mission 
requirements. . . .” 

To perform such an _ engineering 
analysis, “the realistic aspect of the un- 
derlying engineering characteristics of 
the man as well as the unmanned com- 
ponent must be evaluated,” said Draper. 

® Apollo guidance praised—Earlier, 
Draper told MiIssILEs AND ROCKETS 
that the guidance system for Apollo is 
a general unit that with only a few 
minor changes in the computer would 
be able to lead astronauts “even to the 
stars.” 

Unlike missile guidance systems, into 


which the country has poured money as 
into a “rathole,” the Apollo system “‘is 
self-contained and complete,” Draper 
said. 

With respect to space systems, 
Draper concluded in his paper to the 
Congress that the optimum system for 
extended operations “should be basically 
automatic and able to perform without 
help from remote equipment.” He said 
it should also have provisions for on- 
board monitoring and optional opera- 
tion by human pilots. Furthermore, for 
purposes of information exchange, “the 
system should include provisions for the 
roles to be played by man and for radio 
and radar links with ground-based in- 
stallations.” 

® LIL interest—The question of ma- 
chines also came up for discussion dur- 
ing a symposium on the Lunar Interna- 
tional Laboratory (LIL). 

The best answer was said to be one 
leading to getting the most data from 
the Moon at the least cost in men and 
money. 

The concept of LIL, first expressed 
at an IAF meeting two years ago, is to 
get the cooperation of all nations in 
setting up a laboratory on the Moon. 
The mechanisms for doing this and its 
financing were studiously avoided by 
the participants in the L/L symposium 
in the recent IAF conference. They 
maintained that they were speaking not 
as representatives of any organization, 
but simply as private scientists, educa- 
tors, engineers and attorneys. 

Nevertheless, it was pointed out that 
in such a way other international enter- 
prises of value have been started. Named 
were the C.E.R.N. International Com- 
puting Center in Geneva, ELDO, ESRO 
and the IGY. With respect to L/L, the 
participants agreed such a laboratory 
could be set up and operating in the 
decade starting in 1975. 

The bases needed by men living on 
the Moon were described by a Soviet 
architect. This marked, according to 
several participants, the first time a 
Soviet representative had discussed such 
an enterprise in an open conference. 

The Soviet architect stressed the 
need to use the physical and chemical 
properties of the lunar soil for recon- 
struction purposes rather than attempt 
to import materials from Earth. He also 
held out the possibility of using the 
modules sent up from Earth as a form 
of housing. 

Questioned after his talk about the 
date the Soviets had in mind for a lunar 
landing, the architect would not com- 
ment. However, L. I. Sedov, head of the 
Soviet Commission on the Exploration 
and Uses of Outer Space, said—seem- 
ingly facetiously—at a banquet a few 
nights after the L/L symposium, “when 
we tell people we can land on the Moon 
by 1971, they say to us ‘why so long. 
what is holding you up?’ ” a 
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Huge scope planned in Texas... 


NASA Speeds to Fill Gap 
In Availability of Big Telescopes 


by Hal Taylor 


THE U.S. GOVERNMENT is mov- 
ing to fill the space exploration gap 
created by the lack of adequate ground 
observatory capability. 

NASA is currently negotiating with 
the University of Texas for development 
of a new 80-to-150-in. telescope for the 
school’s McDonald Observatory. This 
would be one of the five largest reflect- 
ing scopes in the world. 

At the same time, the National Sci- 
ence Foundation is proceeding with the 
development of a 60-in. telescope to be 
located in Chile. 

In addition, space agency officials 
say, proposals for other telescopes have 
been received from several other univer- 
sities and groups. 

Noting that the agency had funded 
a 60-in. telescope at the University of 
Arizona two years ago, one official said 
“we have done this sort of thing before 
and we will probably do more in the fu- 
ture.” 


The government activity in the 
ground observation field results from 
the fact that use of existing observatories 
has reached the saturation point at the 
same time that the space program’s 
need for additional study of the Moon 
and planets is growing. 

@ Cause disputed—Dr. Martin 
Schwarzschild, director of Princeton 
University’s astronomy department, told 
MISSILES AND ROCKETS it is very diffi- 
cult to get viewing opportunities on tele- 
scopes above 40 inches any more. 

“There has never been a time that 
the 100-in. telescope at the Mt. Wilson 
observatory has not been completely 
booked up,” he declared. 

A NASA official said that one road- 
block to the development of new tele- 
scopes is the lack of trained astrono- 
mers. 

Schwarzschild, however, disputed 
that statement. He said that there is no 
question but that there is more man- 
power available than viewing capability. 
But he admitted that there is a man- 


Versatile Douglas Space Vehicle Concept Shown at IAF 


ALL-PURPOSE space velticle proposed by engineer Phil Bono, 
of Douglas Aircraft Co.’s Missile & Space Systems Div. and de- 
scribed at Warsaw 1AF meeting is shown in artist's conceptions. 
At left, vehicle is refueled in Earth orbit by tankers which will 
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power shortage in terms of getting top 
astronomers to take positions as heads 
of astronomy departments. 

NASA officials refused to reveal any 
details of the proposals which it has re- 
ceived, including the possible size of the 
University of Texas’s telescope. They 
said it would be imprudent to discuss 
the matter while it was being negotiated. 
Informed sources said that the telescope 
would not be smaller than 80 in. and 
might be as large as 150 in. 

A NASA spokesman said another 
reason for the agency’s hesitancy to dis- 
cuss specifics is that while it is inter- 
ested in further ground-based observa- 
tion of the Moon and planets, it has not 
yet defined the scope of that interest or 
received approval from top officials to 
undertake the program. 

The observatory in Chile is directed 
by the National Astronomical Observa- 
tory. The Air Force previously provided 
funds for a 36-in. scope. Approval of 
NSF funding of the 60-in. scope was in- 
cluded in its FY °65 budget. a 


return to Earth. At right, retro engines are fired near lunar sur- 
face for direct landing without orbital maneuver. Vehicle would 
carry as many as eight strap-on LH: tanks, which could be ejected 
when empty or used as shelters on Moon. 
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At MIL-E-CON ... 


Congressional Rein on R&D Defended 


Economic impact of programs dictates strict selectivity; 6,000 
hear more than 140 papers on electronics, contracting and procurement 


CONGRESSIONAL SCRUTINY of 
national R&D activities, particularly of 
methods and objectives, is both essen- 
tial and healthy. In fact, said Rep. Mel- 
vin Price (D-Ill.) speaking before the 
Eighth Annual Military Electronics Con- 
ference (MIL-E-CON 8) in Washing- 
ton, industry should consider it an op- 
portunity, not a calamity. 

Pointing out that this year’s $15- 
billion Federally supported R&D pro- 
gram represents the largest single gov- 
ernment enterprise (15% of the total 
U.S. budget), Price asserted that the 
nation can no longer afford to support 
undesirable programs. 

Four principles, he stated, should be 
established as points of concern by Con- 
gress for the study or re-examination of 
Federal R&D activities: clear-cut pro- 
gram objectives; realistic total cost esti- 
mates; existence of centralized respon- 
sibility and management continuity; and 
a plan to make use of R&D results. 

Too often in recent years, said Price, 
millions of R&D dollars have resulted 
only in program abandonment with few 
useful results to show for expenditures. 

Some waste can be expected, he said, 
by the very nature of R&D, but there is 
need for grave concern when the cause 
of such waste is inadequately defined 
program objectives. 

Price cited the now dead Pluto nu- 
clear ramjet and the nuclear-powered 
aircraft R&D programs as typical ex- 
amples of poorly invested U.S. funds. 

“The most serious and foolish waste,” 
of all, said Price, is the failure to put 
new technology to use after spending 
millions to complete a successful R&D 
effort. The SNAP-10A program is typi- 
cal, he said, except that in this instance 
Congressional pressure was sufficient to 
save it and result in an Executive deci- 
sion to continue with the flight-test pro- 
gram. 

@ Meeting well attended—Despite 
the national trend toward reduced at- 
tendance at technical meetings, MIL-E- 
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by Charles D. LaFond 


CON 8 matched last year’s registration 
of over 6,000 and also topped all pre- 
vious years in number of exhibits. 

Over 85 industrial and 10 military/ 
government displays filled the Shoreham 
Hotel’s exhibit area. One entire aisle in 
the hall was filled with Canadian indus- 
try displays. 

The only major criticism of this 
year’s three-day meeting was that it 
should have been longer. Many at- 
tendees and contributors at the tech- 
nical sessions, said Mrs. Harriett H. 
Manley, registration and arrangements 
chairman, felt that the 10-to-12-minute 
paper presentation time limit was too 
short and that the following free discus- 
sion periods were too limited. : 

@ Paper highlights—Over 140 in- 
vited and contributed technical papers 
were presented at 19 sessions. The pre- 
sentations spanned the entire field of 
military electronics systems and tech- 
niques and included several sessions on 
current Dept. of Defense contracting 
and procurement philosophies. 

Describing DOD’s present use of the 
Project Definition Phase in R&D con- 
tracting, J. W. Roach, assistant director 
DDR&E for engineering management, 
pictured the approach as a “filter.” It 
is, he said, a tool which effectively 
screens major system proposals. 

Through such analyses, he pointed 
out, both inter- and intra-system opera- 
tional effectiveness, technical approach, 
and life-cycle cost can be determined. In 
addition, PDP assures that later propo- 
sals for follow-on work are at the en- 
gineering stage—not requiring experi- 
mentation. 

“Incentive Fee Contracting,” a paper 
presented by W. W. Storey, a Martin 
Company vice president, extolled the 
savings already achieved by the Depart- 
ment of Defense using such contract 
clauses. Ten cents on each DOD con- 
tract dollar has been saved, Storey 
claimed, through cost-plus-incentive-fee 
and fixed-price methods. 


Because either reward or penalty is 
involved, he stated, contractors have 
been forced to better plan and execute 
contracts. The results of this, suggested 
the author, is a superior product at 
lower total cost. 

He cautioned, however, that fixed- 
price contracts are still most desirable 
and should normally be favored over all 
other contracting approaches whenever 
the program can be clearly defined. 

® ComSat use described—J. R. Rae 
of American Telephone and Telegraph 
Co. presented his views of the ““Prospec- 
tive Use of Satellite Communications by 
the Bell System.” At the present stage of 
development, he stressed, communica- 
tions satellite use within the continental 
U.S., Canada, or Mexico are not eco- 
nomically feasible. The system initially 
would be for providing telecommunica- 
tions links overseas at distances beyond 
1,000 mi. (And, he pointed out, for 
overseas circuits Bell is limited to tele- 
phone operation only.) 

Bell will lease from the ComSat 
Corp. sufficient usage of its Early Bird 
HS-303 satellite to provide 100 circuits 
between the U.S. and Europe. 

Once an operational satellite system 
exists, Rae stated, Bell would use it 
along with all of its other facilities to 
provide operating flexibility. The quali- 
fication, however, said Rae, is that Bell’s 
overseas correspondents agree and that 
circuits via satellite show costs com- 
parable to those of currently available 
facilities. 

@ NASA comsats—NASA’s Ad- 
vanced Technological Satellites will be 
used for many space applications, in- 
cluding the testing of future satellite 
communications systems and techniques. 
Syncom III, according to J. J. Dough- 
erty, assistant director of NASA’s com- 
munications and navigation programs 
division, will complete the space agen- 
cy’s experimental program to demon- 
strate feasibility of communications sat- 
ellites. a 
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The rope trick...and the vanishing submarine 


Hovering over ocean waters, the Boeing 
Vertol 107 helicopter will be able to play 
a deadly game of “hunt and Kill” with 
‘enemy submarines. Down through the 
hatch, a sonar ball is lowered by winch 
and cable into the water. Two sonar 
Operators, in a sound-proof, air- 
conditioned unit, monitor their instru- 
ments and listen. 

Contact! The helicopter closes in, firing 
torpedos or dropping a depth charge. 
‘With a thunderous explosion, a huge gey- 
‘ser erupts from the ocean, and the sub 
vanishes ... forever. 


For ASW requirements, the Boeing Vertol 
107 comes with quick attachment 
provisions. If electronic maintenance is 
required, the module can be quickly 
replaced—so there's less helicopter down- 
time. Because the 107’s tandem configu- 
ration results in low downwash, there’s 
minimum underwater noise, better sonar 
operation. Optional long range fuel tanks 
permit more than 4 hours “on station.” 

Highly versatile, the Vertol 107 helicopter 
may also be used for inter-ship transfer, 
fleet replenishment, carrier guard duty, 
minesweeping (when equipped with mine 
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countermeasure modules), and search 
and rescue missions. The 107’s sealed-in 
fuselage gives it a water landing capa- 
bility that is a key advantage in opera- 
tions of this type. This tremendous 
versatility is the product of creative en- 
gineering, forward thinking weapons sys- 
tem program management, and the vast 
resources of The Boeing Company. 


BOEING 


VERTOL DIVISION 


MORTON PENNSYLVANIA 


SUBROC — is the most potent antisubmarine weapon in 
existence today. SUBROC travels farther and faster than 
any other tactical weapon carried by submarines. 

The Goodyear Aerospace Corporation, as prime con- 
tractor for the Bureau of Naval Weapons, developed this 
underwater-air-underwater missile. 

The weapon system was conceived by the Naval Ord- 
nance Laboratory, who also served as technical director 


Subroc makes tl 


for the development program. 

Goodyear Aerospace created a management orgart 
tion which is really a company within a company) 
SUBROC. This GAC Division directed the entire inj 
trial team effort, and the design of major element 
the weapon system including the rocket engine, E| 
ance, auxiliary power unit, fire control and telerm| 


systems. Additionally, Goodyear manufactures cor 
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Sorting out real target information 
from the rest of its watery environ- 
ment is one of the most complex 
problems of antisubmarine warfare. 


This year ITT was named systems 
manager for the new Atlantic 
Undersea Test and Evaluation 
Center (AUTEC) that will be the 
principal U.S. Navy facility for 
checking out ASW weapons sys- 
tems. AUTEC will be an “inner 
space” range, the first capable of 
precision tracking in an underwater 
atmosphere of great distance 

and depth. 


Is it fish or foul play? 


Soon the whole range of ASW 
problems—detection, classification, 
pinpointing and destruction—will 
be examined in a controlled, yet 
authentic, marine environment. 


AUTEC will be 100 miles long, 20 
miles wide and 6,000 feet deep. ITT 
will lace this ocean area with 
hydrophones and other sensitive 
instruments, erect tracking gear to 
permit thorough underwater eval- 
uation of such advanced ASW 
weapons as SUBROC and ASROC. 


ASW is not new to ITT. World War II's 
HUFF-DUFF system that pin- 
pointed U-boat radio transmissions, 
no matter how brief, was an ITT 
development. 


In 1957, after solving the problem of 
high density storage of multi- 
channel analog information, ITT 
developed equipment to record 
underwater acoustical environ- 
ments. Now, ITT sonar simulators 
using tapes of actual conditions 
can train up to10 sonarmen at once. 


Currently, ITT is developing DINAH, 
an advanced underwater detection 
system based on electro-magnetic 
principles. 

International Telephone and 
Telegraph Corporation. World 
Headquarters: 320 Park Avenue, 
New York, New York 10022. 
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We have twice entered war while under-.. . 


estimating the power of the submarine, 
and twice the outcome has been in 
doubt. We must not do it again. 


VANNEVAR BUSH 
Modern Arms and Free -Men 
1949 ; 


Sa 


In peacetime, as in war, we must be 
prepared to counter the threat posed by 


enemy submarines—the threat to our. . 
heartland posed by submarine- ° 


launched ballistic missile—the threat to 
our limited-war forces wherever. they 


may be deployed. In our search for the , 


means to combat these threats, we 
have discovered no startling new or. 
revolutionary devices which can or will 
assure arapid and overwhelming defeat 
of the submarine. 


ze JAMES H. WAKELIN, JR. 


Former Asst. Secretary of 
_ the Navy (R&D) 
1964 
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a SW special report 


Navy Feels Defense Adequate—for Now 


But situation fraught with uncertainties could worsen if Russia 
elected to build high-quality nuclear boats; Secretary Nitze 
calls ASW program ‘important missing component’ in U.S. security 


FIFTEEN YEARS and several gen- 
erations of technology separate the two 
statements in the frontispiece to this re- 
port—and yet the threat implied in the 
second is as mortal as that recalled by 
Dr. Bush’s comment on the two World 
Wars. 

Has the Navy actually retrogressed 
in the conduct of anti-submarine war- 
fare? How effective is present equipment 
in detecting, classifying, localizing and 
destroying enemy submarines? What 
exactly, is the threat? And how serious 
is it? Why has the Navy found it neces- 
sary to create a directorate of anti-sub- 
marine warfare and an ASW systems 
project? What of the future? 

These are some of the questions to 
which this special report is addressed. 
And, although military security hangs 
over all aspects of ASW like fog over 
the Grand Banks—obscuring and dis- 
torting—it is possible to penetrate this 
mist to arrive at significant and impor- 
tant conclusions. 

For example, defense against the 
threat to the United States posed by 
submarines is generally divided into 
three separate categories—protection of 
the U.S. from submarine-launched bal- 
listic missiles (SLBM), protection of 
merchant shipping and protection of the 
naval fleet. However, the relative im- 
portance, or seriousness, of any one of 
these threats depends on U.S. strategic 
conceptions, the capability and ade- 
quacy of U.S. forces, Soviet submarine 
forces and the Russian philosophy for 
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the employment of those forces in war. 

Further complicating the ASW 
picture are such interlocking factors as 
geography, relationships with other free- 
world forces, the proliferation of sub- 
marine fleets, and ignorance of the 
ocean environment. 

® The play’s the thing—Secretary 
of the Navy Paul H. Nitze feels that 
“the important missing component in 
having an answer to the Soviet threat 
to the continental United States is the 
Navy’s ASW program. .. .” 

The House Committee on Appro- 
priations submitting its report on the 
FY ’65 Defense bill stressed that of the 
three threats “the most difficult field is 
the protection of the continental United 
States against submarine-launched mis- 
siles.” In a pessimistic note, the com- 
mittee added that “it may be that naval 
vessels, weapons and equipment will 
never be able to adequately defend the 
country against this threat.” 

An essential, though unstated, fac- 
tor behind these views is U.S. strategy 
for the conduct of a strategic nuclear 
War. 

As with all strategic concepts, if the 
premises are accepted so are the consc- 
quences—one of which is coping with 
the SLBM counter-threat. Currently, 
U.S. strategy is based on assured de- 
struction and on damage limitation. 

In the scenario for such a war, Navy 
forces figure prominently in a damage- 
limiting role. For, while Soviet missile- 


firing submarines are inadequate to win 
military victory, they would be capable 
“of wreaking unacceptable urban-in- 
dustrial damage on the United States,” 
in Nitze’s words. Location and destruc- 
tion of these submarines, therefore, 
takes on more importance than it would 
under “countervalue” or “‘finite deter- 
rence” or other nuclear war strategies. 

Accepting the prudence of a dam- 
age limiting strategy does not, however, 
answer the crucial question: How seri- 
ous is the SLBM threat? Secretary of 
Defense Robert S. McNamara estimated 
that the Soviets have 142 missiles with 
ranges of less than 500 mi. aboard 


Reprints of ASW Report 


REPRINTS of the entire 
Special Report on Anti-Sub- 
marine Warfare published in 
this issue of MISSILES AND 
Rockets may be _ obtained 
from: 


Research Department 
Missiles and Rockets 
1001 Vermont Avenue, NW 
Washington, D.C. 20005 


Price is $1.00 per copy. Bulk 
rates upon request. 
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CARRIER, helicopter and destroyer—together with hunter-killer submarine—form the ASW team. 


submarines. All of these missiles must 
be fired from the surface. In fact, one 
source told MISSILES AND ROCKETS, 
there is “no evidence, classified or un- 
classified,” that the Soviets have yet 
fired a missile from a submerged sub- 
marine. 

The missiles aboard Soviet sub- 
marines consist of both cruise and bal- 
listic weapons. The ballistic weapons 
are liquid-propelled and have a range 


of 350 mi. Three are carried in the 
_conning-tower superstructure. The 142 
missiles cited by McNamara are esti- 


mated to be distributed among 30 sub- 
marines—only a small number of which 
are nuclear-powered. 

Assuming these figures to be cor- 
rect, it would not be easy for the Soviet 
Union to mount a ballistic missile at- 
tack on the U.S., according to Navy 


_ officials. 


One high-ranking officer who has 
spent his career in ASW told M/R 
that “in my personal opinion, employ- 
ment of ballistic missile submarines in 
a surprise attack would be very difficult 
for the Soviets to bring off. The very 
presence of these submarines is suspi- 
cious.” Furthermore, the warning time 
that the U.S. would get of the debouch- 
ing of such a force could be as much as 
two weeks. 

Asked about the effect on this eval- 
uation of Soviet development of a sub- 
marine-launched missile of Polaris 
range, this officer observed that at 


some range, after all, the problem 
ceases to be one of ASW and becomes 
one of ballistic missile defense. 

@ Convoy and fleet defense—Pro- 
tection of merchantment and war-mater- 
ial convoys on the high seas is a tra- 
ditional, and essential, mission of naval 
power. The threat against such shipping 
is ranked second only to the SLBM 
threat to the national territory. 

There are, however, several miti- 
gating factors, which, Navy officials feel, 
reduce this problem to manageable pro- 
portions. 

First, the United States in such op- 
erations can rely not only on its own 
ASW forces, but also on allied ships and 
planes. As Adm. Charles E. Weakley, 
Commander of ASW Forces, USS. 
Atlantic Fleet, explained it, “the littoral 
is in friendly hands and, therefore, the 
Atlantic unites the allies. NATO then 
can aid in coping with the problem and 
the addition it makes to our total capa- 
bility is very significant.” 

Another factor favoring the U.S. is 
geography. The Soviets are limited to 
three ports (Vladivostok, Petropatlovsk 
and Murmansk) with direct access to 
the oceans. Still another advantage is 
the ability to route ships along paths 
favorable to the defense and unfavor- 
able to the submarine. The importance 
of this can not be overemphasized, al- 
though again this is a highly classified 
subject. With new bottom-bounce sonar 
techniques, a convoy routed across the 
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ocean along a path well-mapped by the 
Navy will allow maximum detection 


ranges to be obtained against sub- 
marines. 
With bottom-bounce sonar, sub- 


marines as far away as 100 mi. from a 
convoy can be detected. With con- 
vergent zone methods, detection can be 
accomplished when the submarine is as 
far away as 33 mi. Stand-off weapons 
can then be used to kill the sub before 
it gets into firing position. 

“The problem in convoy opera- 
tions,” a Navy official says, “is to ‘sani- 
tize’ and defend a moving area of the 
ocean.” In this, he adds, convoy pro- 
tection is closely allied to defense of 
the fleet. However, he says, fleet pro- 
tection is the toughest of the three areas 
of defense since an enemy submarine 
need only avoid contact with defensive 
forces until it is ready to attack. 

Another problem in a limited-war 
situation is identification, as friend or 
foe, of submarines. Although techniques 
are being developed to photograph con- 
tacts, either with laser cameras or 
dunked cameras, it is necessary now “to 
ask the submarine to identify itself.” Or, 
as another Navy officer put it, “we know 
where our submarines are and if we 
don’t have one in the area of the con- 
tact, we assume it is an enemy and de- 
stroy it.” 

@ Limited war script—In a provoc- 
ative and illuminating speech to a Joint 
Session of the National War College 
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and the Industrial College of the Armed 
Forces, Secretary Nitze has postulated a 
limited-war scenario—in which a war 
of attrition is conducted at sea while 
the shore is a sanctuary to both sides. 

“Such a war,” he declared, “would 
bring the entire spectrum of our ASW 
forces into play against the one weapon 
that could be used against us most ef- 
fectively—the submarine. Our SSN’s, 
our mining forces and patrol aircraft 
squadrons would have to exact attrition 
from transiting submarines.” 

In this “concept of usable power” 
the importance of non-nuclear weapons 
is self-evident. For this reason, the 
Navy is emphasizing conventional war- 


heads within its ASW arsenal. 

© Soviet sub fleet—Even against 
this background, the Soviet submarine 
fleet remains a serious problem for 
the Free World. 

The Soviets have almost four times 
as many subs as the U.S. (The Germans 
at the start of World War II had only 
57 and, at the end of the war, the U- 
boat force totalled 336.) To this sheer 


force of numbers must be added the.- 


fact that the initiative lies with the 
Soviet Union. And the danger is further 
intensified by the true submersible char- 
acter and high underwater speed of the 
nuclear submarine. 

Of the estimated 420 submarines 


NAVY ASW SURVEILLANCE AND OCEAN 


AIRCRAFT CARRIERS: Nine Essex 
carriers (CVS) are in the fleet as plat- 
forms for ASW aircraft. These ships, 
according to the Navy, “have the speed, 
range and space required for all ASW 
weapons systems now current or likely 
to be developed in the next few years.” 
Later Essex ships will replace older 
models as Forrestal class attack carriers 
are introduced into the fleet. At least one 
carrier has been equipped with a large 
sonar. Aircraft carriers are the back- 
bone of the hunter-killer group. 


ATTACK SUBMARINES: One-hun- 
dred and three submarines, including 23 
nuclear-powered craft, were in the fleet 
at the end of Fiscal 1964. The Navy is 
building nuclear attack submarines at 
a rate of six per year and expects to have 
more than half of its underwater fleet 
nuclear-powered by FY °69. Total force 
will remain relatively constant through- 
out this period. Modernization program 
for World War II submarines has been 
halted since it is felt that even the mod- 
ernized subs are ineffective against nu- 
clear-powered submersibles. 


DESTROYER ESCORTS: Twenty- 
three destroyer escorts are currently in 
the fleet. Increase of 16 new ships is part 
of the ’65 construction program. Specif- 
ically designed as ASW ships, DE’s are 
used for HUK, coastal patrol or convoy 
escort. Equipment includes bow-mount- 
ed sonar (in the newest), variable depth 
sonar, DASH, Asroc and anti-submarine 
torpedoes. 


DESTROYERS: One-hundred and 
ninety-five other destroyer types, both 
multi-purpose and ASW ship; some 
previously slated for retirement will be 
retained for use as ASW ships. FRAM 
program is significantly boosting the 
ASW capability of these ships. Seventy- 
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nine Gearing-710 class destroyers have 
been modernized with the addition of a 
hull-mounted sonar, an Asroc launcher, 
two torpedo launchers and DASH. Con- 
version of 18 Forest Sherman class de- 
stroyers is continuing with the second 
increment planned this year. DASH is 
the primary ASW capability being added 
to this class. Addition of an Asroc 
launcher to Mitscher class frigates, be- 
gun last year, is continuing. 


PATROL AIRCRAFT: Consists of 
both carrier-based and land-based air- 
craft. Grumman S-2D, E and F fixed- 
wing Tracker and the Sikorsky SH-3A 
helicopter are the backbone of the car- 
rier forces. Eighteen squadrons of 
Trackers are in operation and nine 
squadrons of the SH-3A. Long-range, 
land-based patrol aircraft include: Lock- 
heed’s P3V Orion, which is rapidly re- 
placing the older Lockheed P-2 Neptune; 
SP-5 Marlin seaplane squadrons are be- 
ing phased out. There were 30 land- 
based squadrons at the beginning of this 
Fiscal Year but these will be reduced by 
one with the retirement of an SP-5 
squadron. Capabilities of the aircraft are 
listed below. 


S-2 TRACKER: Basic aircraft has been 
under procurement for eight years. 
Navy expects the final buy in Fiscal 
66. D and E procurements complete, F 
model now being bought. Squadron con- 
sists of 10-12 aircraft. F model has new 
display equipment, increased range and 
endurance, and additional sonobuoy 
capability. Carrying a four-man crew, 
the S-2 has a 7¥42-hr. patrol capability 
with an average range of 230 mi. Take- 
off weight is 26,641 Ibs. An internal 
bomb bay carries two torpedoes while 
three external stations can carry addi- 
tional ordnance. Navy terms this a very 
good magnetic detection aircraft. 


operational in the Soviet Navy, 321 are 
Ocean-going, long-range, conventional 
and nuclear submarines. About 25 are 
nuclear boats—both attack (10) and 
ballistic-missile (15) submarines. The 
remainder are short-range, coastal-de- 
fense boats with small displacement, 
which are operational in the Baltic and 
the Black seas. These are being retired 
at a faster rate than new submarines are 
being built with a consequent shrinking 
of the absolute value of the submarine 
force. 

The characteristics of Soviet ocean- 
going submarines are by class: 

—Z class: Built since 1956, these 
are the most modern conventional subs 


PATROL FORCES 


SH-3A, SEA KING: An all-weather, 
gas turbine helicopter with a speed of 
148 mph and a range of over 500 mi. 
(Operating radius 250). Gross weight 
is 17,768 lbs, with a payload of 6,574 
Ibs. It carries a dipping sonar, which 
can reach below the thermal layer, and 
internally stored torpedoes. Navigation 
is being improved for night operations 
and the short-pulse, ASPECT classifica- 
tion equipment is being added to the 
Sea King. Fourteen helicopters normally 
constitute a squadron. 


P-3A ORION: First scheduled deploy- 
ment of this aircraft was made in May, 
1963, and it is an important addition 
to ASW patrol forces. Able to fly at 
speeds up to 435 mph, it can then loiter 
in the area of 170 mph. Search capa- 
bility is placed at 280,000 sq. n. mi. 
Endurance is 13.2 hours on four en- 
gines and 17.7 hours on two. ASW 
ordnance weighing 1,848 Ibs. can be 
carried, including torpedoes, wing- 
mounted rockets and depth charges. It 
can carry 15 lightweight or seven heavy- 
weight mines. More than 5,000 Ibs. of 
detection gear can be carried. Four 
squadrons are now operational. Carries 
Julie and Jezebel sonobuoys. Plane is 
strengthened and modified version of 
the Lockheed Electra. 


SP-2E AND -2H, NEPTUNE: Main- 
stay of the land-based patrol aircraft, 
it is being replaced by the Orion. This 
aircraft has a range of 3,685 mi. a take- 
off weight of 79,788 lbs., a speed of 181 
knots and a loiter speed of 158 knots. 
In addition to patrol operations, the 
plane can be used for mine laying or 
torpedo missions. Over 20 squadrons 
are still in the active inventory and it 
will be 1970, at present deployment 
rates, before the Neptune is completely 
replaced by Orion. 


LE 


SSUES 
Sa 


missiles and rockets, September 21, 1964 


{ 


; 


in the Soviet arsenal. They have a range 
of over 20,000 mi., a surface speed of 
20 knots and a submerged speed of 
15 knots. Overall length is 290 ft., with 
a submerged displacement of 2,600 
tons. About 26 of these boats were built 
before the shift to the nuclear sub- 
marine. The Z class has high-capacity 
batteries for power. 

—W class: Built between 1950-1955, 
this class constitutes the bulk of the 
Soviet sub fleet. Two-hundred and ten 
are operational. They have a displace- 
ment of 1,000 tons, a Iength of 245 ft., 
and a range of 12,000 mi. Surface speed 
is 16 knots and submerged speed is 13 
knots. The class is patterned after the 
German Type XXI. 

Several modifications of these two 
classes exist for specialized missions. 
For example, a small number of Z and 
W class boats have been modified for 
submarine hunter-killer operations and 
a larger number as ballistic missile 
launch platforms. 

@ Four fleets—The Soviet sub- 
marine force is divided into four fleets: 
Baltic, Black Sea, Arctic and Pacific. 
The first two fleets are almost exclu- 
sively coastal-defense and have 70 and 
50 submarines respectively. The Arctic 
fleet consists of 150 submarines operat- 
ing from Murmansk/Archangel, and 
the 120-boat Pacific fieet is based at 
Petropavlovsk and Vladivostok. 

Twice before the Soviet Union has 
built huge submarine fleets and failed to 
use them. In World War I, the Soviets 
built 120 coastal defense boats, com- 
parable to the U.S. “R” type, only to 
scuttle all but one, which escaped to 
Finland after the Communist revolu- 
tionary government negotiated a sepa- 
Tate peace with the Germans. In World 
War II, the Russians had 237 sub- 
marines operational in 1939 and 70 
more on the ways. This was more than 
the rest of the world put together. But, 
again, this force was not employed to 
any great degree. 

Even now, according to a Navy ad- 
miral, the Soviet mentality is still 
defensive and is based on the protec- 
tion of the motherland. This is in spite of 
a big, modern fleet. “They have made 
several long excursions,” he adds, “but 
they are not doing it as a matter of 
regular, routine operations.” 

As nuclear submarines are phased 
into Soviet forces—at an estimated rate 
of 5-6 per year—the Russians have 
been giving their older boats to satellite 
nations, This presents a real problem 
since, as with proliferation of nuclear 
weapons, an “nth” country sub attack on 
one of the capital ships of the two 
major powers could have an escalating 
effect. 

Among the nations now possessing 
Soviet submarines, China is the biggest 
threat. It is estimated that the Chinese 
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SIKORSKY SH-3A Sea King helicopter uses dipping sonar to increase range. 


Communists have 31 submarines—in- 
cluding 17 W class boats. In addition, 
before the Sino-Soviet rift, the Russians 
provided equipment and know-how for 
construction of W submarines. 

Other nations with Soviet sub- 
marines are: Albania (4) and Indonesia 
(20). Satellite countries bordering on 
the Baltic or Black seas also have small 
numbers of subs for coastal defense. 

@ The big question—Both Navy 
and industry officials interviewed by 
M/R feel that the conventional threat 
represented by the Z- and W-class sub- 
marines is well in hand. This is not to 
say that damage would not be inflicted 
on U.S. forces; it is to say, however, 
that in a war of attrition the Soviet 
submarine force would suffer at an un- 
sustainable rate over a comparatively 
short period of time. 

@ Nuclear complications—What 
concerns U.S. defense planners is the 
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Soviet nuclear fleet. These submarines 
are true submersibles with unlimited 
range and submerged speeds of 30 knots 
at depths of 500-600 ft. 

The Soviet nuclear ballistic missile 
submarine consists of the early E class 
with a submerged speed of 22 knots and 
a displacement of 5,600 tons. It has six 
missile tubes, two abreast on a flush 
deck. There are six of these boats in the 
Pacific. 

The later H class has a submerged 
speed of 30 knots and a displacement 
of 3,500 tons with the same six missile 
tubes. Nine are operational and on sta- 
tion. In the nuclear attack class of sub- 
marines the Soviets have an estimated 
10 operational with a submerged speed 
of 30 knots and a displacement of 3,000 
tons. There are six bow torpedo tubes 
on the SSN. 

This is a formidable weapon—but 
it has a mortal defect. 
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The Soviet nuclear submarine is 
noisy. This, coupled with U.S. quantum 
improvements in sonar and a truly major 
ship silencing program, rob the Russian 
craft of some of the advantages of 
nuclear power. One high Navy official 
compares the Soviet submarine to U.S. 
battery boats in terms of noise; he adds 
that “to be quiet, it has to go at battery 
boat speed.” 


However, how many of these “first- .- 


try” submarines will be built is a major 
unanswered question and one that can- 
not be ignored. Historically, the Soviets 
have settled on one class of submarines 
and then built several hundred of them. 
If this pattern holds true, the problem 
will not be too serious. However, if the 
Soviets develop and build nuclear sub- 
marines of the quality of U.S. boats— 
with major emphasis on ship silencing— 
the threat would become one of the 
most serious facing the country. 

@ U.S. capabilities—The chart ac- 
companying this article shows a partial 
analysis of the forces arrayed against 
the Soviet submarine fleet. To this 
must be added NATO ASW forces, 
which would swell U.S. Atlantic forces 
from over 40 ships and 500 aircraft 
to at least twice that number. 

More important are the command 
and control elements which increase the 
flexibility and usefulness of these forces. 
ASW Atlantic Forces operate under 
central direction from Headquarters in 
Norfolk, Va., but with decentralized 
control of individual units of the force. 
Further, although the Atlantic is divided 
into sectors, there are no boundaries in 
the sea—units can be shifted from con- 
trol of one sector to another quickly. 
This allows one sector to be in a high 
state of readiness while other sectors are 
conducting normal operations. The sys- 
tem was tested during the Cuban crisis 
in 1962 and held up very well. 

In fact, Cuba provided the Navy 
with a unique opportunity to test its 
skills, equipment and tactics against 
some of the best of the Soviet’s sub- 
marine arsenal. 

“The results were highly gratifying,” 
Adm. George Anderson told the House 
Armed Services Committee in 1963. 
“During the time of crisis, more than 
20 submarine contacts were reported 
in the area of fleet operations or adja- 
cent to the Cuban quarantine area. Some 
of these probably were false contacts, 
and quite a number were repeated con- 
tacts with the same target, We were able 
to identify six by photograph as Soviet 
submarines. ... 

“Anti-submarine warfare must be a 
team effort. Without question this was. 
These most recent experiences have at- 
tested dramatically to the capabilities of 
our air, surface, and undersea forces 
and our fixed installations to work to- 


gether with maximum effectiveness.” 

Adm. Weakley explains the multi- 
plying effect of centralized direction in 
terms of the fingers on the hand. “‘Prop- 
erly coordinated, the hand acts as a 
lever to exceed the arithmetic possibili- 
ties of each finger taken individually.” 

® Outstanding problems—Again, in 
the words of the man who commands 
the Atlantic ASW forces, “We have 
come forward to beat hell since World 
War II, and we can do very well against 
Soviet conventional submarines.” 

Sonar ranges have increased several 
hundred percent since the war and, with 
the SQS-26 and the BOQ-2 sonars, an- 
other tremendous advance in detection 
range will have been achieved, As one 
experienced naval officer put it, “Today, 
if a ship is limited to ranges of 2,000 
yards under good water conditions, 
someone starts checking on the equip- 
ment for a malfunction.” 

@ Unresolved—However, major 
problems remain to limit the effective- 
ness of anti-submarine warfare. These 
include: 

—Retention of personnel: Competi- 
tion from industry has hindered the 
ASW effort. One Navy officer contends 
that he could increase the effectiveness 
of his forces severalfold if he could re- 
tain qualified people. “The re-up rate 
for sonarmen is extremely low,” he 
says, “because the Navy gives them 
specialized training and then industry 
gobbles them up.” A solution, being 
tried now, is to shorten the training 
time, giving a sonarman only operator 
training and, if he re-enlists, then giving 
him maintenance training. 

—Ignorance of the environment: In 
the past, not enough attention has been 
paid to the physics of the ocean and the 
propagation of sound in this medium. 
Temperature, salinity, pressure and a 
variety of other factors determine the 
effectiveness of Navy detection equip- 
ment. With the advent of bottom-bounce 
and convergent zone equipment, the 
physics of the ocean takes on a new im- 
portance. Magnetic anomaly gear, as an 
illustration of how physical understand- 
ing helps tactical operations, will be 
increased in effectiveness as a result of 
the World Magnetic Survey, which 
mapped variations in the Earth’s mag- 
netic field. 

—Tactics: The role of the nuclear 
attack submarine in ASW, the effect of 
stand-off weapons and longer-range de- 
tection equipment on HUK (Hunter- 
Killer) force composition and conduct 
of a non-nuclear war of attrition with 
shore sanctuary to both sides—these are 
but a few of the tactical problems which 
must be faced. ASW doctrine is clas- 
sified, but at least one high-ranking 
Navy officer admits that tactical doc- 
trine is lagging behind technology. 
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You name it. Sperry is ready, willing and able to provide the guidance, control, data management, communi- 
cations—or complete avionics package—that will help insure the success of the mission.L Sperry is no stranger 
to space needs. Accelerometers for Apollo/LEM guidance... stabilization control studies of space stations 
for NASA’s Langley Research Center... miniature inertial components for satellite control 

... equipping USAF’s new global Range Control Center at Cape Kennedy... energy 

management and control of re-entry vehicles...Gemini and Apollo beacons...these are PEARY 
just a few of our involvements. We’re deep in control subsystems for orbiting vehicles... 

gravity/zero gravity stabilization... precision aerospace guidance and control.So whatever DIVISIONS OF 
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“BIG BENDER"’ is one of the most compact low-frequency sonar transducers ever built. Designed by Honeywell as a research sound source for the U. S. Navy} 
Underwater Sound Laboratory, New London, Conn., this three-ton unit is made up of 90 bender bars, each of which uses 52 elements of Honeywell K-12 precision 
ceramics that are machined to within two-thousandths of an inch. The ceramic bender bars are able to withstand high internal stresses resulting from the large excur-| 
sions necessary to produce a four-kilowatt output at 117 cycles per second. The “Big Bender” has an electroacoustic conversion efficiency of greater than 50 per 


cent and is capable of operating for one year at depths to 1000 feet. Similar Honeywell bender transducers operating at somewhat higher frequencies have shown 


efficiencies as high as 60 per cent. 


NAR TRANSDUCER TECHNOLOGY 


High-efficiency ceramics extend the 
range and durability of sonar transducers 


Through significant advances in under- 
water acoustic technology and high- 
efficiency ceramics, Honeywell has been 
able to design sonar transducers that 
provide lower frequencies, lower oper- 
ating depths and higher power for 
some of the nation’s most advanced 
underwater sound programs. 

To meet these requirements, Honey- 
well is producing three types of 
ceramics that are now available to the 


e Lead zirconate /titanate 

e Modified lead zirconate/titanate 

e Barium-titanate 

This range of basic materials, cou- 
pled with Honeywell’s unique capabili- 
ties in custom-building elements of 
various piezoelectric properties, pro- 
vides a selection of quality ceramics 
that meets the demands of the most 
advanced sonar transducer designs. 

Although it is common practice to 
test each ceramic element before it is 


included in a system, the quality of 
Honeywell ceramics is so consistently 
uniform that many customers use the 
sampling technique of testing. To 
achieve such quality, Honeywell main- 
tains stringent control procedures 
throughout its ceramic manufacturing 
process. All ceramic materials meet 
IRE standards for electrical properties 
and are guaranteed to meet minimum 
standards. When the ceramic materi- 
als are processed, automated equip- 
ment controls and records the process. 
The result is uniform ceramics which 
permit sonar transducers to reliably 
meet design specifications at high 


industry: 


ADVANCED TRANSDUCERS FOR ASW VEHICLES are being developed 
and produced by Honeywell. The multi-element array shown is a highly direc- 
tional transducer designed for use in a sonar projector-receiver system. 


CERAMIC TRANSDUCERS of various shapes, sizes and characteristics have 
been brought to a high degree of development by Honeywell. Having a high 
rate of exact reproducibility of electrical and mechanical properties, these 
ceramic elements meet specifications for a variety of acoustic applications. 


power over long periods. 


Honeywell transducers operate in 
all types of undersea conditions 


The ultimate performance of a sonar system depends criti- 
cally on its transducer, and a transducer is no more effective 
than its ability to meet system requirements in the prevail- 
ing acoustical conditions of a body of water. ‘ 

At Honeywell, achieving the best combination for a par- 
ticular application results from close cooperation between the 
transducer designer and the systems engineer who consider 
trade-offs such as bandwidth, efficiency, depth capability, 


and the electrical system parameters governing the per- -~ 


formance of transmitters, receivers, and beam-forming and 
signal-processing networks. 

During ten years of participation in the Navy’s sonar 
programs, Honeywell has gained a thorough understanding 
of underwater acoustics, undersea warfare systems and sonar 
instrumentation. This has resulted in the design and produc- 
tion of a successful family of sound projectors and hydro- 
phones including: ; 

e Longitudinal vibrators 

e Circumferential vibrators 

e Flexing-disc transducers 

e Flexing-beam projectors (‘‘bender bars’’) 
e Extensional-fiexural elements and arrays 
e Reference hydrophones 


Each of these configurations requires ceramic materials of 
the highest uniformity and quality to meet the exacting 
demands of the particular application. As an example of the 
capabilities of the ceramics in its systems, Honeywell today 
produces transducers covering a range of frequencies from 
45 cycles through several hundred kilocycles per second, 
acoustic power ratings of several kilowatts and operating- 
depth capabilities to the bottom of the deepest ocean trenches. 


WE INVITE YOUR REQUEST for further information on Honey- - 
well ceramics or sonar transducers. Please specify your 
interest by writing on your letterhead to Honeywell, M.S. 
847, 600 Second Street North, Hopkins, Minnesota 55343. 


Honeywell 
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HOW will we detect them? Missile-carrying nuclear 


submarines with their deep diving, long submergence and 
hydrodynamic hull characteristics have turned the depths 
of the ocean into a more potentially dangerous environment. 
Hydrospace is the Raytheon Submarine Signal Division's 
field of activity. Raytheon engineers and scientists are 
actively exploring the full range of underseas warfare re- 
quirements including design, development and production 
of complete ASW systems for air, surface and subsurface 
employment. 


Developing the advanced concepts, systems and equip- 
ment for underseas navigation, detection, identification and 
communications is a continuing assignment at Raytheon’s 
ASW Center, R.J. Positions are available in: Advanced 


A.S.W. Systems/Applied Research, Sonar Systems Devel- 
opment, Transducer Theory and Development, Electronic 
Development and Design, Reliability Engineering. Training 
and experience desirable in one or more of the following: 
sonar, communications theory, signal processing, advanced 
mathematics, real time computer applications, circuitry de- 
sign, transducer and acoustics research, electronic packag- 
ing, underwater acoustics, piezoelectric ceramics, electro- 
acoustics. 


Please send resume to P. R. Alexander, 


An Equal Opportunity Employer 


Raytheon Company, 
Submarine Signal Division, 
Portsmouth, Rhode Island. 
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Martell, Karaberis Share Management 
Responsibility in Separate Offices 


Director, ASW Programs, and Manager, ASWS Project, operate 
along different command lines although both report to Secretary 
of Navy; service feels new team will improve relations with industry 


VICE ADM. Charles B. Martell— 
director of the Navy’s anti-submarine 
programs—has been termed “Mr. ASW” 
by Chief of Naval Operations Adm. 
David L. McDonald. 

To the extent that the Secretary of 
the Navy and the CNO look to Martell 
for reports on the requirements and op- 
erational aspects of ASW, this is true. 

However, there is another, though 
less-heralded, “Mr. ASW” in the Navy. 
He is Rear Adm. C. A. Karaberis, who 
heads the ASW Systems project in the 
Office of Naval Material. Karaberis is 
charged with ASW producer functions 
within the Naval Material Shore Estab- 
lishment. 

The only place where the lines of 
authority come together is at the Secre- 
tary of the Navy level. Both Martell and 
Karaberis report directly to Navy Secre- 
tary Paul H. Nitze. 

The directive establishing the ASWS 
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project provides for a direct line be- 
tween Martell and Karaberis. “In mat- 
ters relating to requirements, the selec- 
tion of work to be performed and its 
appraisal for military worth and readi- 
ness,” it states, “the Manager, ASWS 
Project, will look to the Director, ASW 
Programs in the Office of CNO (Op- 
95) for guidance and direction.” 

The directive also “authorizes and 
directs” direct communication between 
the two offices “to ensure the free cross- 
flow of information and ideas essential 
to melding of requirements and capabili- 
HER a oo” 

Command lines run from Martell 
through the Chief of Naval Operations 
and from Karaberis to the Chief of 
Naval Material. 

@ Op-95, coordinator—The chief 
of the ASWS project enjoys the status 
of a designated project with “a priority 
within the Navy second only to the Fleet 
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LEFT: Vice Adm. Charles B. Martell, 
director of anti-submarine programs, re- 
porting to CNO. “We intend to take a 
horizontal cut out of the vertical organi- 
zation...” 


RIGHT: Rear Adm. C. A. Karaberis, head 
of ASW Systems in Office of Naval Mate- 
rial, “We are trying to bring to bear a 
maximum number of people and equip- 
ment in a coordinated team effort.” 


Ballistic Missile Project,” and he has 
authority over the Bureaus commensu- 
rate with this responsibility. 

Martell, in contrast, has authority 
only as a coordinating agent of the 
CNO. His role is to pull together all 
ASW planning, programming and ap- 
praising to ensure an integrated and 
effective ASW effort. While Martell 
says he “feels completely responsible 
for the success or failure of any ASW 
program,” he admits that his effective- 
ness depends on the intent and desires 
of the Secretary of the Navy and the 
CNO.” 

At the moment, this high-level in- 
terest is present. Martell, in discussing 
the reasons for failure of an earlier 
effort at pulling together the Navy ASW 
program (see below), said, “Op-001 
never had any real authority; he was an 
advisor, and nothing is easier to circum- 
vent than an advisor. I not only advise 
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but control. No one can pick up a pen- 
cil around here without my approval. 

“Of course, the CNO can listen to 
others but, if he does, there is no point 
in having this office,” he concluded. 

Martell see his job as consisting of 
two tasks: “We have to more clearly de- 
fine the crucial elements of the program, 
see that these are supported and see that 
they are on schedule. In the past, there 
was no order of priority and some pro- 
grams were carried along on shoestring 
funding. The remarkable thing is that 
we got anything out of them. We intend 
to establish priorities and see that these 
programs are properly managed and 
supported.” 

The second task is “to see that some 

things are done that have been talked 
- about for a long time.” A corollary to 
this, the Admiral says, is that “We don’t 
intend to waSte resources on minor 
programs.” 

@ Past and present—Marteill at- 
tributes his position and authority to 
three influences: the great interest of 
the Secretary, the “real prodding” by 
Congress and the realization within the 
Navy itself that ASW needed more 
attention. 

In a “Brief History of ASW Organi- 
zation,” the establishment of Op-95 is 
attributed to “a series of evolutionary 
adjustments.” Prior to 1958, the Under- 
sea Warfare Division, Op-31, handled 
ASW as well as submarines and mine 
warfare for the CNO. In January, 1958, 
Op-001 came into being as the ASW 
executive directly under the CNO, but 
the ASW program remained in Op-31. 
This was the advisory function which 
Martell decried. 

In 1961, the ASW Division, Op-32, 
was established and at the same time 
Op-001 was dissolved. ASW and mine 
warfare functions were transfered from 
Op-31 to Op-32. Finally, on Feb. 17, 
1964, Op-95 was established and the 
Navy was embarked on its latest and 
most determined effort to solve the ASW 
problem. 

Martell’s organization is small and 
will remain so. “Everybody keeps harp- 
ing on organizations,” he explains, “but, 
just as in industry when there is a job 
to be done, we intend to take a hori- 
zontal cut out of the vertical organiza- 
tion.” 

In practice, this means that ASW 
groups within the already existing Ops 
—Manpower and Naval Reserve, Fleet 
Operations and Readiness, Logistics, 
Air, Plans and Policy and Development 
—will remain where they are. They will 
report to the chiefs of these Ops, but 
also will be subject to the coordinating 
authority of Op-95. 

The biggest problem facing him, 
Martell feels, is “to get a handle on the 
Navy ASW program in order to obtain 
data to analyze and to recommend a 
program ... And, to make sure that 


this program is based on facts.” One of 
the approaches being considered to help 
solve this problem is contracting for 
systems engineering assistance. 

@ ASWS project definition—On the 
Material side of the picture, Karaberis’ 
charter specifically excludes platforms 
from his cognizance. 

“The term ASW Systems,” the direc- 
tive says, “refers to those surveillance, 
detection, classification, localization, fire 
control, and weapons components and 
systems in ships, submarines, aircraft 
and fixed installations as distinguished 
from the ships, submarines, aircraft or 
sites of the fixed installations for which 
these ASW Systems are designed and 
procured.” 

Although platforms are excluded 
from the charter, there is a built-in re- 
quirement for responsiveness to ASWS 
requirements by the Bureau of Ships 
“to the extent that they affect ASW 
systems and their integration into the 
platforms.” An additional interlock is 
provided by Martell, who serves as a 
member of the standing committee for 
Shipbuilding and Conversions, the Ship 
Characteristics Board, the Air Board 
and the CNO Advisory Board. 

Implementation of the charter is 
now under way. One of the first steps 
taken was the full-time assignment of 
eight officers and 60 personnel from 
the Bureau of Ships Sonar Systems Proj- 
ect Management Office to Karaberis. 
This is in keeping with Adm. W. A. 
Schoech’s directive to establish direct 
supervision “as rapidly as possible” in 
areas of critical importance—such as 
surveillance and control, systems analy- 


‘sis and engineering, and control of tech- 


nical interfaces for surface ships, sub- 
marines and aircraft. 

The general management structure 
of the ASWS project is along the lines 
of the Navy’s Special Projects Office, 
which runs the Polaris program. Capt. 
Thomas A. Rutten, Deputy to Adm. 
Raborn for three years in the Special 
Projects Office, holds a comparable 
position under Karaberis. 

® Business, not as usual—In carry- 
ing out his job, Karaberis stresses that 
he intends to change things. The Secre- 
tary of the Navy, he says, was concerned 
with the fact that a “bits-and-pieces” 
approach was being taken toward ASW 
—that is, individual components were 
being developed without a long-range. 
end-of-the-line view of how they fit into 
the total system. Secretary Nitze was 
also concerned with the fragmented 
technical direction within the Bureaus 
and with the lack of centralized manage- 
ment. 

“My own review confirmed the 
Secretary’s view,” Karaberis says. “We 
have a Jot of splendid ASW talent in the 
Bureaus, but the job is big and this 
talent is spread too thin.” He is there- 
fore in the process of pulling together 
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the various pieces. As a parenthetical 
note, one Navy official estimated that 
there were 54 organizations within the 
Navy working directly in the area of 
ASW. 

Karaberis sees his organization ful- 
filling three principal functions: 

—Systems Analysis, which would 
include both the analysis of require- 
ments from the CNO and systems syn- 
thesis or the molding together of existing 
equipment. 

—Management to include plans, 
programs, financial management and 
long-range projections. 

—Technical direction to ensure that 
needed equipment is developed on time, 
within cost and with specified perform- 
ance. 

Another area, probably as impor- 
tant as the first three, is the weeding out 
of unfruitful areas of development. 

Karaberis believes the most immedi- 
ate problem is to work on today’s prob- 
lems while at the same time developing 
a Management structure for the long 
term. Now that the sonar group is under 
his control, the Admiral is working to 
bring together the widely scattered Sur- 
veillance and Control systems personnel. 
After this, personnel working in the 
areas of weapons and launchers for 
ASW will be centralized. 

@ No Bureau status seen—However. 
it is not the Navy’s intention to create a 
Bureau of ASW. Only those elements 
that need emphasis will be “projectized” 
—and primarily this applies to sensors 
rather than platforms. 

Both Martell and Karaberis strongly 
feel that there is no breakthrough in 
sight in the ASW field. Therefore, they 
are concentrating on producing evolu- 
tionary progress in all areas. 

Karaberis sums it up this way, “a 
team effort is essential to progress. No 
single person or piece of equipment is 
going to provide the answer. Therefore, 
what we afe trying to do is to bring 
to bear a maximum number of people 
and equipment in a coordinated team 
effort. 

“A fine job has been done convincing 
industry we need help,”’ Karaberis said, 
but M/R interviews with industry have 
shown there is some feeling that ways 
and means of helping the Navy have 
not been spelled out. 

Seahawk, the advanced ASW ship, 
is a good example. The Navy argues that 
this is a very important, very active 
program, which is “under detailed 
study” or “being re-oriented.” Consensus 
of industry officials, however, is that the 
“program is dead.” 

This lack of communication con- 
tinues to be a problem, but one that the 
Navy recognizes. The Navy feels that, 
with Martell and Karaberis, it has a cen- 
tralized management team that will be 
able to keep industry informed. a 
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Dual test stand for static firing of the Saturn V 7.5 million pound thrust booster stages at the 2 
National Aeronautics and Space Administration's Mississippi Test Operations. Architects and {aat4) strong, safe, durable 
Engineers: Sverdrup & Parcel and Associates, Inc., St. Louis, Missouri. \ f 


Steel H-Piles 
to support 
test stand for 
Saturn V 


Before the Saturn V moon rocket 
roars into space from Cape Kennedy, 
the S-IC first stage, whose engines 
will have a combined thrust of 7.5 
million pounds, will be completely 
tested at the National Aeronautics 
and Space Administration’s 
Mississippi Test Operations 
—a division of the Marshall 
Space Flight Center. The 
dual test stand foundation 
will rely on USS Steel H- 
Piles for dead and live load 
support in addition to with- 
standing operating loads 
from the large thrust gener- 
ated by the rocket engines. 

The giant rocket stages 
are too big for freight cars so 
they will start their journey 
to the moon on barges. The 
stages are assembled in the 
Michoud plant in New 
Orleans and shipped about 
38 miles to the test facilities 
being built on about 142,000 
acres in Mississippi and Louisiana. 

To form adequate foundations for 
the first of the huge test structures, 
1,640 USS Steel H-Piles (14 BP 73) 
were driven through several layers of 
unstable fat clays to friction bearing 
in dense sand below —71 ft. Rock 
for end bearing was out of reach. 
Some of the piles are driven verti- 
cally but most of them are battered 
on a slope to help resist both hori- 
zontal and vertical forces caused by 
tremendous engine thrust and to give 
necessary horizontal stiffness. 

Piles under the test stand are 
designed to support total dead and 
live loads of approximately 160,000 
tons and a maximum horizontal load 
of 8,000 tons. An additional problem 
was the vibratory load which will be 
imposed by the gimballing of the 
booster engines. This is generally 
not a consideration in foundation 
design but was important here since 
the vibrations could cause additional 
driving of the piles. 

The Mobile District Office of the 
U.S. Army Corps of Engineers con- 
ducted an extensive series of pile 
tests on piles of various materials at, 
the site in advance of final design. 
These preliminary pile tests were 


Vibration generator is used in combination with heavy 
static load to determine performance of test piles under 
combination of dead and vibratory loads. Steel H-Piles 
performed very well in these severe load tests up to about 
250 tons combined loads. Tests were conducted by the 
Mobile District Office—Corps of Engineers with Vicksbur 
Waterways Experiment Station. Sverdrup & Parcel an 
Associates, Inc., St. Louis, were design engineers. 


necessary to determine safe and 
economical design loads, driving 
characteristics, necessary penetra- 
tions and to observe performance 
under vibratory loads. 

As a result of the tests, 14’-73# 
steel H-piles were selected as the 
basic pile for which bids were asked. 
Design loads specified are: 


a. 100 tons compression and 40 tons 
tension for long term loadings. 


b. 125 tons compression and 40 tons 
tension for long term loadings. 


ce. 140 tons compression and 40 tons 
tension for load combinations in- 
cluding wind. 

Sane KET 


d. 200 tons compression and 100 tons 


tension for load combinations in- | 


cluding the blast load resulting 
from a catastrophic explosion at 
any adjacent test stand. 
Alternate ‘for equal’ pile types 
were permitted; however, USS Steel 
H-Piles were selected by the con- 
tractor because— 
1. Minimum displacement of steel 
H-piles meant a minimum of 


General view of test site with first USS Steel 
H-Piles already driven. The Pile driving con- 


tractors are W. R. Fairchild Construction 

Company and J. W. Snowden Construction 

Company, Joint Venture, of Hattiesburg, 

Mississippi. 

trouble penetrating through the 

fat clays overlying the sand. 

No pre-coring was necessary with 

H-piles. 

. H-piles are best for getting fast 
penetration into the dense sand. 

. They are easily spliced or cut off 
where necessary. 

. They can be readily driven on a 
batter. 

. They are the best piles to with- 
stand horizontal and extraction 
loads. 

USS Steel H-Piles offer many ad- 
vantages for jobs like this and other 
construction. They drive better than 
piles of other materials, can be easily 
spliced or cut, can take hard driving, 
are easy to handle and store, and are 
a finished product shipped right from 
the mill ready for use and are readily 
available in various sizes and foot 
weights. When you specify products 
from United States Steel, you can 
count on helpful technical assistance, 
quality, service, and prompt delivery. 

Write for a copy of our new 91- 
page book, “USS Steel H-Piles,”’ for 
more information on accepted prac- 
tice on design and utilization of steel 

H-piles. United States Steel, Room 

7421, 525 William Penn Place, Pitts- 

burgh, Pa. 15230. 
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ASW Budget Running at $386.5 Million 


But Past Approach Hampers Work 


FUNDING for anti-submarine war- 
fare programs—already some 27% of 
the Navy’s Research, Development, 
Test and Evaluation (RDT&E) budget 
—is not likely to show an explosive 
growth over the next several years, 

In spite of its status as a designated 
project second in importance only to 
the Fleet Ballistic Missile program, 
ASW suffers less from lack of funds 
than from an earlier lack of direction. 

Adm. Martell told MissILES AND 
RockETs that in the past “there was no 
order of priority” and some programs 
got only “shoestring funding.” He said 
“the remarkable thing is that we got 
anything” out of the past programs. 


Therefore, much of the effort of 
the two central figures in the Navy’s 
revitalized ASW effort has been to re- 
view the Fiscal 1965 ASW package— 
drawn up and presented to Congress 
before either assumed his present posi- 
tion—and to recommend changes. This 
review has been completed and changes 
have indeed been made in the program 
—substantial enough so that the Navy 
has had to ask Congressional authority 
to reprogram funds. 

The nature of these changes has 
not been disclosed. However, the areas 
of chief concern to the Navy are 
known. 

@ What do we have?—A major ef- 


and sub-surface. Martell feels that a 
better understanding of these systems 
will yield some very real benefits. “It is 
extremely difficult,” he points out, “to 
reconstruct an ASW action. But it can 
be done and it can be very worthwhile.” 

There will be a concurrent drive, 
of importance to industry, to reduce 
the interfaces between ASW = subsys- 
tems. The “bits and pieces” approach 
of the past has yielded equipment 
which, although it can be made to work 
with other subsystems, does not add 
up to a total system “from transducer 
to weapon.” 

One Navy official puts it this way: 
“A sonar man is working on a very ad- 


Adm. Karaberis noted that Secre- 
tary of the Navy Paul H. Nitze is “con- 
cerned over the ‘bits and pieces’ ap- 
proach to ASW in the past.” 


CHIEF, NAVY PROCUREMENT ACTIVITIES 


BUREAU OF NAVAL WEAPONS 
DEPARTMENT OF THE NAVY 
WASHINGTON, D.C. 

TEL: OXford 6-7470 


Interests: Guided missiles, airframes and aircraft subsystems, 
armament and fire control equipment, electronic systems, nav- 
igation equipment, torpedoes and research and development for 
these items. 


BUREAU OF SHIPS 
DEPARTMENT OF THE NAVY 
WASHINGTON, D.C, 

TEL: OXford 6-3362 


Interests: Ships and ship repair, minesweeping gear, interior 
communications systems and electronic equipment including 
radar, radio, radiac, etc., navigation systems, sonar and small 
boats, including research and development needs for these sys- 
tems. 


BUREAU OF YARDS AND DOCKS 
DEPARTMENT OF THE NAVY 
WASHINGTON, D.C. 

TEL; OXford 6-3281 


Interests: Floating dry docks, cranes, power plants and perma- 
nent facilities (including real estate acquisition and disposal). 
Responsible for the Navy’s construction projects as well as 
maintenance and repair, including public utilities. 


fort will be mounted to determine the 
capabilities of equipment already in 
fire-control equip- 
_ment and platforms:—airborne, surface 


the fleet—sonars, 


vanced system and, in the past, he 
would assume that the fire-control man 
was developing a system to handle the 
outputs from this transducer and both 


SREY 


OFFICE OF NAVAL RESEARCH 
DEPARTMENT OF THE NAVY 
WASHINGTON, D.C. 
OXford 6-6650 


Interests: Basic and applied research, including fundamental 
studies in such fields as electronics, chemistry and physics. Also 
coordinates research programs of the technical bureaus. 


NAVY PURCHASING OFFICE 
TEMPORARY D BUILDING 
4TH ST. & INDEPENDENCE AVE., S.W. 
WASHINGTON, D.C, 


TEL: OXford 6-6900 


Interests: Missile containers, missile components, electric and 
electronic components, antennas, radar components, mine com- 
ponents, research and development, test and analytical services 
and material as requested by naval activities in the Washington, 
D.C., area. 


NAVY paps tase lial newddode 
929 SOUTH BROA 
LOS ANGELES 15, ALE. 
TEL: Richmond 9-4711 


Interests: General procurement for naval activities in the Los 
Angeles area, e.g., guided missile components, communications 
equipment, telemetry equipment and some research and develop- 
ment required by Pacific Missile Range activities. 
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assumed the weapons man was devel- 
oping a kill mechanism which would 
fit with the other two. The first time 
the three pieces of equipment got to- 
gether was on the dock and that is no 
place to resolve interface problems.” 

“We hope to reduce the interfaces 
to one—between a completely inte- 
grated ASW system and the platform 
which will carry it,” he added. 

A major step in this direction was 
taken with the initiation of the A-New 
program—an effort to provide an inte- 
grated ASW system for aircraft. The 
Fast-Reaction Integrated Submarine 
Control (FRISCO) is expected to pro- 
vide the basis for the design of an inte- 
grated control system for submarines. 
It is expected that a surface-ship pro- 
gram similar to the other two will be 
undertaken. 

@ Making it better—In addition to 
integration of existing subsystems, a 
major source of business will lie in 
increasing the reliability, maintainabil- 
ity and at-sea operational readiness of 
already installed equipment. Although 
ASW equipment is sophisticated, Navy 
officials feel that much more can be 
done to “give our ASW forces equip- 
ment that will work more reliably at- 
sea”—and that can be maintained by 
Navy specialists or equipment opera- 
tors. 

An effort to upgrade the reliability 
of ASW equipment is pointed up dra- 
matically in the Secretary of the Navy’s 
directive creating the Anti-Submarine 
Warfare Systems Project. One of the 


U.S. NAVAL SUBMARINE BASE 
NEW LONDON 


GROTON, CONN. 
TEL: 449-3011 


Interests: 


and sound-insulation engine mounts. 


NAVAL AIR DEVELOPMENT CENTER 


JOHNSVILLE, PA. 
TEL: OSborne 5-7000 


purposes of the directive is “to obtain 
increased emphasis on ASW projects 
in development, production and fleet 
support in order to have all ASW sys- 
tems planned and presently in ships, 
submarines, aircraft and fixed installa- 
tions fully capable of operation at de- 
signed potential at the earliest practi- 
cable date.” 

An analogous program is Adm. E. 
T. Reich’s “get well” campaign for the 
antiair weapons Tartar, Talos, Terrier. 
This effort, which is progressing well, 
Tepresents an investment of over $275 
million to correct the operational de- 
ficiencies of the three missiles. This is 
over and above the $1.4 billion invest- 
ment that the Navy paid to develop and 
deploy the systems. 

A comparable effort may be re- 
quired to enhance the capability of 
present ASW systems. 

@ New business—Initial emphasis 
in the development of new ASW equip- 
ment will be in the areas of sensors, 
signal processing, classification and fire 
control—and essentially in that order 
of importance. As former Assistant Sec- 
retary of the Navy for R&D, James H. 
Wakelin, told Congress, “our ability to 
kill is much better than our ability to 
detect and classify.” 

Reflecting the almost universal Navy 
belief that no scientific break-throughs 
are available in ASW, the stress is on 
developing “from scientific principles 
the best engineering capability in the 
(sonar) area that we can.” 

There are five major programs in 


asdic systems in the “65 budget: a sub- 
marine sonar for the 1970 time period; 
a new passive-type sonar; a deep-sub- 
Mergence sonar for deep-diving Dol- 
phin experimental submarines; improve- 
ments in the reliability and maintaina- 
bility of the BQQ-1 sonar now in use; 
and incorporation of performance im- 
provements in the BQQ-1 incorporating 
state-of-the-art advances since the ini- 
tial design. 

Variable-depth transducers are receiv- 
ing major attention. Three sonars are 
involved: the VDS SQA-10 now in the 
fleet will be improved, and there will be 
operational evaluation of a new system 
and a system suitable for Seahawk-type 
destroyer escorts. New potential has 
been discovered recently in VDS and 
the Navy wants to exploit it. 

Surveillance systems, the most clas- 
sified area in ASW, apparently also 
are involved in stepped-up ASW activ- 
ity. Caesar and Colossus, passive detec- 
tion schemes, have been tested on the 
East and West Coasts. A network of 
passive listening devices is likely to be 
installed along the continental shelf on 
both coasts. Radio-isotope power sup- 
plies are under consideration for an 
operational system. 

Active detection schemes, based on 
Artemis, are extremely promising. The 
difficulty appears to be a controversy 
over the advisability of an active sur- 
veillance system whose location can be 
pinpointed by the enemy. One Navy of- 
ficial asserts that it is possible “to en- 
sonify the entire East coast” out to 


connection with missiles, rockets, etc. 


U.S. Ov DEFENSE LABORATORY 


Submarine equipment and supplies, alarm and signal 
systems, plastic and metal sonar domes, compressed gas cylinders 


AMA CITY, FLA. 
TEL: ADams 4-2281 


Interests: Underwater sound equipment, sound recording and 


reproducing equipment, electrical control equipment, radio and 


television equipment, instruments and laboratory equipment. 


U.S. NAVAL RESEARCH fae am 


WASHINGTON, 
TEL: JOhnson 3.6600 


Interests: Computers, navigational and flight instruments, engine 
instruments, experimental instrumentation telemetry, target sys- 
tems, solid-state electronics and electronic countermeasures. 


U.S. NAVAL BAGLOREN VA LABORATORY 
TEL NOrth 3- ati 


Interests: Experimental research and development services, mis- 
sile warheads and explosive components, engine accessories, 
woodworking machinery and equipment, metal working ma- 
chinery. 

U.S. NAVAL ORDNANCE LABORATORY 

SILVER SPRING, MD, 
TEL: 434-7100 

Interests: Miscellaneous electronic components, marine hard- 
ware instruments, laboratory equipment (microscopes, spectrom- 
eters, spectrophotometers and tachometers). 

U.S. Noakes ORDNANCE ae STATION 


A LAKE, CALIF 
TELS Ridgecrest 5-0111 


Interests: Research and development and testing equipment in 
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Interests: Chemicals, communications equipment, nuclear equip- 
ment, electronic components, insulating material, radio hard- 
ware, metals, optical equipment, material and equipment services. 


US. NAVAL AL OCEANOGRAPHIC OFFICE 
TEL; JOhnsen 8-9060 


Interests: Oceanographic shipboard systems, oceanographic 
synoptic systems, offset presses, zinc plates, lithographic inks, 
skid turners, electronic test equipment. 


U.S. NAVAL TRAINING DEVICE CENTER 
PORT WASHINGTON, N.Y. 
TEL: POrt Washington qe 3800 


Interests: Training aids and devices for Navy personnel. Includes 
procurement of hardware and research and development effort 
for training devices to simulate shiphandling, communications, 
gunnery, fire-control, operational flight training, weapons systems 
trainers, human engineering. Engineering services for various 
devices. 
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in part from the Navy’s need to quickly 


Navy Oceanographic Program 


and accurately determine range and ion Fiscal Year ion ‘ 
i but more impor- 
azimuth to a target, bu : P Research, Development Test & Evaluation. . oar Pe. Aan eae 30.1 38.7 44.6 
tantly from the need to classify a con- Operation and peiiiesenck, Navy....... PE ra G5o=cdccunac out 32.2 eer 
tact—whether or not it is a target. lf Shi SG di aaa esion, Nav ee oe Eos Sods ot aeergie Abia Be oe ‘ 
signal enhancement techniques and Military Personnel, Navy... BP eiscaacy IC 69 7.0 : 
high-capacity data-processing systems TOTAL.... . 888 88.1 1903 : 
can be developed for ASW, the Navy eet : 
hopes to increase the speeds with which 
ships can search a particular area. This 
eeomes ony eee pon ASW Program, New Obligational Authority, 
awk-type ships whose r . 
Rei Wisicscarei ee Research, Development, Test and Evaluation 
Data processing would be extremely asians Raat Re 
important if the Navy decided to de- gg : : hak 
; e Military Sciences.....---2.-2--00.0-5. 49.6 396 S806 S21 $8.8 
velop a complete ocean surveillance sys Aircraft & Related Equipment 168 180 306 491 684 
tem. However, one Navy Official told Missiles & Related Equipment. . 31.2 34.5 38.0 169 64 
Har SONOUTICE ns cine se Bee we weve eee ee wae a . ° « * 
M/R that such a system had been pos- Shipey Small Coote i Related Equipment ccc0.. 0... 798 814 1149 1412 1468 
tulated and costed and that although eee oa Vehicles & Related Equipment..... Le et oe S82 768 
i - Hpment ciao cc cco | ces 5 i ‘ é 
it was within the financial capaciy of Programwide Management & Support... --....... 16.0 dill 28.0 249 99:4 
the Navy to support, the system would TOTAL...c | oe 248.3 93929 3169 3501 3868 
be technically obsolete before it was Pe inst 


operational. It is possible that advances See 


maneenones 
Ee: 


Se a a OR NS RE 


in the state of the art over the past 
several years may have changed this. 

Classification equipment is also a 
market for future exploitation. Im- 
proved magnetic anomaly equipment, 
infrared, laser, radioactivity and ship- 
board signal analyzing systems. Pro- 
grams to counteract the magnetic field 
created by an aircraft, ship or submarine 
electronic systems are also coming to 
the fore. One program in this area is 
NUTMEG, a joint U.S.-Canadian ven- 
ture, which seeks to counteract the 
fluctuating magnetic field created by 
airborne sensor systems. 

Development of hydrofoil technol- 
ogy for ASW will have to wait the com- 
pletion of presently approved programs 
—such as the Ageh-l. This is a 320- 
ton hydrofoil research ship being built 
by the Puget Sound Bridge & Drydock 
Co. Scheduled for completion in No- 
vember, 1965, it is expected to yield 
information on the optimum design of 
large oceangoing hydrofoils and to 
evaluate tactical capability—particularly 
for ASW. 

Seahawk, the Navy stresses, is not a 
“dead program”—even though it has 
not been able to convince industry of 
this fact. Development of an advanced 
radar and the sonar mentioned earlier 
will continue, as will development of a 
data-processing system capable of the 
high search rates required. 

A ship that could fill industry’s 
definition of Seahawk is not likely to 
enter development much before the FY 
°69 budget. Inputs from the Ageh-1 as 
well as the preliminary design state of 
the subsystems for the integrated 
weapon will preclude its development 
for at least three years. 

Although some weapons develop- 
ment work will proceed, the emphasis is 
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decidedly away from development ef- 
forts in this area. Navy officials feel— 
as evidenced by Secretary Wakelin’s 
comment in connection with detection 
equipment—that kill mechanisms are 
the least of their worries. Developments 
in this area, as pointed out in the weap- 
ons story (see p. 65), will tend to place 
emphasis on conventional warheads for 
existing weapons. 

A very distinct marketing possibility, 
however, is the integrated ASW air- 
craft, which will be a follow-on to the 
A-new effort. This aircraft, as pointed 
out in the story on ASW sensors (see 
p. 54), is about two years away from 
release for industry competition. It 
would replace the S-2 tracker series 
of aircraft presently deployed on ASW 
carriers. 

Oceanography in the past has been 
a disappointing field for industry in the 
past. Despite the attention given this 
field three years ago, particularly in 
the TENOC plan, the large contracts 
that industry expected did not mate- 
rialize. This situation is not likely to 
change, since oceanographic instru- 
mentation is the major area of Navy 
interest. 

A major program—discussed but 
not approved as yet—would involve 
a large number of relatively sophisti- 
cated ocean buoys, such as Nomad, 
anchored in the oceans of the world to 
provide synoptic data on sea conditions. 
This data would be relayed to a satel- 
lite upon interrogation and re-transmit- 
ted to a shore-based station. Many Navy 
Officials feel that such a system is re- 
quired. 

@ ASW funding—Since Fiscal Year 
1961, the ASW budget has increased 
from $248.3 million to $386.5 million 


—more than 50%. As a percentage of 
the Navy research and development 
program, the budget has increased 
from 18 to 27%. 

Most of this increase has taken 
place in the aircraft category, reflect- 
ing expenditures on the SH-3A ASW 
helicopter and the P-3A shore-based 
aircraft and the systems carried by these 
planes. The only other category which 
has increased substantially is Ships and 
Related Equipment. Most of this in- 
crease is related to work on hydrofoils 
and the ship-silencing program. 

Ordnance increases are accounted 
for by the Mark 46 development and 
the increased costs associated with the 
development of Subroc as a result of 
the Thresher loss. 

Although the chart shows an in- 
crease of almost 50% for the Navy’s 
oceanographic program, this figure 
should be regarded with some skep- 
ticism. 

As pointed out in the oceanography 
section, the Navy asked for $106.9 mil- 
lion in Fiscal 1964. The Congress did 
not cut this request, but did make an 
across-the-board cut of 3% in the 
RDT&E category. The Navy applied 
this cut to oceanography, reducing the 
1964 program to $88.1 million—cut- 
ting far more than 3%. Two-thirds of 
the 1965 budget will be applied to 
RDT&E and operation and mainte- 
nance. 

@ Procurement note—There are no 
purely ASW procurement centers in 
the Navy. Rather, the major bureaus 
and ordnance installations handle such 
developments as a part of their normal 
operation. A list of the principal cen- 
ters involved in work of this kind is 
included in the accompanying chart. @ 
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Somewhere in the North Atlantic 
somewhere in the Pacific : 
somewhere under the Arctic Icecap 
cour nuclear subs are deploying 
dispersing 

maneuvering. 

In each of them 

140 men are living 

and working . 

ina Science-fiction world 

that would astound Jules Vennss 


a Bomnewhere in Charleston County, South Carolina 


‘ina red brick building miles from the nearest water 
alternate crews are working at the same jobs 
solving the same problems. 

Their incredibly realistic trainers 

simulate every operation 

every condition 

every pitch ~— 

every roll 

every possible emergency. 

exactly like the real thing. 

Another hydrospace project for the U. S. Navy. by 

: Republic Aviation Corporation 
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IWO OCEANS, 
one discipline 


60 fathoms down or 60,000 miles out —in the new ocean 
of space —men and machines are far from port. There 
are no lines of supply to ships on station or to satellites 
in orbit. Reliability must be built in; self-reliance must 
be total. 

Although an old story for subs and ships, it is new for 
spacecraft. Until now, satellites had limited working lives; 
their productive time was measured in hours and days. But 
TRW Space Technology Laboratories changed this picture 


with its Nuclear Detection Satellites. These space sentries, 
orbiting 60,000 miles out to detect nuclear explosions, have 
performed far beyond expectations — setting a record for 
spacecraft reliability. 

The discipline of space, demanding reliability and 
longevity, is a TRW discipline. TRW has built more kinds 
of spacecraft than any other manufacturer. It has had a 
major responsibility in 90% of all U.S. space launches. 
These vehicles will never see drydock, 


TRW space TECHNOLOGY LABORATORIES 


THOMPSON RAMO WOOLDRIDGE INC. 


ONE SPACE PARK 


REDONOO BEACH, CALIFORNIA 


AT RAYTHEON’S Anti-Submarine Warfare Center, Portsmouth, 
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N.H., transparent sphere helps locate transducers on nuclear subs. 
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Detection, Classification Are Key Jobs 


Lower frequencies seen for sonar; attention to target classification 
problems paying off, but broader capability needed 


DEVELOPMENT of detection 
equipment for the U.S. anti-submarine 
warfare (ASW) effort falls into three 
broad categories: underwater active and 
passive sonar systems for surface ves- 
sels and submarines, airborne search 
and sensing systems for fixed-wing 
shore- and carried-based aircraft and 
helicopters, and an expanding program 
of fixed deep-water listening arrays. 

Associated with these major areas 
are expanding programs in study of new 
sonar systems and ASW roles for deep 
submersible vehicles, satellite data-col- 
lection potential, and the entire area of 
undersea communications to link sub- 
marine forces with surface vessels and 
aircraft. 

Stretching across all areas is the 
second-step problem of classification 
(and localization) , which embodies most 
of the new signal processing and data- 
handling techniques being applied to 
ASW. 

@ New sonars—The next round of 
improvements in the Navy’s sonar de- 
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tection capabilities will come from two 
new systems now undergoing opera- 
tional evaluation—the SQS-26 sonar for 
destroyer-type vessels and the BQQ-2 
for Thresher-class attack submarines. 

Both of these systems, according to 
the Navy, ‘have demonstrated their 
capability of detecting submerged sub- 
marines at several times greater ranges 
than any previous equipments.” Both 
sonars are also the first capable of mak- 
ing detections using convergence-zone 
techniques and deep-water bottom- 
bounce methods, which are the long- 
range sound-propagation modes efiec- 
tive against nuclear submarines. 

The SQS-26 is a hull-mounted cir- 
cular-transducer-array system, employ- 
ing several hundred barium titanate 
ceramic antenna elements, or staves, in 
the array. The SQS-26 is also believed 
to include a degree of solid-state cir- 
cuitry, which is now beginning to 
heavily penetrate the sonar field, in the 
individual transducer amplifier sections. 

The SQS-26 has been produced in 


two initial buys by both General Elec- 
tric’s Light Military Electronics Dept. 
(ILMED) and the Edo Corp. The two 
firms are now reportedly competing for 
the third and largest buy of the system 
to date. 

The BQQ-2 is actually the designa- 
tion for an integrated system consisting 
of several elements built around the 
BQQ-1. Raytheon Co. holds the prime 
contract. The system includes a Ray- 
theon BQS-6 active and passive spheri- 
cal array sonar, an Edo BQR-7 passive- 
only conformal hydrophone array, and 
a BQQ-3 classification sonar which is 
actually a black box rather than a sepa- 
rate sonar array. 

The latter is considered a predeces- 
sor for the future widespread introduc- 
tion into the fleet of sonar frequency 
analyzer-comparator systems that even- 
tually will replace the sonarman’s rather 
hard-to-define data-storage base. The 
BQQ-2 also includes a Raytheon under- 
water communications system. 

The BQQ-2, designed to operate 
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with the Subroc missile, has reportedly 
ranged to the current maximum range 
of the missile, estimated to be on the 
order of 30 miles. The ability of the 
crew to classify at these ranges, how- 
ever, is subject to the variations already 
noted. 

® De-bugging needed—The BQQ-1 
was described in Congressional budget 
testimony by the Navy as “not wrung 
out.” The Navy said that although the 
system is already operating in the fleet 
“and doing some very fine things,” it 
had not yet arrived at what it hoped to 
be the ultimate model of this sonar. 
Firm plans and specifications for the 
BQQ-1 will be available by January, 
1966. Industry sources say more than 
200 field changes have been made in 
the overall BQQ-2 system thus far. 

Weapons experts point out that 
Subroc is still a highly effective weapons 
system even if not fired at its maximum 
range, and there are other weapons that 
fill the gap between the minimum range 
at which Subroc can be fired and the 
maximum range of alternate weapons. 
In any event, lack of new progress in 
detection and classification is likely to 
inhibit new long-range weapons systems 
development. 

Both of these sonar systems also 
require smaller measurement systems 
for support, such as thermal layer sens- 
ing devices and depth and height (for 
operating under the Arctic ice) finders. 

® Variable depth sonar—The SQS- 
26 does not include a lowered and towed 
variable depth sonar (VDS), but there 
are VDS systems under development 
that could operate with it. The fore- 
runner of the SQS-26 system is the SQS- 
29 sonar, made by Sangamo Electric 
Co., which is the standard sonar cur- 
rently in fleet use for destroyer (DD), 
escort, and cruiser vessels. There are 
still some earlier Sangamo SQS-29 
sonars in the fleet on some DD’s. The 
SQS-29 series did operate with a VDS, 
the SQA-10. 

The Navy has supported develop- 
ment and is now evaluating anew VDS 
system, the SQS-35, which if it were 
produced in quantity would probably be 
in fleet use in a few years. The 35, also 
made by Edo, is believed to weigh about 
10 tons—a major weight reduction from 
earlier systems. It is a self-contained 
system in that it carries its own trans- 
mitter and need not use the transmitter 
mounted in the ship’s hull. Size of the 
35 has reportedly been shrunk through 
introduction of integrated electronics. 

While VDS has been around at least 
experimentally since the 1940’s, only in 
the past four years has it gone into the 
fleet operationally. By first making 
measurements to determine the depth of 
isothermal layers, the VDS can then be 
lowered below these levels and towed 
to penetrate areas difficult for straight 
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hull-mounted sonars to penetrate. 

Development of a lighter weight sys- 
tem (present ones are believed to weigh 
about 20 tons) would remove the con- 
straints on ships imposed by the heavy 
stern-mounted hoisting equipment. This 
would allow smaller vessels that cannot 
Row carry VDS to do so, and might also 
allow other surface ships, which do not 
now have a hull-mounted sonar, to add 
an undersea detection capability. 

While nuclear attack submarines are 
currently viewed as the best single 
weapon against another nuclear sub, 
development of improved VDS would 
add greatly to surface ship capability 
when added to the speed the surface 
ship can make with relatively little effect 
on its ASW proficiency in comparison 
to a sub moving at high speed. 

There is also the problem of a sub- 
marine detected below a layer being 
lost by another sub. The target could 
go above the layer or go totally unde- 
tected because of the layer. This is why 
ASW is truly a task force operation for 
many situations. 

Another new surface sonar system 
is the SQS-36, also being evaluated by 
the Navy. This system, also developed 
by Edo (a small firm with a major 
chunk of ASW funding) with Navy sup- 
port, is for smaller coastal and patrol- 
type craft. 

Whatever the fate of the Seahawk 
program (M/R, Aug. 24, p. 16), or a 
follow-on destroyer-vessel, the next class 
of ASW ships will have on it a new 
type and differently shaped (conformal 
or linear) sonar array, though still not 


classed as a breakthrough by industry 


sources. Such a development effort 
would likely involve several contractors 
in a program-definition phase. 

@ Passive systems—In surface and 
sub-mounted sonar, two new passive 
systems are also coming into fleet use. 
One is an outgrowth of the PUFFS 
(Passive Underwater Fire Control Feas- 
ibility Study) program. This system is 
already installed in some submarines 
and is said to be yielding greatly im- 
proved capabilities. 

The other is the PADLOC (Passive 
Active Detection and Location), or 
SQR-13 sonar, designed for surface ship 
use. Both of these systems basically do 
the same thing—allow for a range solu- 
tion using passive sonars, a long-sought- 
after capability under serious develop- 
ment for the past four years. The sys- 
tems are believed to use single-ship 
trilateration techniques. Both systems 
are built by Sperry-Rand Corp. The 
Navy requested $2.1 million in FY ’65 
for a single development model of the 
SQR-13. 

To overcome the disadvantage of a 
short baseline on a single ship, two 
ships acting in concert can be used. 
These ships can use a longer baseline 


between each other and thereby con- 
siderably extend the maximum range of 
both PUFFS and PADLOC. 

One of the reasons passive ranging 
is so important to submarine ASW 
capabilities in particular is that it may 
allow the skipper of a sub to back off 
in some situations from the use of active 
ranging. While active systems are be- 
coming highly refined, a sharp sub crew 
will know when it is being ranged upon 
and consequently insiders say subma- 
riners are often reluctant to use active 
systems. 

Despite this, the Navy can’t cut back 
on development of active systems be- 
cause as the enemy’s sub fleet goes pro- 
gressively nuclear and improves its 
ability to operate quietly, the subs be- 
come increasingly more difficult to de- 
tect by passive techniques. 

Edo has also developed the SQS-33 
sonar, which is designed for hydrofoil 
use, an area that now has about as 
many problems (high speed towing is 
just one) as it has potential. The sys- 
tem is being evaluated on the Boeing 
PCH-1, the Navy’s first hydrofoil sub- 
chaser, and is also said to be slated for 
test aboard the Navy’s 300-ton Ageh 
foil, due to be completed in February, 
1966, by the Puget Sound Bridge and 
Drydock Co. 

Polaris boats have spurred develop- 
ment of what is described as a new 
and sophisticated conformal sonar ar- 
ray said to include advanced solid- 
state receiver circuitry. Two divisions 
of the General Instrument Corp. were 
recently awarded ‘Polaris Flags” for 
the development, which cost about $9 
million. 

Although classified, the system has 
been described as non-tactical and may 
not even go aboard Polaris, even 
though it is believed that the relatively 
short-range LF system may form the 
basis for a new __ terrain-following 
sonar. Four systems have been built 
and one is now under test aboard the 
USS Compass Island. 

@ Sonar trends—There are several 
trends apparent in sonar design. For 
one, the march to lower frequency op- 
eration for better acoustical propaga- 
tion will continue, probably moving 
through the VLF range into the ELF. 
While own-ships’ noise inhibited World 
War II subs from going too low in 
frequency, nuclear subs can operate 
considerably more quietly. Low-fre- 
quency operation is also said to be less 
inhibited by attenuations resulting from 
dome-type transducer housings located 
beneath or around the hull. 

As subs go deeper, the sonar pat- 
terns generated become more stable. The 
bending of rays downward caused by 
decreasing temperatures, explains a 
Sperry scientist, combine with the up- 
ward bending movements caused by 
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higher pressures to form the so-called 
sound channels, in which LF noise can 
travel literally for hundred of miles. 

At lesser depths, these thermal 
gradients tend to act on sonar beams 
to reflect and refract them in such a 
way as to create “shadow zones,” zones 
in which only powerful sonars will have 
limited penetration. These make excel- 
lent hiding places for subs. 

Combined with this will be substan- 
tial efforts to get more and more power 
into the water. While WW II subs got a 
maximum of 800 watts output power, 
state-of-the-art sonar transmitter sys- 
tems are now said to be capable of 
generating several hundred thousands of 
watts. 

Part of the power problem is linked 
to increasing the sub’s operating depth. 
If the sub can go deeper as materials 
improvements come about, increased 
pressures will allow greater amounts of 
power to be pumped into the water 
without causing the cavitations that 
come with too much power, and re- 
duced detection capabilities, at lesser 
depths. 

To multiply transmitted power be- 
yond current levels, new transmitter ar- 
rays are being developed that will re- 
place the single large systems that have 
characterized fleet sonars in the past. 
The Navy is pursuing this type of multi- 
element transmitter approach, which 
would introduce more transmitter con- 
trol and also probably ease the intro- 
duction of more solid-state componentry 
into the transmitter area in the future. 
These transmitter elements would prob- 
ably each act with a group of antenna 
elements that make up the transducer 
array. 

® Transducer potential—In the 
transducer array area, the Navy is ex- 
pected to move more and more into use 
of electronically scanned, fixed, multi- 
element systems. These will use nar- 
rower, high-power pre-formed beams, 
possibly with individual solid-state re- 
ceivers on each channel and arranged 
in shapes other than the cylindrical pat- 
tcrn used most thus far. New and larger- 
area spherical, linear, and conformal 
arrays are expected. Increasing the size 
of the transducer surface is another way 
to get more power into the water. 

Use of electrostrictive ceramics, 
such as barium titanate, for transducers 
is also expected to increase. 

Numbers of transducer array ele- 
ments have already increased from the 
few dozen used in early arrays to over 
a thousand, for example, in the BQQ-2 
active sonar and probably several hun- 
dred in the SQS-26. Attempts will also 
be made to improve the efficient use of 
the elements to form the directional 
beams for both passive and active sys- 
tems. One industry engineer says that 


| now about three-eighths of an array is 
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used to form a useful beam and receiver 
pattern. 

Use of more directional transmis- 
sion to get a much larger portion of 
the signal back is now highly important, 
especially for bottom-bounce. While 
early systems were made up of roughly 
48 beams, each with a beamwidth of 
about 714 degrees, newer systems, using 
microelectronics, with several hundred 


_.beams and beamwidths of a fraction 


of a degree, are now being studied by 
industry. 

One contractor told MISSILES AND 
ROCKETS that systems with 1,000 beams 
could reasonably be expected 5-10 years 
in the future. Narrowing the beam width 
increases the information content and 
resolving power of the beam and cuts 
the noise but also may create associated 
display problems for the crews because 
of the large amount of data that would 
be generated. 

® Displays needed—There is a good 
market in the ASW area for advanced 
displays able to function with these sys- 
tems. One industry scientist says that 
seven bits per sec. is about all the hu- 
man can handle, while advanced sys- 
tems may be turning out data measured 
in hundreds of thousands of bits. Also 
associated with more narrow beams are 
larger antennas that relate to the study 
of new transducer shapes and the trade- 
offs with marine architecture that can 
be engineered in the interests of im- 
proved sonar. 

While new transducer arrays~ are 
definitely here, they are not without 
their problems, according to experts in 
the field. Spacing between elements 
must be carefully controlled to avoid 
beam interractions. There are also 
studies underway to determine why un- 
equal loading of elements in an array 
occurs, its relationship to its position in 
the array, and its effect on the beam. 
Transducer waveguide breakdown at 
very high pressures is also being studied. 

The Navy will also continue to seek 
improvements in the overall efficiency 
with which transducers convert electri- 
cal energy to acoustical, and vice versa. 
WW II transducers were about 15-30% 
efficient. Today’s devices have reached 
about 70% in some cases. Some weigh 
up to 90,000 Ibs. 

Use of solid-state circuitry in new 
fleet sonars like the BQQ-2 in some 
cases will reduce equipment space and 
weight requirements by almost 90%. 

Emphasis will also be placed on de- 
pression and elevation control of sonar 
beams, particularly for surface vessels 
where stability is believed to be some- 
what more of a problem than it is with 
submarine sonar. 

@ Beyond pulsed systems—While 
ASW sonar has been almost exclusively 
designed around pulse transmission sys- 
tems to date, Navy sources say there 
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may be other than pulsed systems used 
in the future. Continuous transmission 
FM-type systems and so-called side- 
looking sonars, for example, have al- 
ready been developed, but thus far have 
been associated mostly with shorter- 
range higher-frequency high-resolution 
sonars used in deep-diving research ve- 
hicles for detailed bottom measurements. 
The techniques may be applicable to the 
more traditional ASW roles in the fu- 
ture. 

There are also believed to be other 
classified techniques under study. 

Within the pulse field, the Navy is 
also known to be exploring other rather 
unconventional pulse transmission with 
“special character” signals and even 
multiple, but separated, signals operat- 
ing in the same LF range. Use of two 
signals could improve signal correlation 
through comparison and could also act 
as insurance against interference at one 
frequency. The two-frequency concept 
has already been applied to side-looking 
sonar. 

Side looking and CTFM sonars are 
believed to have bearing resolutions on 
the order of a fraction of a degree when 
operating in a high-resolution mode, 
and range resolution measured in inches. 
This capability may extend to ranges of 
a few hundred yards. These sonars have 
a search mode that goes much farther 
but at reduced resolution, although the 
range is still short in comparision to 
ASW-type systems. 

Use of lasers as an underwater asso- 
ciate of sonar is still not too palatable. 
Range of these devices operating in the 
blue-green portion of the spectrum is 
believed to be limited to some 1,500 ft. 
under certain sea water conditions. 

A laser has been mounted on the 
periscope of a submarine to test its effec- 
tiveness as a ranging device. 

@ Refinements required—Related to 
new transmission technique, industry 
Officials also point out the need for im- 
provements in the fire-control problem, 
particularly with active systems in which 
effective automatic target tracking gets 
even more difficult as higher-speed nu- 
clear submarines join a potential enemy 
fleet. 

The problem essentially is one of 
time. Acoustical pulses traveling through 
water move at a round-trip time equal 
to about 800 yards a second, which 
means that it takes some 50 seconds to 
make a round-trip pulse and echo from 
a target 40,000 yards distant. 

Fire-control errors on the order of 
several degrees are not good enough, 
given the speed of nuclear subs and the 
weapons systems requirements. Systems 
on the order of a fraction of a degree 
error are believed necessary. 

There are also other problems asso- 
ciated with new sonar developments. 
One is the need for better underwater 
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test ranges where sonars can be more 
precisely calibrated. One contractor esti- 
mates that only a fraction of a degree 
of sonar error is caused by the acousti- 
cal path and that the largest portion is 
caused by hardware problems directly 
related to poor calibration and mainte- 
nance procedures or facilities. 

Another problem one contractor 
privately reports is that testing of sonars 
aboard Navy vessels can be difficult at 
times, since the vessel remains under 
Navy control and conflicting and often 
unpredictable Navy-related assignments 
or problems can set back data-collec- 
tion timetables aboard ship. 

There is also a need for more pre- 
cise instruments for accurate predictions 
of sea conditions affecting sonar per- 
formance. Bathythermographs are used, 
for example, to determine the depth to 
which VDS systems should be lowered, 
in addition to other measurements 
necessary for more conventional hull- 
mounted sonars to be properly cali- 
brated. 

Industry sources also say improve- 
ments need to be made in the type of 
sonar charts supplied to ASW crews. 
These charts, experts say, must include 
all modes of propagation now used by 
the fleet, and must also provide very 
important information on the propaga- 
tion-loss fields associated with various 
areas. The job of interpreting current 
charts is also judged to be far too com- 
plex. 

The oceanography problem cannot 
be separated from ASW. Knowing good 
and bad sonar operating areas and hav- 


-ing accurate data of temperature pro- 


files, salinity, and bottom characteristics 
are invaluable assets to a submarine 
commander. 

@ Target classification—The classifi- 
cation problem, that of determining 
what type of a target signal has been 
plucked from the incoming acoustical 
energy, has experienced a major increase 
in attention in the past two years that 
has paid off handsomely, say Navy and 
industry sources. 

It is expected to continue to get even 
more emphasis as it becomes clear to 
systems designers that whatever gains 
in db can be made to improve a not 
very favorable signal-to-noise ratio are 
to be found in careful attention to the 
manner in which the incoming signal is 
received, processed, and displayed. 

In the typical ASW problem, experts 
say that the signal level is virtually the 
same as the noise. The problem basi- 
cally boils down to picking a patterned 
Tesponse out of the random noise. To 
do this, the Navy has made major in- 
roads with new filtering and interference 
rejection schemes and has also sought 
to apply basic information theory to 
sonar with some success. Classified 
studies are under way in industry aimed 
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at exploring the possible application of 
signal-processing techniques used in 
missile technology, radar, seismology, 
and optics to the sonar problem. Sev- 
eral of these techniques reportedly show 
some promise, and may lead to simpler 
means to accomplish these tasks. 

@ Broader capability needed—At 
the heart of the classification problem 
is the growth of the basic sonar sensor 
to cover larger volumes of water, return 
higher volumes of data, and operate at 
lower frequencies that eventually could 
take detection completely out of the 
sonarman’s audible range. In addition, 
the reaction time of new submarines and 
weapons demand faster solutions. 

To meet this, the Navy is studying 
several data “quantizing” approaches in 
which low-level signals are accumulated 
and recorded, and then the signatures 
are compared with a stored sonar signa- 
ture profile. 

Improvements in microelectronics 
and added flexibility of new digital 
computers are expected to speed this 
type of system into fleet use, although 
there are several questions left unsettled 
concerning the types of storage used 
and the extent to which optical data 
processing can be used rather than the 
solid-state digital techniques. 

Use of a computer in a so-called 


classification sonar allows the system to 
look for clues in an incoming signal, 
evaluate them, compare them to a data 
base, and perhaps recommend changes 
in the mode of operation. 

Navy officers stress that the entire 
question of accurate classification is still 
intimately linked to an improved under- 
standing of the ocean environment, as it 
is in detection, particularly when using 
bottom-bounce. They also note that if 
the medium will support some of the 
new “special character” acoustical sig- 
nals being studied, there may still be a 
few extra db left to somewhat ease 
the press for better signal-extraction 
methods. 

@ Other classification aids—In ad- 
dition to basic sonar inputs, the Navy 
also uses certain ECM equipment and 
magnetometers for the classification 
solution. In addition to the BQQ-3 
classification sonar already mentioned, 
at least two other new classification sys- 
tems are under development. 

One is the SQQ-14 underwater ob- 
ject classification equipment, which will 
be bought for the first time in FY ’65. 
This is believed to be a surface vessel 
system. There is also a program known 
as “Aspect,” which ts not an acronym 
as so many of the ASW programs are, 
but actually refers to a “gadget,” rather 
than a system, which can yield infor- 


mation on the aspect or attitude of a 
target. 

Airborne sensors also play a major 
role in the ultimate classification of a 
target (see page 54). Acting by them- 
selves, however, ASW aircraft probably 
have the most difficult classification 
problem, according to observers, with 
the surface ships next and subs having 
the easiest task, relatively speaking. 

The need for new and better training 
devices is also vital to improved classi- 
fication competence. 

@ Long-range listening—lIn addition 
to its surface ship, submarine, and air- 
borne ASW network, the U.S. has also 
embarked on an extensive program of 
long-range deep-water ocean surveil- 
lance using an assortment of both active 
and passive systems, usually in conjunc- 
tion with fixed, bottom-mounted listen- 
ing arrays. 

The overall program for this type 
of surveillance has been given the code 
name TRIDENT. The program, begun 
in November, 1959, is actually the im- 
plementation of the Navy’s Atlantis 
study, completed in March of the same 
year, which determined that this type 
of underwater surveillance was both 
technically and economically feasible. 

Within TRIDENT, or growing out 
of it, there are currently believed to be 
at least three major programs: AR- 


TEMIS, CAESAR, and COLOSSUS. 

The ARTEMIS program, adminis- 
tered by the Office of Naval Research, 
has been described as an experimental 
R&D program using active detection 
schemes. The program includes an enor- 
mous 30-ton sonar transducer, built by 
Massa Div. of Cohu Electronics, Inc., 
which is carried aboard the USNS Mis- 
sion Capistrono. It is lowered into the 
ocean via a well in the ship to gather 
data in combination with a large bot- 
tom-mounted array. The ARTEMIS 
program is still believed to be basically 
an R&D effort not involving procure- 
ment of operational hardware. 

Using extremely high power, AR- 
TEMIS operates in the VLF band of 
the electromagnetic spectrum. Its power 
requirements are estimated at the 
equivalent of those for a city of 50,000. 

In 1961, before the project became 
even more highly classified, Navy offi- 
cials testified that the ARTEMIS trans- 
ducer has detected “everything that 
moved beneath the surface of the sea 
for 500 miles.” There is little doubt 
that the system is being refined and con- 
sidered for installation on the littoral 
of the U.S. 

One Navy official, comparing AR- 
TEMIS to such early warning systems 
as BMEWS and DEW line, advocates 
use of active coastal surveillance sys- 


tems on the grounds that the enemy 
knows they are there, and if one is 
destroyed, it provides the same warning 
as though the enemy had attacked the 
US. 

® Rome and Greece—The CAESAR 
program and COLOSSUS are both re- 
lated efforts, the latter an extension of 
the former. They are both essentially 
passive long-range listening arrays, 
linked to ships and shore stations, and 
aimed at U.S. coastal surveillance and 
localization of targets. 

Some $29.6 million is programmed 
in the FY ’65 budget for “continental 
and ocean defense for the CAESAR 
program.” However, budget testimony 
also reveals that $21.7 million of 
FY ’64 funds related to the “extension 
of CAESAR” were held up primarily 
because of studies in the Defense Secre- 
tary’s office, which indicates the pro- 
gram has undergone some change in 
emphasis or direction during the past 
year. 

COLOSSUS is a longer-range ver- 
sion of CAESAR to be installed along 
the West Coast where the continental 
shelf is only about 20 miles wide. If 
the system proves effective, it will also 
be installed along the East Coast. The 
reason for the less urgent requirement 
for East Coast installation is primarily 
one of geology. The continental shelf 


in the East is 150 miles wide, which 
allows installations of a passive listening 
system at greater distances from the 
shore. 

The Atomic Energy Commission is 
performing a study of the use of radio- 
isotope power supplies for passive sur- 
veillance systems. One of the problems 
has been that the systems, linked by 
underwater cables, can be put out of 
commission if the cable is broken or 
fouled by underwater organisms. Atomic 
power would eliminate the cables and 
allow direct transmission of surveillance 
data to the shore. 

Industry experts point out that even 
the decision as to how many hydro- 
phones to hook up in an array is most 
critical in determining S/N perform- 
ance, since collective hydrophone noise 
can mask a target. 

While some undersea TRIDENT 
constructions have been made and 
some systems have been tested, the 
extent to which any of these systems 
have been put into operation is highly 
classified. TRIDENT has yielded vast 
amounts of data and is aimed at some 
operational status in the not-too-distant 
future. 

The Navy is very keenly aware of 
the potential of fixed listening systems 
placed at the proper strategic spot to 
provide the vital initial clues to the 


Problem: To develop and qualify a revolutionary emergency ballast 
expulsion system for America’s nuclear submarines. This was the 
assignment of the U.S. Navy to Lockheed Propulsion Company. 


Space-tested propulsion for 


sea-ballast expulsion 


The system will use solid propellant gas generators to pressure-expel 
tons of sea water from the sub’s ballast tanks—at least ten times faster 
than present air pressure methods. Result: Vast improvement in vessel 
and crew operating safety. 


Thus LPC —already a leader in developing space life-saving systems 
for America’s Mercury and Apollo astronauts —finds itself immersed 
in safety systems for deep-sea submarines. 

In other fields, LPC has successfully test-fired a massive 156-inch diam- 
eter solid rocket motor for the Air Force. The huge motor produced 
almost 1,000,000 pounds of thrust; and, in the process, demonstrated 
several new advances in solid propellant and rocket technology. 
PROPULSION ENGINEERS & SCIENTISTS: These wide-ranging, expanding 
programs offer excellent career opportunities for men qualified in 
research, engineering, product assurance and manufacturing. We invite 
you to write: Professional Employment Manager, Department 5209, 
P.O. Box 111, Redlands, California. An equal opportunity employer. 


LOCKHEED PROPULSION COMPANY 


REDLANDS, CALIFORNIA * A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 
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scope Co. illustrates downward bending of 
transmitted sonar beam caused by gradual 


U.S. surface, air, and sub-surface ASW 
force as to the extent and location of 
enemy submarine activity even in 
peacetime. 

It is also well known where the 
Soviet submarine bases are and what 
bodies of water must be traversed for 
them to get to the open seas. Barrier 
systems strung across these routes are 
one obvious application. Another is 
barriers in the so called “light blue 
water” areas of the ocean, which would 
have the effect of forcing an enemy to 
operate in areas that Vice-Admiral John 
S. Thatch, Deputy Chief of Naval Op- 
erations, Air, calls a “sea of thick 
molasses.” 

The Soviets, faced with probably 
a much more severe ASW problem 
than the U.S. because of the imme- 
diate Polaris threat, have also recently 
boasted of development of “small 
radio-hydroacoustic buoys” located in 
the sea that can locate a Polaris-type 
submarine in the Arctic Ocean. USN 
sources regard the report as an ex- 
aggerated performance claim for a con- 
ventional sonobuoy (M/R, Aug. 24, 
jo Ne 

@ Deep submersibles—The Navy’s 
program in the development of deep 
submersible vehicles could also play a 
part in deep-water listening, and pos- 
sibly even the attacking capability of 
the future ASW force. While current 
subs can Operate somewhere below 400 
ft., experts believe this will go to a 
several-thousand-foot depth capability 
by the 1970’s. A profile of the ocean 
depths reveals that about 20% of it 
runs to about 6,000 ft. and 85% to 
about 20,000 ft. 

Deep diving vehicles, or DDV’s, 
could conceivably aid in a number of 
tasks related to underwater fixed arrays, 
including site survey, construction, 
maintenance, and, very significantly, as 
target vehicles during checkout opera- 
tions. Looking further into the future, 
some observers feel these vehicles would 
eventually lead to a second-generation 
deep-water surveillance system, which is 
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mobile rather than fixed, and which re- 
moves the hazards to fixed systems once 
they are discovered, and possibly de- 
stroyed, by an enemy. 

Operating from great depths as an 
ASW vehicle would also allow DDV’s 
to take advantage of listening in the 
very deep sound channels through 
which LF noise travels even farther than 
in more shallow environs. Also, sonar- 
equipment devices would have a look- 
up capability and could probably oper- 
ate even offensively against more con- 
ventional subs with relative immunity 
to counterattack or detection. 

® Airborne ASW—Improvements in 
the Navy’s airborne vehicles and on- 
board equipments will also keep the 
ASW aircraft as a vital member of the 
ASW hunter-killer groups. 

Thc basic need for airborne systems 
has been and continues to be a good 
long-range radar-type detection system 
able to penetrate the water. Such a 
system remains to be dcveloped, al- 
though very powerful electromagnetic 
transmissions can penetrate to very lim- 
ited ranges. 

The major progress in airborne sys- 
tems will come via improvements in 
the range and power of the new sono- 
buoys and dipping sonars used, in com- 
bination with a vast increase in signal 
processing techniques, used to enhance 
the limited range sonar signals under de- 
velopment for the past five years. The 
best of these processing schemes are 
expected to be entering fleet use within 
the next 4-5 years. 

One Navy expert says the airborne 
signal-processing problem has been hit 
so heavily that the latest systems in R&D 
are within about 5 db of the maximum 
that can be expected. 

Firms such as Texas Instruments, 
IBM, ITT, and Bell Labs have con- 
tributed greatly in the application of 
new digital, statistical, interference re- 
jection, and signal-mixing techniques 
applicable to airborne ASW. 

Use of microelectronics will also 
make a major impact on the weight- 


back toward surface. Shadow zones pro- 
vide hiding places for submarines. 


conscious airborne systems. 

® Key airborne assist—Within the 
airborne program, project A-new is 
probably the key effort. A-new is 
actually a management program aimed 
at putting together an integrated ASW 
avionincs system aboard an ASW-de- 
signed aircraft. The concept is basically 
to develop the best sensor package and 
data-handling system, and then write 
the aircraft specs around the avionics 
rather than the more traditional route. 

The program got started in late 1960 
and “has been funded by the Navy 
and blessed by DOD,” says one official. 
More than $15 million has been spent in 
the past two years on the signal-process- 
ing and data-handling portions. 

A-new, according to one Navy sci- 
entist, will reflect “drastic improvements 
in existing sonobuoys” in terms of in- 
creased power, and reduced size and 
weight. The system will include active 
explosive echo ranging devices, more 
commonly called JULIE, in which the 
return of the explosive signal reflected 
from a submarine is used as a detection 
method. 

Both GE and Hazeltine are compet- 
ing for new-type JULIE sonobouys, one 
of which will be bought for the first 
time for production in FY ’65. The GE 
version is called the SSQ-46 and the 
Hazeltine, the SSQ-42. 

Both are believed to be minia- 
turized to operate in conjunction with a 
new minibuoy dispenser now installed 
aboard the Lockheed P3A long-range 
ASW aircraft. There is also another 
member of the JULIE family, a direc- 
tional device developed by Magnavox 
also slated for a FY ’65 buy. 

The other portion of the A-NEW 
sonobuoy mix is the JEZEBEL passive- 
type localization sonobuoy produced by 
General Dynamics. 

The Navy is also known to be devel- 
oping a new, much larger, and longer 
life air-dropped device called LOLITA. 

The primary advance in technology 
that has made possible smaller, longer- 
lived sonobuoys—and particularly the 
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ANNOUNCING 


a new supplier 
of precision 
measurement 
and control 
products 


A new division has been established by Tamar Elec- 
tronics, Inc., for research, development, and manu- 
facturing of precisidn measurement-and-control 
components and systems. 


THE MANY WORLDS OF TAMAR «© AMERICAN WIANCKO / STODDART / ECONOLITE 
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Calied AMERICAN WIANCKO INSTRUMENTATION DIVISION, 
the new organization merges Wiancko Engineering and 
American Gyro into one integrated capability with 
expanded objectives. 


Unifying the well known Wiancko and American Gyro 
product lines, the division now offers precision pres- 
sure transducers for industrial and aerospace appli- 
cations, accelerometers, force sensors, precision 
gyroscopes, high-speed rotating machine components, 
and precision test equipment such as a digital pres- 
sure generator and a portable Scorsby table. 


Typical accomplishments include a gyro contro! pack- 
age for an Army LANCE missile, and instruments for 
sensing underwater movements and stresses, 


Whether your need is for off-the-shelf components 
for measurement of physical parameters, or for cus- 
tom instrumentation systems, your inquiry is invited 
into American Wiancko’s qualifications. 


American Wiancko Instrumentation Division, Tamar 
Electronics, Inc., 9320 Lincoln Boulevard, Los Angeles, 
California 90045. Telephone: (213) SP 6-1700. 


fers AMERICAN WIANCRO 


Request our booklet... THE ART OF MEASUREMENT AND CONTROL 
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Saturn... the dependable 


On January 29, NASA’s Saturn SA-5 lifted 
off from the pad at the John F. Kennedy Space 
Center carrying the first live S-IV second stage 
and the heaviest payload ever orbited—more 
than 37,000 pounds. 

It thus established beyond a doubt the de- 
pendability of Saturn I, and its fitness for the key 
role it will play in our nation’s space exploration 
program. 

The role of the upcoming Saturn IB inthe 
NASA Apollo program will be to earth orbit 
manned Apollo spacecraft vehicles for tests of 
the rendezvous and docking methods to be used 
in later manned lunar landing flights. 

It is also the logical vehicle for all programs 
where relief from the present weight and space 
restrictions on payload are desired. 


| 


booster of the space age 


In fulfilling its role in the expanding national 
space program CHRYSLER Corporation SPACE 
Division—prime contractor to NASA for the 
first stage of the Saturn I and IB vehicles—has a 
continuing need for creative, experienced 
engineers and scientists at all levels and in 
many disciplines. Some of the challenging posi- 
tions now open are listed on the page opposite. 

Chrysler activities on the Saturn I/IB are di-. 
vided among three pleasant Southern locations 
where you will find a rewarding professional cli- 
mate and congenial living conditions. 

Send your resume, in confidence, to Person- 
ne! Dept. B-9 at the location of your choice: 

P.O. Box 26018, New Orleans, La. 70126 
P.O. Box 857, Huntsville, Ala. 
8880 Astronaut Bivd., Cape Kennedy, Fla. 


SPACE DIVISION AG CHRYSLER 


CORPORATION 


An equal opportunity employer 
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LOLITA-type—has been the develop- 
ment by steel companies of high- 
strength alloys that can be drawn to 
thinner gauges. These maraging steels 
have reduced the buoy weight con- 
siderably, since the cable assembly has 
always constituted the majority of the 
weight. 

A-new will also carry magnetic 
sensors, a radar, and “a few sensors 
never seen before,” using other physical 
principles. The Navy would not elabo- 
rate. 

The Navy is continuing with Project 
Klinker, aimed at evaluating possible 
IR sensors able to detect temperature 
differences in the water caused by sub- 
marine passage. 

While some success has reportedly 
been achieved, these devices are known 
to be susceptible to a number of sea 
state conditions that can easily obscure 
what is probably a very small tempera- 
ture differential. 

These devices are not believed to be 
operational now nor are they expected 
to be in fleet use soon, according to an 
informed source. The Navy does have 
a snorkel exhaust trail detector called 
SNIFFER in operational use. “The 
other so-called exotic sensors are not 
worth mentioning,” says one Navy offi- 
cer. 
@ New radars—The Navy is also 
known to be developing a new very- 
high-range and bearing-resolution radar- 
in-house which may become associated 
with A-new in the future. 

The Navy views radar as a vital 
adjunct to the ASW problem, not only 
to detect snorkels, which is very difficult 
in heavy sea states and high radar- 
clutter situations, but as a means of 
sorting surface from sub-surface con- 
tacts reported by submarines or other 
sensors. In this capacity it serves as “a 
negative sensor.” 


The A-new system will first be. 


tried out in the P3A aircraft. If it works, 
its designers feel they can then specify 
the vehicle that can best carry A-new. 
The effect of this testing could lead to 
modification of later buys of the shore- 
based P3A, which will probably be 
operational until the 1970 period. 

Perhaps more importantly, A- 
new is very apt to lead to the devel- 
opment of a new carrier-based ASW 
aircraft to replace the venerable 
Grumman S-2 tracker series. Insiders 
say RFP’s on a new VSX (fixed wing, 
ASW, experimental) are likely within 
the next year. 

© Helicopters—Helicopter usage of 
A-new equipment is only a study at 
present, but could become part of a 
hardware program in the future, per- 
haps within a year. Many improvements 
in helicopter-borne sensors and process- 
ing and handling are now in R&D. 

The Sikorsky SH-3A is the current 


heavy-weight ASW helicopter. This is 
a long-range all-weather craft capable 
of involvement in the entire ASW solu- 
tion from detection through destruction. 
The Sea King, as it is called, carries a 
Bendix AQS-10 self-contained dipping 
sonar, which reportedly can be lowered 


' beneath thermal layers. The craft now 


also carries the ASPECT classification 
device, a short-pulse means of classify- 
ing targets, which was originally devel- 
oped for destroyers. 

These helicopters also have im- 
proved precision navigation equipment 
for better pattern flying in a contact 
area and are used mostly in submarine 
screening and localization operations. 
They are said to have a good growth 
potential. They do not carry the ASQ-10 
magnetometers in use on other aircraft, 
but officers say that MAD-type equip- 
ment eventually may be adaptable here. 

The other helicopter in ASW use is 
the light-weight, unmanned, remotely 
controlled DASH, or QH-50C, made by 
Gyrodyne Co. of America. Some major 
problems with these devices were solved 
last year and the DASH is now opera- 
tional, some aboard DD or DE types. 
A new landing assist system has been 
installed to aid operation from the de- 
stroyer deck in heavy seas. 

DASH is also meant as a device for 
quickly classifying a target, for verify- 
ing sonar contacts, and for reducing the 
possibility of false attack. New possibili- 
ties include passing control of the craft 
from one ship to another and for main- 
tenance of very-long-range sonar con- 
tacts. 

® Satellites—The Navy is also look- 
ing at the role of satellites for ASW 
roles. 

As a mount for new and exotic 
sensors, experts believe that the satellite 
would not be able to see anything that 
an aircraft couldn’t see better, though a 
Navy scientist told M/R “we have at 
least one company that would like to 
sell us one.” 

A satellite is more likely to be used 
as a monitoring device for a system 
such as a global array of somewhat 
more powerful sonobuoys. Satellite data 
collection from these devices and sub- 
sequent secure transmission is a distinct 


possibility for the future. The experts | 


These positions will be 
filled immediately in 
our New Orleans operations 


AEROSPACE PHYSICS 


AERODYNAMICS ENGINEERS 
and SUPERVISORS 
Ta perfarm onalyses of aerodynamic farces and 
moments, loads and related studies on large 
booster systems, and direct methads develap- 
ment studies, 


FLIGHT DYNAMICS ENGINEERS 

and SUPERVISORS 
Ta perform dynamic analyses far frequencies 
and mode shapes af elastic structures; stability 
analysis of elastic vehicles to determine cantral 
filter requirements and tank baffling; respanse 
of elastic vehicles to winds to determine maxi- 
mum bending maments, shear loads and trajec- 
tary errors. 


FLIGHT MECHANICS ENGINEERS 
and SPECIALISTS 
- with experience in flight path optimizatian, 
prapellant laading analysis, impact dispersion af 
spent stages, rigid body contral, dynamics at 
stage separation, determination af abart sensing 
parameters, and lift off motion studies. Must be 
familiar with six degree of freedam trajectory 


| digital simulation techniques. 


also note that an ASW mission aboard | 


a satellite could be easily disguised. The 
equipment required would probably not 
demand a separate satellite. Satellite 
use for ASW navigation purposes is 
also likely. The Naval Research Lab is 
watching over most of the research in 
this area. 

® Communications—Within the area 
of coordinating ASW operations be- 
tween submarines and the other task 
force elements, there is an enormous 
amount of work to be done in the field 
of undersea communications. 
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FLUID MECHANICS ENGINEERS 
and SUPERVISOR 


Ta supervise selectian and develapment af ana 
lytical and experimental techniques far solutians 
to fluid dynamic problems (aeradynamic and 
structural heating, cryagenic starage, baundary 
layer theory, reactian kinetics and ablation, fluid 
flaw prablems and gas dynamics). 


THERMODYNAMICS ENGINEERS 
To perfarm analyses of structural and base heat- 
ing, cryagenic starage and pressurizatian system 
studies, including methads development. Requires 
3 years minimum experience. 


SYSTEMS ENGINEERS 


far fallawing activities: 
Propulsian 
Vehicle System Design Analysis 
Functianal Analysis af Launch Requirements 
Vehicle Assembly & Checkaut Planning 
Design Criteria (Manuals) 
Design Campatibility 
Configuration Cantral & Engineering Liaisan 
Minimum 3 years experience required. 
Excellent positions in other 
disciplines are olso available in 
Huntsville and Cape Kennedy, 
as well as in New Orleons. 


SPACE DIVISION ¢y CHRYSLER 


An equal opportunity employer. 
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Since 1954... 


In 1954, the largest titanium plate you could buy was a 
snug 2 x 6 feet. Today, Titanium Metals Corporation of 
America rolls them as big as 10 feet by 30 feet. 

This tough titanium plate is 44% lighter than steel. 
Not only that, titanium is stronger, more reliably resistant 
to fatigue, weld cracking, salt water corrosion. It is now 
available in a multitude of sizes and shapes and alloys 
from TMCA. 

There is a simple answer to deeper operating depths 
for submarines and greater reliability of seagoing equip- 
ment. Titanium. For more information, write TMCA.. . the 
world's only organization devoted exclusively to titanium. 


titanium 


TITANIUM METALS CORPORATION 
OF AMERICA 
233 Broadway, New York 7, N.Y. 
NEW YORK* CLEVELAND» CHICAGO DALLAS*LOS ANGELES 


100,000 
MEGOHMS 


150 VOLTS 
DIFFERENTIAL 


These unusual input specs describe the 
remarkable Adage PDM."™ 


More reasons why PDM has no equal: 


e DC, AC, ohms — absolute and ratio modes 


e@ Fastest AC RMS measurement capability 
— fewer than 250 milliseconds required 


@ AC peak measurements with .01% accuracy 
@ 1,000,000 to 1 common mode rejection 


e@ Full Mil-spec and custom-packaged units 
available 


Adage PDM Series Programmable Digital 
Multimeters have been used for years in auto- 
matic measuring and checkout systems — 
from small tape-programmed factory inspec- 
tion equipments to giant computer-controlled 
weapons checkout complexes. In every case, 

the story is the same: ‘Yes, Adage equipment 
* meets specs but, more important, itis reliable.” 
Next time get a quote from Adage. We think 
you'll like our prices, too. 


‘aabids 


—— fd 


Main Office and Factory: ° 
292 Main Street, Cambridge 42, Mass. 
West Coast Plant; 
1145 East Ash Avenue; Fullerton, California 


Adage, Inc. welcomes employment inquiries 
from professional engineers. 
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While the Navy can use very-high- 
| powered shore-based radio transmis- 
| sions to communicate with its globally 
| deployed fleet of Polaris submarines, the 
| problem with submerged submarines 
engaged in ASW patrols or actions is 
very difficult. The sub-to-sub problem 
| is less difficult than the sub-to-ship or 
-aircraft situation. There is a large pay- 
off here for industry, says the Navy, for 
new, workable systems. 

Currently, most 
from beneath the surface are believed 
to be in the form of coded acoustical 
signals operating much in the same way 
as sonar, generally using separate equip- 
ment, and subject to all the attenuation 
difficulties and low-data-rate properties 
of the medium. There is also b2lieved to 
be a good deal of pre-arranged signal- 
ing type operations. 

One of the most promising advances 
in the past several years has been the 
development—and reportedly the type 
classification—of communications sono- 

| buoys. These systems, dropped in the 
water, enable submarines to commmuni- 
cate with aircraft and more effectively 
with surface ships. Although Navy offi- 
cials see this as an important advance, 
they still stress the need for reliable 
communications between all elements of 
the hunter-killer task force. 

The submarine can also come near 
the surface to get an antenna through, 
but with some compromise in its posi- 
tion security. VDS can also be used for 
communications. 

@® ADP needs—The Navy’s needs 

| for increased use of automated weap- 
ons systems control are progressive and 
have, since World War II, trailed the 
state of the art slightly. As indicated 
earlier in this section, current data com- 
putation and processing requirements 
are more intimately related to software 
than to systems hardware. 

Said one computer manufacturcr: 
“We have the necessary computer tech- 
nology and we can build the necded 
storage capacity to support systems, but 
the programming requirements for the 

| future will be based on the kinds of 
input data that will be available. The 
biggest ASW need is in detection and 
it is difficult to amass comparative data 
now for use in sophisticated identifica- 
tion and classification analyses for use 
with future sensors.” 

The Sea Hawk program for devel- 
opment of an ASW surface vessel is now 
under renewed study, but subsystems 
development for such a ship is being 
continued. Included are advanced de- 
tection systems and the supporting 
automatic data processing systems for 
tracking and weapons control. 

@ Fundamental data needs—Even 
more basic than sensor needs for ASW 
support is the urgent requirement for a 
fundamental understanding of the sea 
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environment from both local and — 
points of view. 

The Office of Naval Research, fol- 
lowing its earlier RFQ to industry, re- 
ceived proposals late in August for a 
program enveloping a massive data col- 
lection and study including a format for 
the ASW problem as an entity. An eval- 
uation is due by mid-September and an 
early contract to industry is expected. 

Heart of the effort will be the reduc- 


“tion and electronic massing of globally 


collected data, including both ship op- 
erations and operating environments, 
weapons delivery capabilities, and de- 
fensive techniques and capabilities. 

At the same time, increased U.S. 
emphasis on oceanographic studies will 
begin to bear fruit. To help rectify what 
for years has been a lagging effort, 
scientists have turned to automatic data 
processing. 

Typical of the trend toward greater 
ADP use is a jointly developed scien- 
tific shipboard computing system to be 
used aboard the Woods Hole Oceano- 
graphic Institution’s research vessel, 
Chain. The system, built by IBM’s Fed- 
eral Systems Division and Woods Hole 
scientists, has evolved over the past two 
years from a relatively simple IBM 1710 
computer system installed in July, 1962. 

The system now includes a 1710 
Model II with greatly increased mem- 
ory, digital plotter, a digital feedback 
control system, remote displays, plus 
three separate magnetic disc storage 
units and input-output typewriters. 

The point is not that such a system 
is available, but that a pure research 
vessel has had to be provided with such 
an improved capability. Used for real- 
time data acquisition and reduction of 
the Earth’s gravity and magnetic fields, 
for dead reckoning navigation and for 
seismic profiles, it permits introduction 
of ship’s heading and speed, latitude and 
longitude, water depth and depth com- 
pensation plus a multitude of other 
physical anomalies. 

® Central info center—One ap- 
parent weakness in today’s ASW pro- 
gram, say many industry informants, is 
the need for a central ASW laboratory 
and information depository. 

Part of the problem, said one offi- 
cial, is the present Navy organizational 
structure. The carrier people, the hcli- 
copter people, the submarine people all 
go their separate ways—each fighting to 
preserve operational diversity within 
the realms of their own activities. Each 
has obtained an ASW role. 

But, there is no single source in the 
Navy where one can go to obtain a 
clear picture of the entire U.S. ASW ef- 
fort rapidly. Furthermore, said another 
industry spokesman, there may never 
be such a central depository for the 
problem of accumulating and classify- 
ing such data might be so big as to 
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negate its worth in the time required 
just to organize the central file. 

@ Command and_ conitrol—The 
Navy Tactical Data System relies heav- 
ily on ADP but is not fully automated 
at the present time. Reaction time thus 
is limited by the introduction of man. 

Some Navy officials, however, be- 
lieve this is justified. They feel that 
over-emphasis on the use of automa- 
ticity may weaken the command-con- 
trol function by denying flexibility in 
the decision-making process. 

A natural outgrowth of the NTDS 
could be the increased use of force 
command ships. Individual vessels are 
now employing centralized command 
and control centers, highly computer- 
ized. The larger, more electronically 
equipped force command ships would 
serve as a central processing station 
and switching-central for the other 
combat ships. Such an approach may 
come to the fore as a means for con- 
trolling widely dispersed vessels in a 
fast reaction operational situation. 

@ Training and maintenance—As 
reliance upon computers and automatic 
processing grows for detection, track- 
ing, navigation, and fire control, so 
does the ship’s reliance grow on its 
operating and maintenance personnel. 
The Achilles heel may well be equip- 
ment malfunction and repair time. 

The former can be minimized by 
system or subsystem redundancy, but 
somewhere along the line an individual 
must locate and isolate a degraded or 
inoperable circuit, pull the offender and 
perform a hasty repair. When com- 
plete, the system must again work as 
designed. 

Since lack of experience is the 
most serious handicap normally held 
by maintenance crews, the current 
trend is to simplify the repair problem. 
Automatic checkout helps, but it too 
is subject to failure. 

Microminiaturization and replace- 
ment of defective parts at the module 
or subsystem level seems to offer the 
greatest return for simplified mainte- 
nance. Duplication of circuits—by the 
hundreds in computers—also eases the 
replacement supply problem. The 
trouble is, and will continue to be, that 
as circuits have become microminiatur- 
ized and as systems have become com- 
pletely modularized, so has the need 
grown for larger capacity systems. Sim- 
plification has resulted in a complexity 
of a different sort and the pressure re- 
mains on the maintenance man. 

Training of maintenance personnel, 
then, would appear to be the best means 
to improve electronic repair capability. 
It is often during the stress of an ASW 
operation that the pressure of time is 
the greatest. And, say many Navy 
officers, it is under such circumstances 
that personnel must be given the op- 
portunity to increase their proficiency.m 
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Electronic Engineers & Scientists 


room sized world! 


10,000 MILE NETWORK OF COMMAND/CONTROL AND GLOBAL 
REPORTING IN A 3600 SQ. FT. ROOM. 


This is precisely what Pan Am engineers are doing now for the Air Force Eastern 
Test Range, directing range support from the new Central Control at Cape Kennedy. 
In this one station, 64 men at 137 consoles will control simultaneously 800 range 
instrumentation status displays...3 separate countdown and timing systems... 
4 missile trajectory plots...3 impact prediction plotters...and link with a world- 
wide network of communications to ships, planes and range instrumentation sta- 
tions of the Eastern Test Range and other integrated ranges. 


An important adjunct to this facility is the Real-Time Computer Center having a 
fail-safe dual computer system capability, including 2 CDC 3600's. It will compute 
instantaneously the impact point of ballistic missiles, the predicted orbit, apogee 
and perigee of orbiting vehicles, and provide acquisition data for down-range stations. 


For the first time independent control of range support for simultaneous count- 
downs of two missile launchings and ETR support for an orbiting space vehicle 
will be possible. 


On this and other programs providing range support for the nation’s space and 
missile programs...over 40 scheduled in the next five years...assignments are 
now open in Range Planning, Systems Engineering, Systems Management, and 
Range Operations for graduate engineers experienced in: Pulse & CW radar / tele- 
metry / infrared / data handling / communications / closed circuit TV / frequency 
analysis / command control / underwater sound / timing / shipboard instrumen- 
tation / meteorology. 


Write in confidence to Manager, Professional Employment, Dept. 56 J-2. 
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Stimulating climate 
...for career growth, 


for family living. 


Scenic San Juan islands cruise waters are only a one-day sail from Seattle 


Staff Engineering Openings at Boeing 


Boeing, the world leader in advanced swept- 
wing, multi-jet aircraft, is today pioneering 
evolutionary advances in both civilian and 
military aircraft fields. These programs have 
created outstanding openings for staff engi- 
neers in the following fields. A limited number 
of project design positions are also available. 


Structural Dynamics Duties involve analysis 
and experiments in aeroelastic fields of flutter 
and dynamic loads. Requirements are a B.S. or 
advanced degree in applied mechanics with 
significant aerodynamic and structures back- 
ground related to high-speed aircraft. Should 
be familiar with latest theories and tech- 
niques for analysis and test. 

Stability and Control Requires strong back- 
ground in airplane flight control system de- 
sign and analysis, and stability and control 
characteristics, plus knowledge of computers, 
servo-mechanism design and development 
and testing of airplane configurations. Mas- 
ter’s degree or equivalent. 

Flight Control Systems Assignments involve 
establishing dynamic design criteria and 


specifications for flight control systems, sub- 
systems and components; selection of most 
suitable control system components, and 
guidance of control system procurement and 
flight test. Requires B.S. or M.S. in engineer- 
ing, mathematics or physics with applicable 
experience. 


Metallurgy and Mechanical Engineering 
Assignments entail alloy selection and appli- 
cation; development and improvement of 
processes; preparation of specifications; lab- 
oratory experiments; technical consultation, 
and service failure analysis. Requirements, in 
addition to experience in aircraft technology 
or a related field, include familiarity with the 
electron microprobe and microscope and 
standard metallurgical equipment. 

Chemical Engineering Openings require ex- 
perience in lubrication materials and concepts; 
elastomeric, inorganic finish, and organic 
polymeric materials, and structural adhesive 
bonding, plus a basic knowledge of materials 
behavior. Work involves evaluation, analysis 
and investigation of all materials charac- 


teristics, including mechanical, electrical, 


chemical and surface. 


Propulsion Responsibilities include research 
and development, primarily V/STOL oriented, 
in the fields of subsonic and supersonic inlets, 
thrusting ejectors and engine fan thrust vec- 
toring; engine cycle analysis, engine/ airplane 
optimization studies for subsonic and super- 
sonic propulsion systems, and VTOL propulsion 
technology. 


Salaries are competitively commensurate 
with your education and experience back- 
ground. Travel and moving allowances are 
paid to newly hired personnel. Boeing is an 
equal opportunity employer. 


Boeing’s Airplane Division is located near 
Seattle in the uncongested Pacific Northwest, 
noted for year-round mild climate, famous 
recreational facilities, excellent schools and 
housing, and healthful outdoor Western living 
for the whole family. 


Send your resume today to Mr. Thomas Sheppard, 
Airplane Division, The Boeing Company, 
P.O. Box 707-ABY, Renton, Washington 98055, 


AIRPLANE DIVISION MB MDME MLS Lr 


Other Divisions: Aero-Space * Vertol » Turbine » Also, Boeing Scientific Research Laboratories 


a SW special report 


Stand-off Weapon for Seahawk Ships 


Is Sole Big Missile Development Seen 


Effort now is fo provide conventional weapons that increase 
options; improved torpedoes believed able to handle present 
Soviet nuclear sub fleet; a review of current U.S. arsenal 


A QUICK-REACTION, stand-off 
weapon for use with Seahawk, the in- 
tegrated ASW ship, is the only major 
missile weapons development program 
on the Navy’s horizon. A Honeywell 
Asroc with greater range has been pro- 
posed, but until the average sonar de- 
tection range increases, it is unlikely to 
be approved for development. 

Major emphasis in Navy weapons is 
away from nuclear torpedoes, depth 
charges and stand-off weapons. Conven- 
tional weapons that increase the avail- 
able options are the order of the day. 
Goodyear’s Subroc poses a problem, 
since the only approved payload for this 
weapon is a nuclear depth charge. It is 
likely that an acoustic homing torpedo 
will have to be fitted to this weapon to 
preserve the non-nuclear option. 

Navy officials admit that a conven- 
tional warhead for Subroc has been 
investigated and add that Asroc has 
demonstrated the technical feasibility 
of this approach. The primary problem 
is in the guidance of the missile, which 
would have to deliver the non-nuclear 
weapon with a greater degree of ac- 
curacy so that the target will be within 
the acquisition capability of the acous- 
tic homer. 

An EX-11 torpedo is also a devel- 
opment possibility. However, this re- 
placement for the Mark 46, Mod 1, is 
in the early planning stages and the 
characteristics of the weapon are not 
fixed, 

By and large, the Navy and industry 
are in substantial agreement that, of all 
the ASW problems to be resolved, kill 
mechanisms probably deserve less at- 


tention than any other. Weapons in flect 
use and those already approved for de- 
velopment constitute a formidable arse- 
nal. Among these weapons are: depth 
charges, air and surface and sub-sur- 
face mines, torpedoes, the destroyer 
anti-submarine helicopter (DASH), 
Asroc and Subroc, Over the next several 


years, these weapons will be improved, 


refined and made more sensitive to cope 
with the quiet-running, deep-diving high- 
speed nuclear submarine. 

® Torpedoes: a new world—With 
the development of the Mark 46, Mod 
0 and Mod 1, acoustic homing torpedoes 
have taken a major step forward, as, 
with initiation of development on the 
Mark 48, have wire-guided torpedoes. 
In fact, these two torpedoes are expected 
to be able to cope with the present gen- 
eration of Soviet nuclear submarines, 
both in terms of seeking out the target 
and eluding countermeasures, and also 
destroying even the deepest diving, 
highest speed submersible in operation. 

The Mark 46, Mod 0, is a replace- 
ment for the Mark 44 torpedo and uses 
active acoustic homing to close on its 
target. In relation to the Mark 44, it is 
faster, deeper diving and has a longer 
acoustic homing range. Propulsion is 
provided by a solid grain, which re- 
leases hot gas to drive the torpedo’s 
engine. Development has been com- 
pleted on the Mod 0 and operational 
evaluation is underway. A procurement 
contract for the Mod O has been 
awarded to its developer, Aerojet-Gen- 
eral Corp. 

The Mark 46, Mod 1, torpedo is 
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under development. It differs trom the 
Mod 0 primarily in propulsion—using 
a liquid mono-propellant rather than the 
solid propellant in the earlier model. 
Chief advantages of the liquid propel- 
lant, according to the Navy, are that the 
Mod 1 is both cheaper and easier to 
maintain. This propellant, representing 
an advance in the state of the art, was 
not available when the Mod 0 torpedo 
was being developed. 

These torpedoes mark “an upward 
departure,” one Navy official says, from 
the long plateau of acoustic torpedo de- 
velopment in terms of both acquisition 
ranges and speeds. Another Navy source 
points out that the sonar in torpedoes 
of this type is more effective than the 
sonar carried by destroyers in World 
War II. 

The Mark 46 falls in the small, light- 
weight class of torpedoes—weighing 
500 Ibs. or less—which can be carried 
by aircraft and surface ships. The Mark 
46 could replace the Mark 44 as one 
of the payloads for Asroc and would 
be a likely candidate for the non-nuclear 
version of Subroc. It could also be used 
on DASH. 

In production and service use for 
several years, the General Electric Co.’s 
Mark 44 is a lightweight weapon for 
close-in attack. An active acoustic hom- 
ing torpedo, the Mk 44 is powered by 
an electric battery motor. lt is cur- 
rently employed on Navy fixed wing 
aircraft, the HSS-2 ASW helicopter. 
Asroc and DASH. The latter carries 
two mark 44 torpedoes. There are still 
some of the old Mark 34 and Mark 43 
torpedoes still in the fleet. However, 
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these are being replaced as rapidly as 
possible with the Mk 44. 

® Procurement question—Eventual 
procurement of the Mark 46, Mod 0, 
is a delicate question in the Navy since 
there seems to be some uncertainty of 
the relative mix that should be main- 
tained between it and the Mod I. Cur- 
rently, Navy officials will say only that 
they are procuring one and planning to 
procure the other. 

A second category of torpedoes are 
those larger, heavier weapons designed 
to be launched primarily from sub- 
marines and by some surface ships. 
These normally weigh in the neighbor- 
hood of 4,000 lbs. and carry much 
larger warheads. 

The mainstay of the heavy torpedo 
class at the moment is the Westinghouse 
Mark 37 electrically propelled weapon. 
The Mod 0 version of this torpedo has 
either an active or passive acoustic hom- 
ing device while the Mod I has a wire 
guidance system. All of the Navy’s 
modern submarines are equipped with 
this torpedo where the older boats are 
still using the Mark 27, Mod 4. How- 
ever, the latter is being withdrawn from 
the fleet as rapidly as possible because, 
in the Navy’s opinion, the Mk 37 is “a 
modern torpedo.” The wire guided ver- 
sion of the Mk 37 was developed by 
Vitro Laboratories. 

Under development by Westing- 
house now is the Mark 48—formerly 
the EX-I0—torpedo to replace the 
Mark 37. Superior in all respects to the 
Mk 37, this weapon has “a much more 
sophisticated acoustic system” and is 
wire guided. It also uses a liquid mono- 
propellant to drive the motor, and can 
be launched from submarines or surface 
ships. 

All thrce of these torpedoes are 
armed with conventional, high explo- 
sive warheads. However, the highly 
classified Mark 45 torpedo—called 
Astor—carries a nuclear warhead. 
This long range, electric-powered 
weapon was approved for service use 
in Fiscal I196I and initial production 
deliveries began in 1963. Presumably 
wire-guided, the 20-ft.-long, over-2,000- 
lb. torpedo has a range of II n.mi. Con- 
cerning its capability, the Navy will 
only say that it “is capable of destroying 
high-speed, deep-diving enemy  sub- 
marines with high reliability. It can be 
carried by both conventional and nu- 
clear powered submarines.” 

In the third category of torpedoes is 
the anti-surface-ship weapon. Although 
not properly an ASW weapon, the samc 
techniques used in the ASW weapons 
are expected to be applied to this cate- 
gory. In fact, the Navy expects to begin 
development of a new, modern anti- 
surface-ship torpedo this year that will 
capitalize on all of the things learned 
in the ASW programs. 
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CENTER OF GRAVITY and moment of inertia on a Subroc missile are pinpointed 
with precise testing apparatus at Goodyear Aerospace Corp.’s Akron plant. 


Although it is not in production, 
the Mark 39 is frequently listed as an 
operational Navy weapon. This is not 
the case, the Navy says. The Mark 39 
was of the heavy, sub-launched class of 
torpedo and was the first wire-guided 
weapon of this kind. It was used to de- 
velop the technique of wire guidance 
of torpedoes in the early 1950's and, 
although a couple of hundred were pro- 
duced, it was never considered as an 
operational weapon. 

® Problems overcome—tThe golden 
age of torpedoes was ushered in with 
the perfection of acoustic and wire 
guidance schemes. The influence fuzes 
used in World War II “didn’t work too 
well,” according to a Navy official and 
it wasn’t until the advent of the Mark 
28 at the end of the war that the first 
acoustic fuze was available. This solved 
what until then was a major problem in 
torpedoes, that of active target maneu- 
vering. 

Today, although the ranges of tor- 


pedoes have not increased greatly, the 
volume of water searched (the true 
criterion for effectiveness) has increased 
by orders of magnitude. This makes 
target evasion extremely difficult. 

In the area of countermeasures, 
Navy officials assert that they are “on 
top of the situation” in terms of both 
natural and manmade spoofers. There 
is considerable effort in this area, they 
say, but it is also the most highly clas- 
sified subject in the torpedo area. 

In order to stay abreast of tech- 
nology, about half of the funds avail- 
able in supporting research goes into the 
areas of acoustics, hydrodynamics, 
propulsion and general sciences. The 
portions of these efforts applicable to 
torpedo developments are pulled to- 
gether in the RETORC I & II programs. 
RETORC, which stands for Research 
Torpedo Configuration, is a program of 
torpedo test vehicles—-I for the small 
light-weight class, and II for the heavy, 
sub-launched vehicles. These research 
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GUIDED MISSILE frigate launches an Asroc at an “enemy” submarine during recent 
fleet exercises. Weapon eliminates need to attack at close range. 


vehicles provide the reservoir of ad- 
vanced technology from which periodi- 
cally are drawn off techniques to fill 
weapons development requirements 
from the Chief of Naval operations. 

The Naval Ordnance Test Station in 
Pasadena, Calif., is involved in the 
RETORC I program, while the Naval 
Underwater Ordnance Station at New- 
port, R.I., in cooperation with the Uni- 
versity of Washington and Pennsylvania 
State University, handles the RETORC 
II program. 

@® Mine warfare—Although the 
stereotyped horned contact mine of 
World War I is still in the inventory 
and is still an effective moored system, 
mine warfare has progressed beyond 
this primitive defensive weapon. The use 
of mines in offensive warfare promises 
to play an important role, particularly 
against the Soviet submarine threat. 
Limited to two free-water ports, the 
Soviets must deploy through the 
Baltic straits or the Black Sea over 


through Arctic barriers. Such areas can 
be mined by aircraft so that a safe pas- 
sage of water can become a death-trap 
within several hours. Approach routes 
can also be blocked by offensive min- 
ing or submarines can be channeled 
into kill areas by properly executed 
mine operations. 

The basic goals of mine warfare are 
to damage or sink enemy vessels, to de- 
crease the morale of crews aboard ves- 
sels that must traverse a mined area 
and to force the enemy to keep a large 
counter-measures force to counteract 
mining operations. 

U.S. mines are all influence-ac- 
tuated. That is, external influences such 
as pressure changes, magnetic fluctua- 
tions or noise level increases will ac- 
tivate the mine. In deep water, the 
mines are moored to the bottom, while 
in shallow water, the devices rest on the 
bottom. 

Mines are classified by their modes 
of delivery: aircraft, submarine or sur- 
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face vessel. In the aircraft-laid category 
are the Mark 52 and the Mark 55 bot- 
tom mines, which were first delivered 
to the fleet in Fiscal 1964. The Mk 52 
is a 1,000-Ib.-class mine while the Mk 
55 is a 2,000-lb.-class weapon. The Mk 
55 is an anti-submarine weapon. An- 
other, 2,000-Ib.-class moored anti-sub- 
marine mine under operational evalua- 
tion is the Mark 56, also launched by 
aircraft. This weapon would be effec- 
tive against quiet, slow-moving sub- 
marines. 

The rationale for the heavier, anti- 
submarine weapons is that the sub- 
marine is smaller than a surface ship 
and therefore does not produce as much 
signal. Also, the submarine is operating 
in a three-dimensional environment. 
Both of these problems complicate the 
development of mines and require 
heavier weapons. 

Operational evaluation of the Mark 
57 submarine-launched, anti-submarine 
moored mine was completed in late 
1963. Quantities of the mine are being 
procured for fleet use. 

Investigations are being conducted 
of an influence-actuated homing mine 
in both moored and bottom applica- 
tions. Three new firing mechanisms are 
being developed to improve the effec- 
tiveness of present mines and to increase 
their resistance to countermeasures. 
These firing mechanisms will be back- 
fitted to existing stockpiles of mines. 

@ Stand-off weapons—With the ad- 
vent of Asroc and Subroc, the Navy 
has finally been able to free itself 
from the requirement of closing with 
the target to essentially zero distance. 
These weapons allow surface ships and 
submarines to stand-off at ranges com- 
parable to their maximum detection 
range and kill an enemy submarine 
without closing with it. Asroc is re- 
placing hedgehogs and Weapon Alpha 
as the primary ASW weapon of de- 
stroyer-class surface ships. Subroc, as 
long as it carries a nuclear warhead ex- 
clusively, will be a supplementary 
weapon for submarines—adding to the 
firepower of conventional torpedoes. 

Asroc is a quick-reaction weapon 
capable of delivering the Mark 44 or 
Mark 46, Mod 0 or Mod 1, torpedoes to 
ranges from 1,800 yds. to 8n.mi. It also 
can be equipped with a nuclear depth 
charge. During the Dominic series of 
nuclear tests in the Pacific, the destroyer 
USS Agerholm successfully fired the 
nuclear version of the Asroc. 

Although a number of ships entered 
the fleet equipped with the weapon in 
1961, it was not approved for service 
use until 1962. Ships in the FRAM 
(Fleet Rehabilitation and Moderniza- 
tion) as well as new construction are 
being equipped with an _ integrated 
Asroc launcher. The overall length of 
the rocket-boosted weapon (torpedo 
plus booster) is about 15 ft. and the 
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ORI... 


ADVANCING 
THE THEORY 
AND 
PRACTICE 

OF ASW 


For the past nine years, Operations Re- 
search Incorporated has supported the 
U.S. Navy in nearly all aspects of un- 
dersea warfare. This support has taken 
the form of scientific studies ranging 
from feasibility analyses, through eval- 
uation of proposed weapon systems, to 
the determination of program objectives 
and performance requirements .. . from 
cost-effectiveness, to personnel-inanpower 
development, to operational readiness. 

Areas of major ORI responsibility have 
included: Ocean Surveillance * Com- 
mand/Control e« Attack Weapons and 
Weapon Systems ¢ Ship Systems ¢ RED 
Planning © Oceanography ¢ Threat 
Analysis. 

Completed and on-going contract stud- 
ies in these areas already number more 
than 20. Their results have led to new 
R&D undertakings (and to the accelera- 
tion, deferral or curtailment of other 
projects), have contributed to Techni- 
cal Development Plans for the Navy’s 
ASW program, to development of strat- 
egy and tactics for defense of our own 
submarine forces, and have played im- 
portant roles in NATO presentations by 
CNO and BuWeps. 

Career Appointments: ORI offers 
several outstanding ASW research op- 
portunities for systems engineers with 
BS or MS in engineering, physics, or 
mathematics. Send your resume to: Pro- 
fessional Staffing, Dept. MR-1 


OPERATIONS 
RESEARCH 
INCORPORATED 


1400 Spring Street 

Silver Spring, Maryland 
(Suburb of Washington, D. C.) 
An equal opportunity employer 
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diameter measures some 12 in. Overall 
weight is 1,000 Ibs. 

In addition to the possible develop- 
ment of a longer range version of 
Asroc, which is something, according 
to Navy officials, that can be achieved 
solely through use of improved propel- 
lant, a version of the weapon to be fired 
from Terrier launchers is being de- 
veloped. This program is well along, the 
Navy says, and in “the not-too-distant 
future” it will be a reality. Basically, it 
involves a rail adaption to the Terrier 
launcher. 

Subroc is a unique underwater- 
air-underwater, quick-reaction, standoff 
weapon incorporating an inertial guid- 
ance system in the booster to deliver its 
nuclear weapon. It weighs some 4,000 
Ibs., is 21 in. in diameter and approxi- 
mately 21 ft. long. Its range, although 
not officially stated, is placed at 25-30 
mi. 

Development of the weapon was 
delayed for one year after the loss of 
the Thresher nuclear attack submarine 
in April, 1963. The Thresher was to 
have been the submarine used for the 
operational evaluation of the Subroc. 
Some unique test equipment for the 
weapon was lost in the disaster. Opcra- 
tional evaluation of the missile is ex- 
pected to begin “in the near future,” 
according to Navy sources. The USS 
Permit or the USS Plunger is likely to 
conduct the evaluation. 

More than Asroc, the Subroc 
becomes involved in the question of 
weapons range versus sonar detection 
range. There is no question that, with 
advanced sonars, enemy submarines can 
be detected out to the maximum range 
of the weapon. However, this is still a 


factor of the environment existing at the 
time of the contact. Different conditions 
can produce contacts only at much 
shorter ranges. Therefore, the average 
detection range becomes a very im- 
portant factor in determining the max- 
imum range an anti-submarine weapon 
should possess. Subroc was designed 
with a specific sonar requirement in 
mind, and with more advanced acoustic 
equipment being developed, Navy weap- 
ons planners are investigating extending 
the range of Subroc in anticipation of — 
a requirement for such a weapon. 

Weapon Alpha now being replaced 
by Asroc was the first stand-off depth 
charge. The 500-lb. anti-submarine 
rocket is fired from a launcher re- 
sembling a gun turret to ranges of 1,000 
yds. Destroyers, destroyer escorts and 
frigates are equipped with the depth 
charge. Some forward-firing hedge-hogs 
are still in the fleet and their effective- 
ness has been increased by the use of a 
plastic case for the propellant charge. 
An impact weapon, the hedgehog is 
fired in circular patterns of 24, and if 
one of the weapons explodes, the 
detonation triggers the remaining depth 
charges. The range of these weapons, 
however, is very short and requires, the 
attacking vessel to close with the enemy 
in order to make a kill. 

@ DASH: quick response weapon— 
After some vicissitudes in developing 
the unmanned gyrodyne, DASH, the 
system appears to be proving itself an 
effective extension of the striking arm 
of destroyers. Two of the DSN-3 heli- 
copters are deployed on each ship, and 
each of these carries two Mark 44 tor- 
pedoes and eventually will be adapted 
to handle the Mark 46 in both of its 
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versions. Both the Atlantic and Pacific 
fleets are equipped with the weapon and 
eventually 80 destroyers will employ the 
unmanned helicopter. 

At present, the Navy is working to 
extend the all-weather capability of the 
IDSN-3 and to adopt new techniques for 
its use in the fleet. In the first area, new 
lass fiber rotor blades with integral 
heating elements are being tested as a 
Solution to the de-icing requirement. 
Glass fiber will replace the wooden 
blades now used because of its strength/ 
weight ratio and its greater resistance to 
weather erosion. In order to enable the 
IDASH to operate in all weather, the 
Navy is also testing a Shipboard Land- 
ling Assist Device (SLAD). This is 
basically a cable extended from the 
hovering helicopter to the destroyer 
eck, which allows the latter to be 
winched down even in high-sea states. 
Tactically, the addition of DASH to 
the fleet introduces new techniques for 
destroyer-submarine engagements. When 
the surface vessel receives a contact at 
long-range (15-20 mi.), it may have 
difficulty classifying the sonar return as 
a submarine. In this case, DASH can 
be sent out to cover the target and, if the 
contact is an enemy sub, it can be sig- 
alled to drop its torpedoes. Thus, 
DASH can shorten the time between 
lassification and destruction. Also, im- 
ortant in an era when a torpedo can 
cost $400,000, it can improve. or lower, 
the false attack rate in which rather than 
take a chance a weapon is expended on 
a dubious target. 

Additional techniques being tested 
y the Navy include passing the DASH 
elicopter-control off between widely 
eparated surface ships, which could 
ave the effect of spreading convoy pro- 
ective forces out over a wider area and 
also allowing control of the unmanned 
ystem pass to an aircraft for vectoring 
o even greater distances. 

Finally, the Navy is investigating the 
ossibility of equipping DASH with a 
lipping sonar. This would allow the sur- 
face ship to investigate extremely long- 
ange sonar returns by sending the heli- 
opter out to first verify the contact and, 
hen it is directly over the sub, to re- 
lease its weapon. 

A weapon the Navy does not talk 
bout, but that is operational, is the air- 
elivered atomic depth charge—Lulu. 
eveloped by the Naval Ordnance Lab- 
ratory and General Mills, this weapon 
ives an ASW aircraft a nuclear de- 
ivery capability and is regarded as an 
rea defense weapon. There was an 
arlier model of this type of weapon, 
etty, but it weighed almost three times 
s much as Lulu. With the greater ef- 
ects of nuclear weapons in water, the 
ccuracy requirements for delivery of 
he weapon are small and the range to 
he target once the weapon is in the 
ater is of little consequence. | 
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TACTICAL MISSILES 


Extensive activity in the development of tactical missiles offers 
a Variety of opportunities to engineers and scientists. We need 
you if you are experienced in one of the following: 


OPERATIONS RESEARCH 


Plan and conduct analysis of missile systems requirements 
for naval application. Establish operational conditions, target 
characteristics and missile performance requirements. 


MISSILE AERODYNAMICS 


Conduct applied research studies of aerodynamic heating, 
aerothermochemistry and heat transfer phenomena associated 
with advanced missile configurations. 


FLIGHT MECHANICS 


Conduct advanced analysis in flight dynamics and dynamic 
behavior of closed loop systems using analog computers and 
dynamic flight simulators. Emphasis on determination of 
requirements for advanced missile systems. 


MISSILE GUIDANCE AND CONTROL 


Direct the development of advanced guidance sensors for 
tactical missile seekers. Includes analysis, evaluation and 
application of radar and information theory. 


PROPULSION 


Conduct analysis of advanced propulsion systems to deter- 
mine optimum system for tactical missiles. 


To arrange to visit our plant and discuss our programs, please 
write to: Mr. J. H. Papin, North American Aviation, Inc., 4300 
East Fifth Avenue, Box MR-68t,Columbus, Ohio 43216. 


All qualified applicants will receive consideration for 
employment without regard to race, creed, color or national origin. 


COLUMBUS DIVISION ¢: NORTH AMERICAN AVIATION 
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From concept to reality is a frequently heard phrase in recruitment ads. It doesn’t always happen in 


practice. We think it happens more at Grumman than anywhere else. Here‘‘Living With The System” 


is par for the course. Take a typical system engineer. Carrying through from the original concept he 
often can be found in checking out the systems “in-flight” performance. Employing such tangible 
methods, he inevitably delivers a weapons system capable of meeting the tactical needs...at the same 


time adding to his own reservoir of knowledge. 


Totally involved, the high sense of accomplishment in seeing the system through, generates profes- 
sional drive. Engineers and Scientists similarly motivated are invited to explore the following specific 


opportunities. 


Systems Analysis Engineers—to determine specific systems design 
criteria and pertormance requirements trom basic mission objec- 
tives and theoretical considerations and to detine and follow 
through on studies required to achieve compatibility among the 
major space vehicte functions of guidance and contro!, communi- 
cations, lire support, etc. Uther assignments include system optimi- 
zation studies with respect to overall vehicle performance, relia- 
bility, weight, etc.; determination of optimum allocation of error 
budgets among major subsystems; development of mathematical 
moaels of spacecratt subsystems anda veritication of adequacy ot 
these modeis against dynamic operation ot actual equipment; 
determination ot systems oriented objectives for simutation pro- 
grams and interpretation of simulation results; and tne analysis 
of !aboratory and rield test results of vehicle systems and the deter- 
mination of ettects upon overall system perrormance. Applicants 
should possess a good working knowledge of the theory and opera- 
tion of one or more of the following equipment areas: navigation 
and guidance, airborne radar, space propulsion, airborne stability 
and control, and airborne digital! computers. 


Anti-Submarine Warfare Systems Engineers—BS or advanced degree 
with a minimum of 3 years experience in overall ASW system devel- 
opment. A broad background covering acoustics, magnetic theory, 
digital data processing and ASW airborne and surfaceborne tactics 
is essential, as well as a strong mathematical background covering 
probability, mathematical model construction and error analysis 
methods. 

Senior Programmer—Three to five years programming experience 
on general purpose equipment with an applications background in 
the scientific fields of systems simulation, real time programming, 
math, modeling, systems analysis and differential equations. BS in 
science, Mathematics or Physics as a minimum. Desirability for a 
strong engineering orientation in systems analysis. Complete pro- 
gramming knowledge of the IBM 7094 including FORTRAN, and 
FAP languages. 


To arrange an immediate interview, 
SEND RESUME ta 

Mr. P. M. Van Putten, 

Manager Engineering Emplayment, 
Dept. GR-86 


See next week’s issue for 
additional professional opportunities. 


Systems Integration Engineers—to functionally integrate the sub- 
systems of an advanced manned spacecraft into the overall space- 
craft system assuring the compatibility of all equipments and their 
Capability to meet mission objectives. These subsystems include 
the latest developments in space guidance and navigation, vehicle 
reaction control, rocket propulsion, life support, power generation, 
communication, instrumentation, ground support, etc. Task assign- 
ments include preparation of system functional diagrams and 
descriptions, review of hardware schematics, review of all specifi- 
cations, and trade-off studies developing functional requirements 
implementation and component integration. Applicants should 
possess a BS or MS degree in ME, EE or physics and a minimum of 
3 years of experience in major systems integration efforts. The 
ability to effectively communicate with specialists in various aero- 
space fields is also required. 


Missiles Systems Engineers—BS or advanced degree with a mini- 
mum of 3 years experience in analyzing, integrating, interfacing 
and developing. air !aunched missile systems. Must be tamiliar with 
homing and guidance concepts, contro! mechanization, kill mech- 
anisms, analytical tools for determining effectiveness, radar tech- 
niques, and aircraft interface requirements. Positions encompass 
interpreting aircraft requirements, evaluating effectiveness, deter- 
mining interface compatability, and planning and interpreting 
flight evaluation. 


Attack and Reconnaissance Systems Engineers—BS or advanced 
degree with a minimum of 3 years experience in overall develop- 
ment of airborne attack and reconnaissance systems. Knowledge 
of components which comprise these systems such as analog and 
digital special purpose computers, displays, sensors including 
radar, inertial platforms, !R and visual or photographic inputs, guid- 
ance and control, and autopilots is essential. Duties include: defi- 
nition of the requirements tor the systems, analysis and synthesis 
of the systems, simulation, and flight development for final verifi- 
cation. 


GRUMMAN 


AIRCRAFT ENGINEERING CORPORATION 
Bethpage - Long Island : New York 


An Equal Opportunity Employer 
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Interest Grows in Oceanography Uses 


One-third of Navy oceanographic budget aimed at strictly military 


goals; revised TENOC expected to stress hardware application 


THE NAVY’S 10-year plan in 
oceanography calls for spending $1.315 
billion within the 1963-70 period. This 
money does not include the cost of 
oceanographic work performed by other 
government agencies, but that may be 
of direct use to the Navy. 

About one-third of the money the 
Navy is planning to spend is slated for 
research leading directly to military ap- 
plications. This research falls into four 
major areas: acoustics, magnetics and 
gravity, Arctic operations, and environ- 
mental forecasting. About $480 million 
is involved. 

The remaining $835 million has 
non-defense as well as defense impli- 
cations. It is therefore considered not 
only a part of the Navy’s program but 
also as a part of the country’s overall 
effort in Oceanography. 

@ Fiscal 1965—For oceanographic 
work in Fiscal 1965, the Navy asked 
Congress for $120.3 million, an increase 
of 12% over the $106.9 million re- 
quested last year. The Navy was finally 
given only $88.1 million for Fiscal 1964 
as a result of Dept. of Defense cuts 
in the Navy’s oceanographic budget as 
well as a Congressional cut in the 
Navy’s Research, Development, Test 
and Evaluation (RDT&E) budget. 

Reductions resulting from the Fiscal 
1964 cuts were chiefly in the Navy’s 
oceanographic shipbuilding program. In 
addition, the Navy cut back on pro- 
curement .of modern instrumentation, 
survey operations of the Oceanographic 
Office, and contributions to the opera- 
tions of the National Oceanographic 
Data Center. 

For Fiscal 1965, the RDT&E budget 
was cut about three percent, but at this 
writing it is not yet known how this 
will affect the Navy’s oceanographic 
budget. 

Commenting on the reduction in 
oceanographic money for the Navy for 


Fiscal 1964, an Executive Branch agency 
said, “In the long run, the program may 
benefit from this decision because of the 
opportunity deliberately taken to evalu- 
ate performance of new ships already 
in operation or funded, before proceed- 
ing with construction of duplicates.” 

Continuing, the Interagency Com- 
mittee on Oceanography (ICO) of the 
Federal Council for Science and Tech- 
nology noted that by this delay there 
will also be opportunity to explore the 
emerging potential of such unconven- 
tional data-gathering tools as unmanned 
buoys, submarines, and FLIP-type plat- 
forms. 


@ Who’s in charge—The Navy’s 


‘research in oceanography is supported 


by five of its establishments: Office of 
Naval Research, Naval Oceanographic 
Office, Bureau of Ships, Bureau of 
Naval Weapons, and Bureau of Yards 
and Docks. 

Their activities are coordinated 
through the Oceanographic Policy and 
Programs Board, the Oceanographer of 
the Navy serving as chairman. This 
Board is responsible for the Navy’s 
participation in the overall national pro- 
gram in oceanography, as outlined by 
ICO. 

For the current Fiscal Year, about 
55% or $66 million of the Navy’s pro- 
gram in oceanography is also part of 
the national oceanographic effort, which 
is planned and coordinated by ICO. 
The Assistant Secretary of the Navy 
(R&D) serves as chairman of ICO, 
whose eight departmental members rep- 
resent 15 agencies engaged in the na- 
tion’s oceanographic effort. 

To coordinate so many diverse 
groups into a single group with a unified 
purpose is considered a unique achieve- 
ment. This was affirmed by J. H. Wake- 
lin, Jr., former Assistant Secretary of 
the Navy (R&D), who told the House 
Committee on Appropriations earlier 
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this year, “To my knowledge, (this 
oceanographic effort) represents the 
largest scale effort that our govern- 
ment has yet put forth in expressing 
the unified plans of so many agencies 
over a 10-year period in a single sci- 
entific area.” 

@ Background of ICO—This coun- 
try in 1958 was spending less than $35 
million a year for studies of the ocean, 
out of a national basic research budget 
of well over one billion dollars. Con- 
cerned that “this feeble effort thwarted 
fulfillment of their statutory missions,” 
some of the federal agencies asked the 
National Academy of Sciences to look 
into the nation’s oceanographic require- 
ments and come up with a 10-year plan 
to help satisfy these needs. 

On the basis of the Academy’s sub- 
sequent report, the Executive Branch 
and Congress made a pointed effort to 
increase the country’s support in the 
oceanographic field. The newly formed 
Federal Council for Science and Tech- 
nology set up ICO in order to elevate 
the study of the ocean “from its com- 
paratively primitive state of resources 
and activity to one in healthier balance 
with science and technology as a whole 
and more responsive to national needs.” 

As a result, the federal oceano- 
graphic budget grew from a Fiscal 1959 
level of $32 million to $55 million in 
Fiscal 1960 and to $62 million in Fiscal 
1961, with a budget supplement in 
Fiscal 1962 totaling $105 million. 
Partly as a result of Congressional ac- 
tion on the President’s budget, the $124- 
million financing oceanography received 
in Fiscal 1963 leveled off in Fiscal 1964. 

® The ICO budget—ICO’s long- 
range oceanographic plan covering the 
decade 1963-1972 was approved in 
1963 by the Federal Council. As a 
result, the current Navy oceanographic 
budget as well as the budget of other 
government agencies working in ocean- 
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ography are the first prepared with the 
objectives and recommendations of the 
long-range plan in view. 

In an analysis of the national ocean- 
ographic program for Fiscal 1965, ICO 
says that even though the nation’s cur- 
rent proposed oceanographic budget of 
$138 million “has been kept to a mini- 
mum consistent with requisites, there 
is, neverthcless, some proposed growth.” 
This is in research, instrumentation and 
facilities components, which “form the 
cutting edge for scientific accomplish- 
ments (and) will grow from $68 million 
in FY 1964 to $86.7 million (in FY 
1965), thus preserving the momentum 
already established.” 

ICO also identified a number of 
major program components deserving 
further study and emphasis: deep-sea 
research, and vehicles needed for this 
work; a more vigorous study of air/sea 
interaction; and a detailed rationale 
for future survey operations. 

ICO is calling for approximately 
$2.3 billion for the 1963-72 period to 
be used for the national program in 
oceanography. As stated before, this 
money does not include some items of 
direct defense interest, which are fi- 
nanced over and above JCO’s recom- 
mended budget. ICO hastens to point 
out, though, that much of the work it 
proposes is of high benefit to the Navy’s 
defense mission. 

At the same time, ICO does recog- 
nize and apportion part of its suggested 
budget for the nation’s defense. This is 
the $845-million figure for the Navy 
mentioned earlier. 

ICO gives the following relative fi- 
nancial emphases in the program form- 
ing its $2.3-billion long-range plan: 
strengthening basic science, 56% (more 
than half of this figure, or 36%; is also 
included in the rest of the detailed 
breakdown); defense, 36%; managing 
resources and health hazards in the 
world ocean, 19%; protecting U.S. pub- 
lic health, 4%; managing resources ac- 
cessible to U.S. alone, 4%; contributing 
to the protection of lives and property 
ashore and safety of operations at sea, 
2%; and finally, surveys and services to 
oceanography, 12%. 

Yet, despite Administration and 
Congressional backing of a progressive 
national program in oceanography, the 
outlook is not as bright as ICO has 
hoped it would be. J. H. Wakelin re- 
cently complained that approval for 
oceanographic financing comes in bits 
and pieces from Congress. The reason 
is that a number of agencies must sepa- 
rately go before the legislative body for 
appropriations. Because of this, “the 
collective strength (the agencies) enjoy 
in the establishment of a national 
(oceanographic) program can be weak- 
ened appreciably by reduction of indi- 
vidual agency and department programs 
with the result that the entire effort 
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suffers,” he said. 

He called this the major oceano- 
graphic problem and feared “it will lead 
to program stagnation.” For instance, 
the Fiscal 1964 President’s budget of 
$156 million was reduced to the Fiscal 
1963 level of $124 million by Congres- 
sional committee action. Wakelin did 
not see the Fiscal 1965 oceanographic 
program faring much better. 

He said that as more sophisticated 
instrumentation is developed, it also be- 
comes more expensive to operate. Fur- 
thermore, education costs, ship operat- 
ing costs, and salaries are still rising. 
Yet the oceanographic program is con- 
fronted by level funding. “In considera- 
tion of the potential involved, we con- 
sider this a most depressing outlook,” 
said Wakelin. 

@® Using the data—“‘The Navy has 
been testing techniques for applying 
oceanographic data to operational prob- 
lems for more than two years,” Rear 
Admiral Denys W. Knoll, Oceanog- 
rapher of the Navy and Commander of 
the U.S. Naval Oceanographic Office, 
told MissiLEs AND RocKETs. “The future 
of Navy oceanography depends on how 
rapidly we can apply our knowledge so 
that we can continue to predict phenom- 
ena that effect successful ASW and other 
submarine operations.” He called for 
selecting techniques that have merit and 
collecting new data of a synoptic nature 
that “will permit us to handle dynamic 
problems, particularly as they apply to 
ASW.” 

Reflecting a similar view, Wakelin 
told Congress that the Navy over the 
next several years will continue to em- 
phasize the data-collecting side of its 
oceanographic work. He explained that 
as the survey program, research pro- 
gram, and shipbuilding program for re- 
search vessels in oceanography come 
along in the next two years, “I think 
then we will be able to start consolid- 
ating the data for the Navy’s own op- 
erational use.” He pointed out that this 
is the end result of oceanography. 

“We are not out to do scientific col- 
lection jobs per se,” he said. “We are 
using this to learn more about the 
medium, and to apply it directly to fleet 
operations and ASW problems.” 

One “very important field” called 
out by Wakelin is deep submersibles, 
which is part of the Navy’s extension 
of research work in oceanography. “We 
think we should get in the engineering 
phases so we are capable of operating 
at depths down to 1,000 ft.,” he said. 

© TENOC 1963—In 1961, the Navy 
first proposed a 10-year program in 
oceanography, called TENOC. This was 
revised last year but has not yet been 
released. 

TENOC I, the first version, em- 
phasized basic research in oceanog- 
raphy. TENOC II, expected to be ready 
shortly, devotes more time and money 


to the applications of oceanographic 
data. A high Navy official explained to 
M/R that when TENOC I was being 
made up, no one was taking a hard 
look at long-range sonar problems and 
their relationship to the ocean. “Now 
we are more systems oriented; TENOC 
II is trying to tie oceanographic research 
in closely with hardware development.” 

© Problem areas—ICO divides the 
national oceanographic research pro- 


..gram into five problem areas, all of 


which the Navy is interested in for its 
ASW work: physical properties and 
motion of the sea; ocean-atmosphere 
inter-relationships; biological properties; 
structure and history of the ocean floor; 
and modification of the sea. 

For contracts relating to the physi- 
cal properties and motion of the sea, 
the Office of Naval Research (ONR) 
has a proposed Fiscal 1965 budget of 
nearly $9 million. The agency supports 
research through contracts with univer- 
sities, research institutes, other govern- 
ment agencies and industry. 

ONR reports that this budget will 
support an extensive program directed 
at obtaining time measurements of 
physical quantities in the deep ocean. 
Long-range telemetering buoys are be- 
ing developed by the Convair Div. of 
General Dynamics Corp. Together with 
the necessary shore command stations 
and sensors, experimental buoys will be 
used by Texas A&M University, Scripps 
Institution of Oceanography, Lockheed 
Aircraft Corp., University of Wisconsin, 
the Navy Electronics Laboratory and 
other institutions. 

In addition to current studies, other 
experiments will be undertaken to de- 
termine the energy spectra of internal 
waves both in the open ocean and in 
confined bodies of water. 

The Bureau of Ships expects to 
spend about $2 million this year to con- 
tinue its study of the distribution of 
sound velocities in the ocean. To this 
end, BuShips will use improved sensors 
mounted on oceanographic towers, sur- 
face ships, and the bathyscaphe Trieste. 

The Bureau of Naval Weapons has 
asked for more than $2 million for Fis- 
cal 1965 to conduct experiments “im- 
portant to weapon system design, de- 
velopment, and prediction of systems 
performance.” Some new oceanographic 
research ships will be used for these 
purposes. 

Under this BuWeps program, the 
University of Washington Applied 
Physics Laboratory, using a deep-sea 
unmanned vehicle, will continue to study 
the horizontal variability of physical 
properties in the ocean. It is also re- 
ported that the Naval Ordnance Test 
Station, China Lake, Calif., will use a 
recently developed sound velocity-tem- 
perature-pressure measuring set to study 
the microstructure of physical and 
chemical properties. 
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One of the programs the Navy con- 
siders most exciting in the field of ocean- 
atmosphere inter-relationships is called 
ASWEPS, an acronym for an anti-sub- 
marine weapons environmental predic- 
tion system. This program, expected to 
be operational next year, will attempt 
to predict the state of the ocean, par- 
ticularly for ASW commanders. This 
is analogous to weather predictions ex- 
cept it deals with factors such as ocean 
temperature, currents and salinity, all of 
which have a bearing on the ASW prob- 
lem. 

This work is not ICO-supported nor 
does it appear within the TENOC II 
projection. Instead, when it becomes op- 
erational, it will be funded by the Navy 
under its fleet operations budget. 

Commenting on the problem of pre- 
dicting the state of the ocean, a naval 
officer wryly observed how difficult, 
even with data from satellites, it is for 
meteorologists to tell what the weather 
is going to be. 

ONR is planning to spend nearly $3 
million this fiscal year on a program 
designed to take stereophotographs of 
the sea surface in an effort to determine 
ocean-atmosphere inter-relations. With 
ONR, the Naval Oceanographic Office 
and the Applied Physics Laboratory of 
Johns Hopkins University will jointly 
sponsor shipboard stereophotography to 
determine capillary wave spectra. Meas- 
urements of radar backscatter to deter- 
mine the spectra of larger wind waves 
will be taken concurrently with aircraft 
stereophotography. 

ONR will also be spending another 
$2 million to look into some of the bio- 
logical properties of organisms in the 
ocean. In particular, the Navy is eager 
to understand the effects of biological 


provide an additional degree of freedom 
to oceanographic research.” Reference 
is to the deep-sea research vehicle pro- 
gram, which ICO selected for special 
emphasis during Fiscal 1965. 

Because oceanographic work is 
made up of so many bits and pieces, one 
of the big technical problems is how to 
assimilate and use the mass of data 
coming in. This is the work of the 
National Oceanographic Data Center, 
located in Washington, D.C., which is 
having a problem analogous to space 
scientists trying to reduce and digest 
satellite data. The Data Center, though, 
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is working on automatic systems to help 
compile, process and preserve data in a 
form permitting rapid retrieval. 

As with the ASW problem itself, the 
Navy is persuaded that there is no 
formula able to describe the ocean even 
in approximate terms. The best that can 
be done is to analyze statistically the 
major features of the ocean, their vari- 
ability, and their effects on ASW de- 
vices. From this experience repeated in 
many ocean locations over a long period 
of time, patterns have and will continue 
to emerge to form the art of anti-sub- 
marine warfare. | 
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organisms on sound propagation, to pre- 
dict and control bioluminescence, to 
understand the mechanics of fish pro- 
pulsion, and to understand marine ani- 
mal communications. 

In an effort to look into the structure 
and history of the ocean floor, BuShips 
through the Navy Electronics Labo- 
ratory and at the Lamont Geological 
Observatory, will back a program in 
geological-geophysical research with em- 
phasis on problems of sound propaga- 
tion applied to undersea warfare. Studies 
will also continue, under BuShips spon- 
sotship, of geological structure, sedi- 
mentation processes and mass physical 
properties of sediments, by using the 
Trieste deep-diving vessel and other ve- 
hicles. 

In addition, observational and in- 
strumental techniques for obtaining in- 
formation on the processes of erosion, 
turbidity currents, and sediment trans- 
port will be developed, according to a 
Tecent ICO report on the national 
oceanographic program for Fiscal 1965. 

This report also underscores “an 
urgent need for underseas vehicles to 
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In building the A3J-I system for the Navy, 
Link made significant advances in the state- 
of-the-art of aviation training. Special vans 
built by Dorsey house the three units— 
flight simulator, bomber-navigator trainer 
and tactical simulation trainer. 

For any project involving mobile equip- 
ment our Special Products Division engj- 
neers can hold time and cost to a minimum 
and insure reliability as well. They have suc- 
cessfully completed a wide variety of R & D 
assignments on trailers for electronics in- 
stallations as well as vans to hau! delicate 
cargoes. Dorsey builds special trailers to 
any desired stage of completion. Can we 
help you? If urgency dictates, we can be 
at your desk within hours. 


ime | Write for our brochure 


“Mobile Support Equipment” 
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Special Products Division 


DORSEY TRAILERS /ELBA, ALABAMA 


Subsidiory of The Dorsey Corporation 


The accoustical ceiling, special lin- 
ing and floor installed by Dorsey 
are shown in this photo of the 
briefing room. All three trailers 
are insulated and air conditioned. 
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Propulsion Research Far More Secret 


Than Work in Related Materials Area 


Space propulsion firms easily cross over into underwater 
activity; steel, aluminum, titanium and glass-reinforced 
plastics are all investigated for deep-submerging structures 


TWO ASPECTS of the Navy’s ASW 
efforts—underwater propulsion and ma- 
terials—are closely related, but the ac- 
tivity in both areas is minor in compari- 
son with the problems under siege in 
detection and identification. 

Detailed information on the diverse 
programs of underwater propulsion, 
both primary and secondary, is highly 
classified. It is known that funds are 
going into this research area. 

On the other hand, because the ma- 
terials work is receiving relatively little 
Navy sponsorship, a great deal of infor- 
mation on this area is available. What 
is known indicates there is slight chance 
in the foreseeable future of any major 
construction program involving new 
materials and new approaches to ship 
construction. 

© Propulsion—The similarities be- 
tween underwater propulsion and its 
equivalent technology in space are strik- 
ing—a fact demonstrated by the ease 
with which rocket propulsion firms have 
moved into both ASW and oceanogra- 
phy. 

Chief among the many common 
points between rocket engine problems 
and those associated with deep sub- 
mersibles is the high ratio of output 
power to system weight. Both weights 
and sizes are usually fixed in submersi- 
bles for any number of reasons. The 
problem is, then, to reach maximum 
efficiency. 

External pressures imposed by vary- 
ing depths should not appreciably affect 
the power output control. However, 
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there is the difficult problem of provid- 
ing propulsive power to a vehicle while 
preventing course detection. 

The deeper such operational ve- 
hicles go—manned or unmanned, tor- 
pedoes or detection devices—-the 
greater become the back pressures on 
propulsion systems. Concepts involving 
thermal direct exhaust systems operat- 
ing at chamber pressures above that of 
the environment are being studied. 

There are many heavily classified 
research efforts in this general area— 
ranging from uprated conventional pro- 
peller systems through high-energy 
rocket motors. As with the detection 
problem, no major breakthroughs can 
be anticipated. The route is through in- 
telligent engineering compromises. 

A second factor is the ability of 
the enemy to function at such depths. 
There does not seem to be great con- 
cern in the Navy about combating deep 
submersibles. There is a desire to oper- 
ate in a military sense at these depths, 
but economic considerations and the 
lack of an immediate threat keep the 
programs at relatively low levels within 
the overall ASW effort. 

The loss of the submarine Thresher 
pointed up the need to have at least a 
rescue ability below the collapsing depth 
of currently operational subs. The 
Navy is attacking this problem fairly 
vigorously. 

There are no major materials pro- 
grams directed toward surface ships. 
Most of the effort is confined to sub- 


marine hulls, with the emphasis on 
deep submersibles—both manned and 
unmanned. 

Numerous materials are being con- 
sidered for deep submersibles. 

@ Steel—The problem with steel is 
the low strength-to-weight ratios of cur- 
rently available structural grades. There 
are development programs in plate 
steels with HY 150, 150,000 psi yield 
strength and also in the HY 180 and 
HY 200 steels. 

Low-alloy steels to 300,000-psi yield 
strengths have been fabricated but em- 
body welding difficulties. These usually 
require extensive heat treating of the 
weld and heat affected zone to approach 
base metal properties. Notch sensitivity 
also increases with strength. 

The class of 18% nickel maraging 
steels is being studied. These develop 
maximum strengths from a relatively 
simple heat treatment. Problems cited 
with this material are its high cost and 
relatively high notch sensitivity. Indus- 
try sources indicate this steel could be- 
come a prime candidate for deep-diving 
submersibles if it can be improved to 
lower its notch sensitivity. 

Another class under consideration 
is the high manganese stable austenitic 
steels. These could become useful for 
submersibles if developed toward this 
end. They could be expected to give 
nearly 100% weld joint efficiency and 
are theoretically capable of strengths 
over 200,000 psi with good notch 
toughness to very low temperatures. 

The manganese austenitic steels de- 
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diving submarine designed and built by Reynolds International 


will form part of hull of deep-submergence vehicle Benthos 
(right). Material has theoretical strength-to-weight ratio greater 
than that of currently used aluminum and steel alloys. BOTTOM 
LEFT: Aluminaut, an all-aluminum bolted-construction deep- 


Inc. Revolutionary sub is nearing first sea tests. BOTTOM 
RIGHT: High-purity alumina sphere developed by Coors Porce- 
lain Co. demonstrates buoyancy in Colorado pool. Manufac- 
turing/ production techniques are established. 


velop strength through cold working— 
an impractical approach for the welds 
of large structures. But certain metal- 
lurgical similarities of these steels in 
their lattice structure to aluminum and 
copper indicate a possible route to their 
potential high strength may be through 
precipitation hardening. 

There is a trend toward develop- 
ment of a 150,000 to 200,000-psi yield- 
strength steel that can be easily welded. 
Development work is required on both 
the 18% nickel maraging steels and 
stable austenitic steels. 

@ Aluminum—The Navy has ex- 
hibited a strong dislike for bolted hulls 
designed to penetrate great depths. 
Thus, the main problem with aluminum 
is again welding high-strength alloys. 
A second problem is corrosion. 

The 7079 grade of aluminum is 
thought to be one of the best alloys 
for deep-submergence. This alloy can be 
hardened to high strength levels in 4 to 


6-in. thicknesses. But the alloy is not 
weldable as used in large structures and 
poses many problems in fabrication that 
can be handled only through the closest 
control of each step in fabrication. 

Aluminum looks promising to 
depths somewhat greater than that ob- 
tainable with steel. For this reason, weld- 
ing properties of high strength alumi- 
num are being researched. 

® Titanium—Probably the metal 
with the greatest potential for deep 
depth submersibles is titanium—but the 
welding problem is considerable. Un- 
conventional designs and fabrication 
methods would have to be used to take 
full advantage of the metal’s proper- 
ties. 

Once again the welding area is the 
problem, since it must be performed in 
a vacuum or with inert shielding gas. 
Developments in electron beam welding 
and portable vacuum chambers with 
walking seals may alleviate this. 
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® Glass-reinforced plastics—The ma- 
jor drawback here seems to be the re- 
quirement for an unconventional 
method of assembly. There are minor 
problems with creep and the action of 
salt water on the resin, which tend to 
reduce compressive strength after pro- 
longed immersion. 

From a strength-to-weight consid- 
eration, glass-reinforced plastic is the 
best material. But new methods of join- 
ing and bonding must be developed be- 
fore its potential can be realized. 

While all of these advanced mate- 
rials appear promising for marine ap- 
plications at great depths, their opera- 
tional use in ASW is a long way off. 
There are hard research programs in 
being—-the Aluminaut and the Dolphin 
being two examples. But both are con- 
sidered to be research vehicles—espe- 
cially the Dolphin. This vehicle will 
carry a 20-man crew while also gen- 
erating structural data since its hull 
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will be highly instrumented. 

The first major use of glass and 
ceramics as deep submergence vehicle 
hulls will come with the fabrication of 
the free-diving instrumentation capsule, 
Benthos. 

Designed by experts at the Ordnance 
Research Laboratory of Pennsylvania 
State University, the Benthos will bc 
the first in a series of glass-and-ceramic 
unmanned instrumentation capsules. 

The projected depth capability is 
in excess of 30,000 ft., with a buoy- 
ancy better than 60% of the displaced 
water. Dr. J. D. Stachiw of ORL says 
only glass could allow the incorporation 
of so much buoyancy at such depths. 

The length-to-diameter ratio of Ben- 
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flexure-resistant structure using mc- 
chanical breech-type joints. The joint 
design locking mechanism is located 
inside the shell wall matching exactly 
the external surface and protruding as 
little as possible into the payload sec- 
tions. 

Corning Glass Works is making the 
hull sections out of Pyroceram Code 


No. 9606 glass-ceramic. The fabrica-. 


tion process consists of spin casting, 
induction of crystallization in the glass, 
grinding the interior ribs to size and 
fortifying the ground surfaces against 
crack inception. 

The Pyroceram glass-ceramic was 
chosen because of its high compressive 
strength (greater than 300,000 psi) and 
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OF glass-ceramics (Pyroceram) with other deep-submersible materials 


collected by Dr. J. D. Stachiw of Pennsylvania State University. 


thos was selected to give the vehicle 
a payload range between 100 and 150 
Ibs. with a remaining buoyancy of 70 
to 20 lbs. This buoyancy is thought to 
be sufficient to give the vehicle any- 
where from 25 to 5-knot ascent velocity 
with its payload after ballast release. 

© Hull construction—The hull con- 
sists of four glass-ceramic sections and 
one metal stabilizer, all locked together 
to form a monolithic pressure-and 
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since the material characteristically does 
not fail under compression. It actually 
gets stronger the deeper it goes. 

Corning specialists say the theoreti- 
cal strength-to-weight-ratio of the glass- 
ceramic is higher than high-strength 
aluminum and steel alloys now used 
for underwater vehicles. 

Various experiments tend to con- 
firm this. H. A. Perry of the Naval Ord- 
nance Laboratory tested glass spheres 


by lowering them to predetermined 
depths in the Puerto Rico Trench and 
then setting off explosive charges nearby. 

Perry found that the bending load 
characteristic of the glass improved as 
depth increased 21,000 ft.—without 
reaching a maximum. 

Stachiw tested spherical models of 
the Pyroceram glass-ceramic and found 
that at implosion, maximum compres- 
sive stresses were 364,000 psi. 

And last year Corning Glass made 
glass spheres for a Coast and Geodetic 
Survey experimental undersea instru- 
ment platform that supported three 
anchor cables reaching 8,500 ft. to the 
ocean floor. The glass floats had a speci- | 
fication to withstand hydrostatic pres- 
sures up to 2,670 psi for a minimum 
of six months. Tests before use showed 
an ability to take several times this 
pressure for longer periods. 

@ Weldless aluminum sub—The 
Aluminaut, an all-aluminum submarine 
capable of operating to depths of 15,000 
ft., was launched Sept. 2 at Groton, 
Conn., by its builders, the Electric Boat 
Div. of General Dynamics Corp. 

Conceived and designed by J. Louis 
Reynolds, chairman of Reynolds Inter- 
national, Inc., subsidiary of Reynolds 
Metals Co., the research boat hull is 
completely weldless. Eleven forged alu- 
minum cylinders, each 40 in. long and 
6.5 in. thick are held together with 400 
precision aluminum bolts. 

Two years of research at Reynolds 
resulted in the choice of aluminum alloy 
7079-T6—a material with a_ yield 
strength of 60,000 psi in the thicknesses 
used. At a depth of 23,000 ft. the excess 
buoyancy is 31%. 

The deep-diving craft is 50 ft. 11 in. 
long with an inside diameter of 7 ft. 
The Aluminaut displaces 150,000 Ibs., 
has a cruising speed of 3.8 knots and — 
a range of 80 miles. Its maximum sub- 
merged time is 72 hours. 

The construction techniques and 
heavy-wall aluminum fabrication meth- 
ods used represent a state-of-the-art im- — 
provement in such vessels. The Alumi- 
naut represents a Reynolds investment 
of more than $3 million and five years 
of research, test and development. 

The Navy has exhibited consider- 
able reluctance to move into bolted con- 
struction for manned undersea vehicles. 
The long history of successes with weld- 
ing in such vessels may be difficult to 
overcome although Reynolds will soon 
take the crucial test with the Aluminaut 
at operational depths. 

In addition, deep submersibles are 
not considered to be directly a part of 
the current ASW effort, but information 
gathered by such vehicles, manned or 
otherwise, will be used in ASW pro- 
grams. a 
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MISSILES AND ROCKETS, the weekly of Space Systems 
Engineering, will publish its fourth annual NASA Issue on 
November 30, 1964. 


This annual issue, now accepted as the authoritative publication on the 
nation’s space agency, will examine future procurement plans of the National 
Aeronautics and Space Administration and three organizations allied with it 
in exploring the peaceful uses of space, Communication Satellite Corporation, 
Atomic Energy Commission and the U.S. Weather Bureau. 

With major procurement for the Apollo manned lunar landing program now 
behind it, NASA is deep in the planning for new projects to expand man's 
knowledge of space, including such post-Apollo missions as the Lunar Logistic 
Supply System, Manned Orbital Research Laboratory, Extended Apollo, Project 
Voyager and Manned and Unmanned Planetary Probes. ComSat Corp., AEC 
and the Weather Bureau are drawing up plans for their growing participation 
in the peaceful use of space. 

This issue of MISSILES AND ROCKETS provides the recognized and au- 
thoritative route to reach the men who will be making the research, design, 


engineering | and | procurement decisions in these new multi-billion dollar 
programs. 


By request, the fourth annual NASA issue of MISSILES AND 
ROCKETS will provide 5,000 bonus circulation to the decision- 
bonus circulation ly makers in NASA, AEC, ComSat Corp. and the Weather Bureau. 


This means more impact, more readership for your advertising 
dollars in MISSILES AND ROCKETs. 


publication date—nov.30, 1964 advertising closes—nov. 16, 1964 


missiles and rockets 


American Aviation Publications, Inc., 1001 Vermont Ave., N.W., Washington, D.C. 20005 


Aa SW special report 


New Undersea Test Facility To 


Go Operational in December, 1965 


Bahamas site offers sheltered ‘inner space’ range for testing 
and evaluating Weapons, sonar and other ASW hardware; ITT 
‘gets systems management Job; British to share facilities 


AUTEC—the Atlantic Undersea 
Test and Evaluation Center—will give 
the Navy an “inner space” range of 
incomparable effectiveness in evalu- 
ating ASW weapons and equipments. 

For the first time, it will be possible 
to test to the limits of their design the 
performance of long-range weapons 
such as Asroc, Subroc and torpedoes 
and sonars ranging from fixed systems 
to dipping transducers. 

Located 130 mi. southeast of Miami 
on Andros Island in the Bahamas, the 
$100-million AUTEC takes advantage 
of a deep water trench along the eastern 
shore of the island. This trench varies 
in depth from one fathom in the tide- 
waters to 1,000 fathoms throughout 
much of the range’s length and breadth. 
More importantly, the trench—called 
the Tongue of the Ocean—is sheltered 
by the Grand Bahama Bank from the 
sounds and turbulence of the open 
Ocean as well as from major ship traffic. 
The only navigable entrance to this 
80-mi.-long, 20-mi.-wide cul de sac is 
a narrow channel which passes north 
of Nassau. 

Thus, in AUTEC, the Navy has a 
realistic piece of ocean, operable almost 
all year around and environmentally 
protected from the disruptive influences 
of the open ocean. With the increased 
range, speed and depth capabilities of 
modern ASW weapons and sonars, the 
Navy has desperately needed such a 
facility. 

Until AUTEC is operational in 
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December, 1965, the Navy will have to 
continue to depend on the depth- and 
range-limited Dabob Bay test station 
at Keyport, Wash. This land-locked 
range has a length of only 6-7 mi. and 
a maximum depth of 600 ft. Although 
it is being improved, it will never be 
suitable for long-range, deep-water 
testing. 

To overcome these disadvantages, 
the Navy has tried to test its weapons 
and equipment in the open ocean. 
However, according to a Navy official, 
these “jury-rigged attempts at open sea 
testing are expensive and the results 
obtained are not very good. But this 
was something the Navy had to learn 
the hard way.” 

So desperate was the Navy for a 
weapons test area that, during the pro- 
tracted negotiations with the British 
and Bahamian governments for use of 
Andros Island and Tongue of the 
Ocean, it established an interim under- 
water tracking range as St. Croix in 
the Virgin Islands. This facility was 
needed for the operational evaluation 
of the Mark 46 torpedo, Navy officials 
explained. 

® A unique anomaly—AUTEC, 
taking advantage of the very deep, 
sheltered basin off Andros Island, offers 
the Navy a research tool in which the 
technological base of underwater sys- 
tems can be expanded indefinitely. How- 
ever, should the demands on AUTEC 
exceed the capacity of the range, the 
Navy can expand into another deep- 
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water trench—Exuma Sound—located 
only a few miles from Tongue of the 
Ocean. This sound is 100 mi. long and 
40 mi. wide, with water 5,000-6,000 ft. 
deep. Closer to the open ocean and 
with more channels in and out of the 
sound, the area is less suitable than 
AUTEC site but still incomparably 
better than other deep-water areas 
surveyed. 

® 3-D research too—AUTEC is a 
research and development facility, 
Navy officials emphasize, and will be 
concerned with such things as under- 
water acoustics, deep-ocean environ- 
mental effects on sonars, Oceanography 
and development, and test of underseas 
transducers and weapons. 

Feasibility of such a facility was 
proven in 1961 by Lockheed Aircraft 
Co., in a six-month study of the mission 
and requirements of an advanced test 
and evaluation center. 

The underseas test and evaluation 
center will consist of three major ranges 
—an acoustic range, a sonar calibration 
Tange and a weapons test range. 

The experimental and survey work | 
has been completed for the acoustic 
range. Some of the sensors are already 
in the water and the rest to be installed 
within a year. The shore-based acoustic . 
systems are being designed and the en- 
tire acoustic range is expected to be 
Operational in two years. 

The sonar calibration range is to | 
be operational in two years, while only 
the launch and impact areas of the 


weapons test range will initially be 
instrumented. All of the underwater 
sensors will be permanently emplaced 
‘and terminated in shallow water so 
‘that these test points are readily acces- 
sible. 

The acoustic range will consist of 
Tange tracking systems, underwater 
lcommunications, active and passive 
navigational aids and the noise-sensing 
systems themselves. In turn, these sen- 
sors will be instrumented to provide 
data on the hydrophone’s depth and 
orientation as well as a leak detector to 
determine the system’s status. Each 
sensor will be capable of being raised 
to the surface for maintenance. 

The acoustic hydrophones are ar- 
ranged on the bottom of the trench at 
fixed intervals and connected to a shore- 
based data-processing system. The ar- 
Tangement of the sensors resembles a 
gridiron. 

On this range the sounds produced 
by Navy systems can be measured and 
characterized. Thus, the Navy will have 
a valid index of the noise levels of both 
its surface ships and its submarines— 
important in the continuing program 
of ship-silencing. 

® Sonar range—For the first time, 
the Navy will be able to evaluate com- 
pletely the performance of its ship, 
submarine, dipping and variable-depth 
sonars. The importance of this was em- 
phasized by an industry official who 
told MissiLEs AND ROCKETs that not 
more than one-quarter of sonar errors 
can be traced to the environment. The 
hardware itself is the major contributor 
to the remaining error, he said, and poor 
calibration is a primary cause. 

On the sonar calibration range, all 
aspects of sonar performance—source 
strength, receiver sensitivity, beam pat- 
terns, and accuracies—can be evaluated 
in all modes of operation, active and 
passive, and all azimuths. By measur- 
ing the system against a primary stand- 
ard, accurate calibration can be ob- 
tained. 

® Weapons range—The most com- 
plicated and largest of the three ranges, 
however, will be the Weapons Test 
Range. It will be able to test Weapons 
in three dimensions—underseas, sur- 
face and in the air. A further unique 
characteristic will be its ability to track 
a variety of targets and, in a particular 
test, keep track of the attacker, the 
target and the weapon. 

The underwater tracking system is 
the most complicated and will take the 
longest to develop since, according to 
Navy officials, it is one step beyond the 
state of the art. Radar systems for air- 
borne and surface tracking will be the 
same as those used at other test ranges. 
Although initially only the launch 


and impact areas will be instrumented, 
the Navy envisions an extensive data- 
acquisition and communications net- 
work over the entire length of the range, 
linked to a central data-processing 
center. With its own launch platform 
and motor patrol boats to transport 
weapons from ocean-going vessels into 
the range for test, the Navy foresees no 
need for capital ships to enter the weap- 
Ons test area. 

A pocketsize naval facility, located 
on Andros Island, will be used to mod- 
ify weapons for test and to re-work 
weapons for additional tests. A Decca 
Mark 10 navigation aid will be used 
for precise positioning of the launch 
platform. The Mark 10 is not a general 
navigational aid but a precision system 
for very minute positioning of ships. 

At the moment, there is only one 
officer, a representative of BuDocks, in 
the area. Eventually, however, the Navy 
expects to have 25 officers and 250 en- 
listed men stationed at AUTEC, with 
perhaps 50 transient personnel conduct- 
ing tests. A small cadre of contractor 
support personnel will also be stationed 
on Andros. 

© Contractors named—International 
Telephone and Telegraph Corp.’s Fed- 
eral Labs in Nutley, N.J., was selected 
by the Navy on March 16 for “research, 
design, development, fabrication, instal- 
lation and test of in-air and underwater 
tracking systems with their supporting 
data processing facilities” for the 
AUTEC complex. 

Essentially, this means that ITT, un- 
der the $5,941,483 cost-plus-incentive- 
fee contract, will be systems manager 
for the project. The Navy will furnish 
much of the equipment, such as radars, 
power plants and machine tools, from 
surplus stocks and will procure di- 
rectly from the manufacturer micro- 
wave and telemetry equipment which 
will be Government-Furnished Equip- 
ment (GFE) to ITT. In this way, the 
Navy expects to save 12% ‘“‘off the top” 
of the cost of allowing ITT to directly 
procure the equipment. 

On Feb. 6, the Bureau Yards and 
Docks awarded an $11,242,000 con- 
struction contract to Nat Harrison As- 
sociates, Inc., and Harrison Holding, 
both of Miami, Fla., for the initial 
increment of building on Andros Island 
and eight outlaying sites. Another 
$4,882,000 was earmarked in the ’65 
budget for further AUTEC construc- 
tion. 

The contract covers construction on 
the previously uninhabited island of 
main base structures—personnel quar- 
ters, Operations shop, general storage, 
utilities and services and roads and 
fencing. Harbor facilities include ramps, 
bulkheads, a pier, rock jetties, break- 
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waters and turning basins. Construction 
is to be completed by early 1966. 

@ Long history—In August, 1960, 
MISSILES AND ROCKETs first revealed 
that the Navy was investigating the 
Tongue of the Ocean and Exuma Bay 
areas as the location of the AUTEC 
range (M/R, Aug. 1, 1960, p. 8). Sub- 
sequently, negotiations were started 
with the British for use of Andros Is- 
land, which had been bought some years 
before by the Admiralty. Negotiations 
proceeded to the point where, in 1963, 
it appeared that an agreement had been 
teached. 

However, at that point the Baha- 
mian government objected to AUTEC. 
Concessions had to be made to it be- 
fore final agreement was reached. An- 
nouncement of the understanding was 
made on May 14, 1963. 

Under the agreement, the U. S. is 
allowed use of the land for the center 
and the British Navy is allowed use 
of the facilities for testing its own ASW 
equipment or for joint testing with the 
US. 

A special account has been estab- 
lished in the U.S. Treasury in which 
the British Government has agreed to 
deposit $420,000 a year for 20 years. 
This $8,000,000 can be used by the 
Bahamian government for the sub- 
sidization of loans from private U.S. 
interests. 

The only major restriction on 
AUTEC is a specific exclusion that “no 
torpedoes nor any weapons of any sort 
with warheads” will be tested at the 
range. Excluding the political factors 
involved, Navy officials point out that 
explosions, over a period of time, would 
have a deleterious effect on the types of 
delicate instrumentation installed there 
—particularly the sensitive gridiron of 
bottom-mounted hydrophones. 

@ Weapons test ranges—With funds 
in the FY ’65 budget, the Navy plans 
to begin acquisition of land for an 
underwater tactical range in the Pacific. 
Specifically, the range will be located 
off the coast of Lanai—northwest of 
Hawaii. 

It will provide a tactical facility in 
the Pacific in which submarine weapons 
systems, sonar and fire control can be 
tested at full range. The difference be- 
tween this range and AUTEC would 
be that this would be a tactical rather 
than an R&D facility, for operational 
readiness tests. During this fiscal year 
$4.1 million is expected to be spent 
as the initial increment in establishing 
the facility. 

A range already in existence at 
Roosevelt Roads in the Caribbean is 
similar, except that it is an integrated 
facility in which both ASW and anti-air 
weapons can be fired. r 
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—ontracts 


Awards 
AIR FORCE 


$11,673,455—Aerojet-General Corp., Sacramento, 
Calif., for the manufacture and delivery of sec- 
ond stage motors for the 6th Minuteman Wing. 


$6,000,000—General Dynamlcs Corp., Astronautics 
Div., San Diego, for additonal standardized 
Atlas space launcb vebicles. 

$4,000,000—Marquardt Corp., Van Nuys, Calif., 
for continued research in advanced airbreath- 
ing propulsion concepts. 


$3,000,000—Aerojet-General Corp., Sacramento, 
Calif., for continued work in Azusa, Calif., on 
electronic equipment. 

$2,947,850—Collins Radio Co., Dallas, for contin- 
ued production of high-frequency antennas for 
Minuteman missile installations. 

$2,433,000—Aerojet-General Corp., Sacramento, 
Calif., for R&D on the Titan II space booster. 

$1,500,390—Electronic Communications, Inc., St. 
Petersburg, Fla., for intermediate power am- 
plifiers. 

$1,252,500—General Electric Co., Philadelphia, for 
continued work on a missile re-entry penetra- 
tion study. 

$1,000,000—-Anelex Corp., 
printer systems for the 
program. 

$364,685—Hughes Aircraft Co., R&D Div., Culver 
City, Calif., for research on advanced array 
tecbniques. 

$260,000—Midwest Research Institute, Kansas 
City, Mo., for research on new bonding tech- 
niques leading to development of new and im- 
Proved high temperature solid film lubricants. 

$250,000—Electro-Optical Systems, Inc., Pasadena, 
Calif., for high specific impulse thermal are jet 
technology. 

$85,000—General Electric Co., Missile and Space 
Div., Phildelphia, for research on the friction 
and wear of materials under ultra-high vacuum, 
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interceptor control 
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$80,000—Aerojet-General Corp., Azusa, Calif., for 
research for exploratory evaluation of filament 
wound composites for tankage of rocket oxidiz- 
ers and fuels. 

$40,158—Ling-Temco-Vought, Inc., Astronautics 
Div., Dallas, for research on the non-eroding 
thermally protective plastics and composites for 
byperthermal environments. 

$40,000—TRW/Space Technology Lahs, Redondo 
Beach, Calif., for research investigation of 
refractory materials with regard to the effects 
of thermal shock. 

$35,295—-University of Colorado, Boulder, to study 
tbe nature of a vacuum. 

$30,000—Atlantic Research Corp., Alexandria, Va., 
for research on ablative plastic characterization 
on solid propellant exhaust. 

$29,696—American Potash and Chemical Corp., 
Whittier, Calif., for research on polyborophane 
laminating resins required for formulating high 
temperature structural polyborophane laminates. 


ARMY 


$1,999,000—Northrop Corp., Ventura Div., Bev- 
erly Hills, Calif., for the production of MQM- 
57B surveillance drones. 

$203,362—Sperry Rand Corp., Salt Lake City, for 
engineering changes on Sergeant system equip- 
ment. 

$167,000—Carter Construction Co., El] Paso, Tex., 
for Nike-X Sprint facilities, White Sands Mis- 
sile Range, N.M. 

$135,000—Ralph M. Parsons Co., Los Angeles, for 
study/development of engineering services for 
log/support performance specifications. 

$116,512—H. E. Collins Contracting Co., Inc., Tul- 
lahoma, Tenn., for construction of service and 
support building and addition to. J4 control 
tower at Arnold Engineering Development Cen- 
ter. 

$85,237—Electro-Optical Systems, Inc., Pasadena, 
Calif., for gamma ray scanner instrument for 
rocket borne applications. 

$59,799—Martin Co., Baltimore, Md., for design, 
fabrication and delivery of three low-cost, 
velocity controlled rocket motor cutoff devices. 

$53,237—Sperry Rand Corp., Salt Lake City, for 
Sergeant repair parts. 

$48,228—Davies Construction Co., Montgomery, 
Ala., for construction of west area holding 
basin at NASA’s Mississippi Test Facility. 

$40,319—Fairchild Stratos Corp., Space and De- 
fense Systems Div., Syosset, N.Y., for design, 
fabrication and delivery of three low-cost, 
velocity controlled rocket motor cutoff devices. 

$38,634—Sperry Rand Corp., Salt Lake City, for 
Sergeant system. 

$29,540—Sperry Rand Corp., Salt Lake City, for 
concurrent repair parts for Sergeant missile 
system. 


NAVY 


$64,950,273—General Dynamics Corp., Quincy, 
Mass., to convert and outfit three World War 
II tankers as tracking, command-control and 
communications ships in the Apollo program. 

$9,583,334—Vitro Corp. of America, Vitro Labs., 
Silver Spring, Md., for engineering services on 
the Polaris Fleet Ballistic Missile weapon sys- 
tem. 

$4,448,941—Radio Corp. of America, Camden, 
N.J., for work on classified communications 
equipment. 

$2,872,327—Fairchild Camera & Instrument Corp., 
Clifton, N.J., for work on the Terrier missile 
program. 

$2,580,000—Missiles Systems Corp. of Texas, Dal- 
las, for production of retarding tail fins for the 
Snake Eye bombs. 


$1,998,001—Northrop Corp., Newbury Park, Calif., 
for production of surveillance drones. 


$161,386—W. E. Crawford Co., McAllen, Tex., 
for Raymondville, Tex., space surveillance 
station. 


Vitro Corp. of America, Vitro Lahs., Silver Spring, 
Md., for the training of two groups of engi- 
neers from the United Kingdom in tbe funda- 
mental technical background of the Polaris 
Fleet Ballistic Missile weapon system (amount 
undisclosed). 


ADVANCED RESEARCH 
PROJECTS AGENCY 


$500,000—Cornell Aeronautical Laboratory, Inc., 
Buffalo, N.Y., for continuation of its investiga- 
tions of interceptor technology for ballistic 
missile defense as part of the Project Defender. 


NASA 


$11,480,113—Hayes International Corp., Birming- 
ham, Ala. to provide parts for ltauncher- 
umbilical towers to be used in outfitting Apolla 
Moon-flight spacecraft. 

$4,200,000—Grumman Aircraft Enginecring Corp., 
Bethpage, N.Y., for equipment for White 
Sands, N.M., facility. 

$1,000,000—Beckman Instruments, Inc., Fullerton, 
Calif., and Scientific Data Systems, Inc., Santa 
Monica, Calif., for an analog-digital computer 
system to simulate spaceflight conditions. 

$500,000—General Electric Corp., Philadelphia. for 
a gravity gradient stabilization system. 

$235,000—ITF ¥ederal Lahoratories, San Fer- 
nando, Calif., for portable automatic calibra- 
tion tracker. 

$195,000—Fairchild Stratos Corp., Bladensburg. 
Md., for an engineering model of an Advanced 
Solar Array. 

$135,000—United Aircraft Corp., Hamilton Stand- 
ard Div., Windsor Locks, Conn., for experi- 
mental and analytical study of cardiovascular 
mechanism contro] loops. 

$100,000—The Boeing Co., Seattle, Wash., for a- 
study of interplanetary mission support require- 
ments for planned trips to Earth’s neighboring 
planets. 

$77,000—National Research Corp., Cambridge, 
Mass., to extend ultrahigh vacuum gauge 
calibration into a new range. 

$65,994—Grumman Aircraft Engineering Corp., 
Bethpage, N.Y., for study of interaction of high 
energy gas molecules with solid surfaces. 

$59,950—Milgo Electronic Corp., Miami, Fla., for 
a digital data transmitter and digital data re- 
ceiver. 

$31,600—Astrodata, Inc., Anaheim, Calif., for a 
solid-state decommutation system. 


ATOMIC ENERGY COMMISSION 
AND NASA 


$1,500,000—Combustion Engineering, Inc., Alr 
Preheater Co., Jackass Flats, Nev., to build an 
exhaust duct for a nuclear rocket engine test 
stand which will be part of the Rover program, 
a project to develop nuclear rocket propulsion. 


NATIONAL SCIENCE FOUNDATION 


$162,000— University of Colorado, Boulder, to Dr. 
Frank Oppenheimer for use in bis study of 
tbe interactions of elementary articles—the 
smallest form of nuclear matter. 


INDUSTRY 


$1,000,000—Firth Sterling, Inec., Pittsburgh, from 
Aerojet-General Corp., Sacramento, Calif., to 
supply silver infiltrated tungsten components for ~ 
rocket motors. 

$700,000—ITT Federal Lahoratories, San Fer- 
nando, Calif., from The Boeing Co., Seattle, 
Wash., for navigational aids that will enable 
unmanned spacecraft to steer by a star. 

$640,000—Rantee Corp., Calabasas, Calif., from 
Collins Radio Co., Dallas, for production of 
Apollo S-band antenna feed systems. 

$260,000—-Microwave Physics Corp., Garland, 
Tex., from Collins Radio Co., Dallas, for 
microwave equipment to be used in the Apollo 
Unified S-band Tracking System. 

Philco Corp., Aeronutronic Div., Newport Beach, 
Calif., from Space General Corp., El Monte, 
Calif., for manufacture of 170 valve units to 
provide missile roll control (amount undis- 
closed). 

Menasco ManufacturIng Co., Burbank, Cailif., 
from The Boeing Co., Seattle, for design and 
development of shock isolators for Minuteman 
control centers (amount undisclosed.) 
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—when and where— 


Fourth Annual National Conference on 
Environmental Effects on Aircraft and 
Propulsion Systems, sponsored by the 
U.S. Naval Air Turbine Test Station, 
Nassau Inn, Princeton, N.J., Sept. 21- 
23. 


Ceramic-Metal Systems Division Meeting, 
spousored by the American Chemical 
Society, French Lick-Sheraton Hotel, 
French Lick, Ind., Sept. 20-23. 


Applications and Processing of Fluoro- 
carbon Plastics, sponsored by the So- 
ciety of Plastics Engineers, Stacy Trent 
Hotel, Trenton, N.J., Sept. 22. 


Techniques of Value Engineering for De- 
fense and Space Contractors, a course 
sponsored by the National Defense 
Education Institute, Los Angeles, Sept. 
21-25. 


1964 International Symposium of the Pro- 
fessional Technical Group on Anten- 
nas and Propagation, IEEE, Interna- 
tional Hotel, Idlewild, N.Y., Sept. 
22-24, 


Annual Meeting of the Digital Equipment 
Computer Users Society, Stratford 
House, Dayton, Ohio, Sept. 24-25. 
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editorial... 


Run Silent, Run Deep 


I ee WILL BE NO easy solution to the prob- 
lem of protecting the continental United States 
against the threat of Soviet submarine-launched mis- 
siles. 

The very variety and complexity of elements in 
the anti-submarine forces—land, sea and air—are 
indicative of the difficulty of the task. The manage- 
ment problem of coordinating these various elements 
into an effective ASW system is in itself an awesome 
undertaking. 

The House Appropriations Committee recently 
commented, “It may be that naval vessels, weapons 
and equipment will never be able to adequately de- 
fend the country against this threat.” 

When it is realized that in addition to counter- 
ing Soviet missile-carrying submarines, the ASW 
forces also must be prepared to defend both merchant 
and naval fleets against enemy submarine action in 
either limited or all-out war, then the job which 
confronts those managing the nation’s ASW effort 
becomes almost overwhelming. 

For many years, in fact, the task has been re- 
garded as so complex that no real effort at systems 
management has been made. The problem was sur- 
rendered to a bits-and-pieces approach which at 
one time saw as many as 54 separate organizations 
within the Navy directly at work on ASW. This di- 
luted effort was being undertaken without benefit of 
overall long-range planning which would clearly de- 
fine the problem, establish goals, set up priorities and 
coordinate hardware decisions. 

Secretary of Navy Paul Nitze has moved to 
change all this. He views ASW as a prime, personal 
problem of his office. He is bringing to ASW the 
program package philosophy and the Polaris-type 
priority which it so long has needed. Systems manage- 
ment for ASW today is regarded as a necessity, not 
an impossibility. 

To this end, the Secretary has handed to two 
professional career officers the task of bringing 
order to the chaos of ASW management. Vice 
Admiral Charles B. Martell, chosen not only for 
competence, but because he had no previous com- 
mitment to any single ASW philosophy, has been 
named director of the Navy’s anti-submarine pro- 
grams. Admiral Martell reports directly to the 
Chief of Naval Operations and to the Secretary. 

Partner of Admiral Martell in ASW manage- 
ment is Admiral Constantine A. Karaberis. Admiral 
Martell sets the requirements. It is up to Admiral 
Karaberis, as head of the ASW Systems Project 
Office in the Office of Naval Material, to turn those 
requirements into hardware. A direct line of com- 
munications is provided between the two ASW 
admirals. 

How grave is the threat of Soviet submarine- 
launched missiles, ballistic or otherwise? Latest 
figures show 142 missiles, both cruise and ballistic, 
carried by 30 Russian subs. Only a few of these 
submarines are nuclear-powered. There is no evi- 
dence as yet that the Soviets have accomplished an 
underwater launch. All their missiles must be fired 
from the surface. 


There is confidence in the Navy that the W- 
class and Z-class conventional submarines which 
make up the bulk of the Soviet fleet can be handled 
by today’s ASW forces. 

But there is far less certainty about the Soviet 
nuclear fleet, even though their nuclear submarines— 
six of the early E-class with six missiles each are 
now in the Pacific and nine of the faster H-class 
with six missiles each are now operational and on 
station—are as yet far from comparable with the 
Polaris subs of the U.S. Navy. 

Yet, it is tomorrow’s Soviet threat which must 
be of concern to today’s ASW planners. While the 
Russians are several years behind the United States 
in submarine development, it may be regarded as 
certain that they are at work on quieter, faster nu- 
clear submarines and longer-range missiles with 
which to equip them. 

The U.S. must be ready to meet this threat 
as it emerges. This means not only more sophisticated 
air and surface tracking equipment and weapons 
but also development of underwater tracking net- 
works which are to their element what BMEWS is 
to the intercontinental ballistic missile. It means 
strong efforts to extend the detection and classifica- 
tion ranges which are so critical in underwater 
work. It means considerably more attention to basic 
oceanography to provide knowledge of the under- 
sea environment. It means data collection and 
handling to an extent hitherto unknown. 


T MEANS A CHALLENGE to industry to bring 

to bear on these problems all the advanced 
technology developed in recent years. Although 
there is no evidence as yet that satellites will pro- 
vide effective ASW surveillance or attack capabili- 
ties, they can serve as valuable communications and 
data relays. Microminiaturized elements developed 
for the space programs already are being used to 
improve ASW capabilities. Electronics engineers 
are turning their knowledge of the vast reaches 
of outer space to the problems of probing the dense 
depths of inner space. Although the Navy fore- 
sees no scientific breakthrough which will solve 
the ASW problem, this industry has the technology 
to push back many of the barriers once it is fully 
familiar with such strange names as Trident, Caesar, 
Colossus, FRISCO, Nutmeg, AUTEC, TENOC, 
PUFFS and Lolita. 

No explosive growth in ASW funding is ex- 
pected, but industry can find several areas of 
productive market interest. Secretary Nitze has 
made it clear he will welcome industry help in 
this field. The industry also must be prepared to 
face some cancellations of marginal programs as 
Admiral Martell attempts to bring direction to the 
present proliferation of ASW efforts. 

The emergence of a strong, well-directed ASW 
program is a welcome change. It is, in fact, impera- 
tive if the nation is to counter a threat which can 
be expected to expand. 


William J. Coughlin 
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ACF Electronics flight and tactics simulators, crews train for every operation 
ae ASW flight. They search, detect, classify, localize, attack. Their lifelike 
lulated missions have training flexibility that includes “stop-go” capabilities— 
treat help in learning emergency procedures. ACF simulators, now being 

jeloped under contract with the U.S. Naval Training Device Center, faithfully 
roduce every detail of the Navy’s ASW aircraft: Trackers, Orions, Neptunes. 

w crews “fly” in any weather...train safely, fast and more economically. c 
id for added convenience, ACF simulators are installed in mobile vans. Electronics 
-F Electronics, ACF Industries, Incorporated, Riverdale, Maryland. Division 
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as the: Vela Satellites, their Purpose is to provide data on. ‘the. operat space of “nuclear t test oes 


: detection devices. = The two satellites, carried in tandem by a ‘Loc need-built standard. Agena . = 
"space vehicle, were placed about 100,000 miles. apart in. virtually identical near-circular. orbits. a Soe 


oo. This: was ‘the second of several authorized launchings by the Department of Defense, each with . 
aK two ‘Satellites: designed and built by TRW Space Technology Laboratories and ‘instrumented by the. a, 
Atomic Energy Commission. The first two satellites, launched last October, have returned a large 
_ amount of data on radiation background. in space, which will. be used to design improved world- _ 
wide test. detection systems of the future. = The precision required to position. the. twin. satellites 
on their orbits made the reliable Agena the natural choice for this mission. Designed to meet the. 
- unmanned Space requirements of the Air Force for several years to come, the Agena is also being 
used in several major programs of the National Aeronautics and Space Administration. More than 
130 Agenas have been successfully launched to date. » Lockheed Missiles & Space Company, 
_—* California: A Group Division of Lockheed Aircraft Corporation, L re ckh e e d 
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Nuclear electric power for a year-long space journey 


Exploration of the solar system | 


and power for manned satellites 
and lunar bases will require com- 
pact, long-life, nuclear-electric 
power systems. 

Pratt & Whitney Aircraft is cur- 
rently developing such a system for 


the Atomic Energy Commission at 
the Connecticut Advanced Nuclear 
Engineering Laboratory (CANEL) in 
Middletown, Connecticut. Known as 
SNAP-50/SPUR, it is powered by a 


| high-temperature nuclear reactor 


cooled by liquid lithium. 


The technology being developed 
in the SNAP-50/SPUR program 
will make possible other long-life, 
nuclear-electric powerplants for 
space, marine, and land applica- 
tions — wherever compactness and 


| low weight are essential. 


Pratt & Whitney Aircraft omsion or urea CORPORATION + EAST HARTFORD 8, CONNECTICUT 
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THE COVER 


Rocket Research Corp.’s prototype valve- 
less solid subliniing attitude-control rocket 
on compound pendulum micro-thrust bal- 
ance. Microrocket has no moving parts, 
yet is capable of indefinite pulse cycles . 
generating thrust. Highly sensitive balance 
has checked rocket. See story, p. 18. 
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THERE IS A NEW 
DIMENSION IN THE 


MEMORY MARKET 


It is ‘“MicroBIAX, a minia- 
turized version of the standard 
BIAX memory element—the tiny 
ferrite multiaperture core which 
stores data in Phileo Corpora- 
tion’s remarkable family of BIAX 
memories and arrays. 

BIAX elements, and now the 
new MicroBIAX elements, make 
up the world’s fastest special- 
purpose memories offered as 
standard-line products for both 
ground and spaceborne data 
systems. 

MicroBIAX features all of 
BIAX’s operationally-proved per- 
formance in a package only one- 
fifth the size. You still get multi- 
megacycle, true non-destructive 
readout and now at even lower 
operating power levels. And you 
can operate from —55°C to 100°C. 

Perhaps the most important 
feature of MicroBIAX is the new 
two-wire array which achieves 
the utmost in simplicity and the 
maximum in reliability for sys- 
tems designers. This totally new 
array concept yields packing den- 
sities of 2,000 bits per cubic inch 
in production hardware now in 
process. 

MicroBIAX is available today 
for the airborne and spaceborne 
market. High speed read/write 
versions for ground-type EDP 
systems will be introduced early 
in 1965. 


For more information: 
Visit our MicroBIAX exhibit at 
International Space Electronics 
Symposium, Dunes Hotel, 
Las Vegas, Booth No, 82 
October 6-7-8, 1964 

Or write to: 
Manager of Marketing 
BIAX Memory Systems 
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Moon Craters Debate 


To the Editor: 


Reference “Letters,” M/R, Aug. 31. 
The editor states: “the smallest (3 ft. 
in dia. and 1 ft. deep) craters shown in the 


final Ranger VII photos would not be vis- .. 


ible if the dust layer were more than a few 
inches deep.” 

Experimental evidence has proven the 
foregoing statement to be incorrect. Small 
rocks thrown out from volcanoes, as well 
as meteorites of varying sizes, can make 
craters in a deeply pulverized surface that 
vary in size from “pin-hole” to more than 
3 ft. 

Dr. Harold Urey and other highly 
qualified scientists have since stated that 
the Ranger VII photos were not conclusive 
as regards softness of the lunar surface or 
depth of dust, despite earlier contrary 
statements by NASA and JPL experts. 


T. M. Morse 
Santa Maria, Calif. 


Controlling Controllers 


To the Editor: 


The logic inherent in John H. Bloom- 
er’s letter (“Why Organize Inventors?”, 
M/R, July 27, p. 7) is commendable. 

The universities are already in a state 
of perplexing anxiety concerning the built- 
up resentments of inventors and scientists 
who have been victimized. The featured 
article, “Taming of the Scientist?” on p. 7, 
Section 4, New York Times of July 26 
stated: “Recent developments in genetics or 
molecular biology present social problems 
and possibilities for government control 
which even Hitler didn’t dream about,” 
and “Purdue University, MIT, Harvard, 
Princeton and the University of California 
are actively dealing with this problem to- 
ward ‘a goal to meet the threat of power 
which could be held by irresponsible scien- 
tists.” ” 

The ability to invent is not within the 
teaching capability of universities; and as 
Benjamin F. Miessner pointed out in his 
letter “On the Mass Education of Scien- 
tists” in the July 1958 Proceedings of the 
1.R.E., the basic advanced-concept inven- 
tions of our civilization were and are made 
by “outsiders” not subject to control by 
universities proposing control of inventors 
and scientists as noted in the preceding 
paragraph. 

Inventive ability is inherent in individ- 
uals in all nations, and there is no line of 
demarcation between strategic and non- 
strategic products. For example, in the 
field of molecular biology, which is caus- 
ing anxiety as noted in the second para- 
graph herein, the breaking down of the 
tobacco mosaic virus into its separate 
inert constituents of nucleic acid and pro- 
tein molecules is the starting point from 
which individual inventors and _ scientists 
in various nations can develop many differ- 
ent viruses that could be very destructive 
before vaccines can be developed to coun- 


Special Report (M/R, Sept. 
the most definitive treatment of the subject 
that has been printed. 


teract them. It therefore appears that the 
major problem is that of controlling those 
who victimize inventors—rather than in- 
ventors. 


Harry Bricker Fuchs 
Farmingdale, L.I., N.Y. | 


Special Report on ASW 


To the Editor: 


Hearty congratulations on your ASW 
21)—surely 


George Bauer ; 
Philadelphia 
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This is the only target 
missile that can provide 
realistic training for the Hawk 
air defense missile. It is the 
versatile Redhead /Roadrunner 
official U.S. Army Hawk target. 


The Redhead/Roadrunner 
is the only target missile 
that can realistically train 


Maneuverable. Mobile. Ithas 
growth potential...and it is 
economical. The versatile 


Hawk missile batteries to Redhead/Roadrunner 
defend against a low-level, Ares target missile system was 
supersonic attack. It flies at more than Mach 1.2 at designed and is being produced for the U. S. Army 
300 to 500 foot altitudes. The Redhead/Roadrunner by North American Aviation/Columbus Division. It 
assures attack realism. It is versatile—also flies is an official Hawk target. It is the only target that 
Mach 2.0 at high altitudes. Has zero length ground provides a true realistic training situation. And it 
launch. It is recoverable on land and sea. Reliable. is available for immediate delivery and service. 


North American Aviation es Columbus Division 


4300 East Fifth Avenue, Columbus, Ohio 


It’s possible that some people 
have never heard of a project 
called SNAP-50/SPUR. 

But they will. 


Oo —— are this 


nation has never had 
a more challenging 
space project than 
this attempt to 
supply man-in-space 
with electrical power. 

And that means enough elec- 
tricity to provide a mission with all 
the power needed for space com- 
munications, propulsion, research, 
weapons and life support. 

This is SNAP-50/SPUR. 

It is a brilliant answer to some 
demanding questions: 

How do you build a power sta- 
tion that must be a giant in out- 
put, but small in size and weight? 

How do you invent a space 


ble, continuous power for more 
than a year? 

The solution staggers the 
imagination. 

Yet, such a system, designated 
SNAP-50/SPUR, is now being 
developed under the sponsorship 
of the Atomic Energy Commis- 
sion and United States Air Force. 

SNAP-50/SPUR will employ a 
nuclear reactor as a heat source to 
operate turbines that will drive 
electrical generators. Heat rejec- 
tion and cooling is accomplished 
by a cylindrical radiator. 

Working temperatures in the 
system are near that of molten 
iron. Here, conversion and rejec- 
tion of heat demands the most 
advanced technologies. 

Closed loop power conversion 
systems necessary for this kind of 
power production are being 
designed and tested by Garrett- 
AiResearch. 

Garrett-AiResearch, with 25 
years of experience in research 
and production of heat transfer, 
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turbomachinery, 
control systems, 
liquid metals, 
metallurgy, thermal 
management and 
electrical power 
management has 
already developed much of the 
technology to be used in SNAP- 
50/SPUR power conversion 
equipment. 

Today, in Garrett labs, turbines 
and heat exchangers are being 
operated with alkali metals at 
high temperatures. 

Major components will be 
tested this year in Garrett’s 
Phoenix facilities. Turbodynamic 
bearing tests (picture at left) are 
already in operation. 

SNAP-50/SPUR isa rewarding 
assignment — actually the fore- 
runner of future space power 
plants. Certainly, it demands 
unique capabilities. That’s why 
Garrett is playing such an impor- 
tant role. Because... 


Garrett 
7s experience 


AIRESEARCH 


Los Angeles * Phoenix 


The Countdown 


WASHINGTON 


Apollo Engine May Be Retested This Week 


First test firing of the Apollo spacecraft’s Service Module 
engine at White Sands Missile Range on Sept. 22 was shut 
down after only one second, rather than the planned 10 secs. 
Officials of North American Aviation said malfunction of a 
ball valve in the propellant feeding system automatically 
stopped the firing. Another test may be made this week. 


LEM Engine Contract Decision Deferred 


NASA reports that no decision on a contractor for the 
Apollo Lunar Excursion Module’s descent engine will be 
made for three or four months. Originally, the decision was 
to have been reached in July. Hence, the parallel develop- 
ment program will be six to seven months longer than ex- 
pected—and more expensive by about the same ratio. The 
two firms engaged in the program are TRW Space Tech- 
nology Laboratories and Rocketdyne. 


Hypertension Study Slated for Gemini 


NASA has awarded a $290,000 contract to the Texas 
Medical Center for a study of orthostatic hypertension. Sixty- 
six test subjects in groups of six will stay in bed for periods 
of three, seven and 14 days. Manned Spacecraft Center wants 
to get the data on the group prior to Gemini-Titan 4 (GT-4). 
which calls for a three-day manned orbital flight in mid-1965. 


Atlas Updating Beats Schedule by Three Months 


Atlas F modernization program was completed Sept. 24 
—nearly 100 days ahead of schedule—with 72 missiles at 
six U.S. buses returned to operational status. Program, man- 
aged by San Bernardino Air Materiel Area. (SBAMA), orig- 
inally was funded for some $100 million, but the Air Force 
said early completion saved “a substantial sum.” Some 400 
changes were made, 35% involving the missiles themselves 
and 65% support and launch equipment. About 3,500 engi- 
neers and technicians from SBAMA and General Dynamics/ 
Astronautics took part in the program at Lincoln AFB, Neb., 
Schilling AFB, Kan., Altus AFB, Okla., Dyess AFB, Tex.., 
Walker AFB, N.M., and Plattsburgh AFB, N.Y. 


Revised Space Power Report Due Next Month 


A joint NASA/DOD space power report will be pre- 
sented for the second time to the Aeronautics and Astronaut- 
ics Coordinating Board at its October meeting. An earlier 
report—presented to the Board in mid-year—was ordered 
_ revised because it did not concern itself with duplication in 
_ research among government agencies. Once the Board is 
satisfied, an unclassified summary report and 30 technical 
papers presented by government and industry experts will 
be published. 


ABRES Shots Going West? 


There’s speculation at Cape Kennedy that two Aftlas 
boosters which were to have been used to launch Advanced 
Ballistic Re-entry System (ABRES) vehicles from the Cape 
will be taken to Vandenberg AFB. Reason offered is that 
the better tracking available at Pacific Missile Range affords 
a tougher test of the re-entry profile. Five ABRES vehicles 
have been launched from the Cape. The move would leave 
Pad 11 empty and make it the apparent site for conduct of 
floxed-A tlas tests. 
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NOTS May Hover Rockets for Use as Probes 


Naval Ordnance Test Station at China Lake is consider- 
ing small hovering rockets as special-purpose probes for rela- 
tively low altitudes. For instance, they might be used to ex- 
amine the edges of the fireball produced by a nuclear detona- 
tion. Or they might place proximity-fuzed warheads in the 
path of attacking aircraft or missiles. Key problem is stabili- 
zation. NOTS experimenters have made a rocket hover at the 
end of a tether, but a more sophisticated control system 
would be desirable. Because of the modest altitudes in- 
volved, air augmentation of the rocket motor is feasible. 


INDUSTRY 


Lockheed Set to Fire 156-in. Solid 


Second firing of Lockheed Propulsion Co.’s 156-in.-dia. 
solid rocket motor is slated for Sept. 30 at Potrero, Calif. 
Test, conducted under Air Force contract, will have greater 
propellant weight, internal pressure, thrust and burn time 
than the first firing last May 28. 


ERC Meets Some Diehard Opposition 


About 50 businessmen who would be dislocated by con- 
struction of NASA’s Electronics Research Center in Boston 
have banded together to oppose the center site before the 
city council. They claim the location is not a blighted area 
and therefore is not eligible for urban renewal funds. With 
a decision expected late last week, NASA was counting on 
council approval. 


Neosho Hits 1,000 Mark in Big Liquid Output 


The 1,000th large liquid rocket engine produced at the 
Neosho, Mo., plant of Rocketdyne was delivered to the Air 
Force Sept. 23. Engine was an MA-5 booster system for 
Standard Launch Vehicle (SLV-3) program. Delivery was 
made 6% years after Neosho turned out its first engine, a 
Thor. 


Marquardt Works on Waste Management .. . 


Marquardt Corp. is developing an astronaut waste man- 
agement system for NASA’s Manned Spacecraft Center. 
Program is expected to yield a system capable of processing 
waste output of four astronauts during a 14-day mission, 
with potential of one-year operation. Distillation is em- 
ployed, with wastes boiled at low temperature and pressure 
to provide potable water. 


... And Aerojet Explores Water Conversion 


Aerojet-General will investigate possibilities of applying 
to spacecraft its reverse-osmosis process for converting waste 
water into fresh. Company is now operating a pilot plant 
under contract to U.S. Dept. of Interior. 


INTERNATIONAL 
Japan Plans Buildup of Hawks and Nikes 


Japan’s Ground Self-Defense Force is asking $23 million 
in its Fiscal Year 1965 (April, 1965-March, 1966) budget 
to beef up its missile forces. Jt plans to build up its Hawk 
contingents and expand the number of Nike units. 
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NASA, AF To Swap Personnel 


NASA and the Air Force have 
signed an agreement calling for the 
exchange of scientific and manage- 
ment personnel. 

Previously, no NASA personnel 
have been assigned to the Air Force. 
There are, however, about 100 Air 
Force officers now on duty with 
NASA under an earlier pact signed 
in 1959. About 40 more senior Air 
Force officers are scheduled for space 
agency assignments in the near fu- 
ture. 

Primary purpose for the new 
agreement apparently is to aid the 
Air Force’s fledgling manned space 
flight effort by enabling that service 
to obtain experienced NASA officials 
on a temporary basis as well as per- 
mitting Air Force officers to serve 
in key or middle management level 
jobs in Projects Gemini and Apollo. 

NASA officials assigned to the 
Air Force will be in the GS-13 and 
above level. Air Force officers slated 
for duty at NASA normally will be 
majors or higher in rank. Lower 
ranking officers with specialized 
technical skills may be assigned to 
NASA in positions offering excep- 
tional training opportunities. 

NASA has agreed to request offi- 
cers for only those positions requir- 
ing education, experience or skills 
especially developed by the Air Force 
in the fields of technical program 
management, engineering and phys- 
ical or life sciences, but only after 
NASA has made a reasonable effort 
to fill these positions from civilian 
sources. 

Civilians selected from NASA 
will be from the following five areas: 
aeronautical and aerodynamic 
sciences; astrophysical and space 
sciences; aeromedical and _ physio- 
logical sciences; communications, 
tracking and launch site technology ; 
and spacecraft and launch vehicle 
technologies. 

The assignments of NASA per- 
sonnel to the Air Force generally will 
be for two years. 


Martell Tells of ASW Efforts 


Vice Adm. Charles B. Martell, di- 
rector of Navy anti-submarine pro- 
grams, has answered with an “un- 
equivocal yes” the question of 
whether U.S. ASW forces can pres- 
ently cope with Russia’s nuclear 
powered subs (see M/R special re- 
port on anti-submarine warfare in 
Sept. 21 issue). 
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He told a press conference last 
week of the Navy’s increasing con- 
cern with the threat posed to U.S. 
shipping and naval operations by 
Soviet submarines, however, and 
said, 
serious as long as the Russians keep 
building submarines at the rate of 
seven to ten a year.” He then out- 
lined for reporters the Navy’s pro- 
gram in the ASW field. 


Nimbus | Stops Operating 


The Nimbus I weather satellite 
ceased operating on Sept. 23 after 
380 orbits of the Earth. 

The satellite, which had trans- 
mitted 27,000 weather photos back 
to Earth, shut down after its solar 
panels locked and could not be dis- 
lodged. Since the solar panels could 
not be rotated toward the Sun, the 
satellite’s batteries could not be re- 
charged. 

The locked panels were caused by 
the build-up of several days’ friction 
in the motor that turned the solar 
panels. 

Space agency officials reported 
that Nimbus was a success despite 
the technical deficiency. 

They said the satellite had taken 
remarkably good pictures of hurri- 
canes and tornados as well as the 
first cloud cover pictures ever made 
at night. 

It also took a midnight picture 
with its infrared cameras over Ant- 
arctica which showed four black dots. 
Officials said that analysis of the dots 
revealed that they were mountains 
and there was a strong indication 
of volcanic activity. 


120-in. Solid Test a Success 


Aerojet-General on Sept. 19 suc- 
cessfully test-fired a 120-in.-dia. 
solid motor built for the Air Force 
Systems Command at its Dade Divi- 
sion South of Miami, Fla. (M/R, 
Sept. 21, p. 11). 

The firm said that the motor met 
its major objective of proving the 
design concepts, materials and proc- 
esses to be used eventually in making 
a  260-in-.dia., 3-million-lb.-thrust 
motor. 


Harper Gets New NASA Post 


Charles W. Harper, authority on 
simulation and aircraft flight re- 
search on the staff at Ames Research 
Center, has been appointed Director 


“The problem will continue . 


of Aeronautical Research at NASA 
Headquarters. 

Harper has been chief of the 
Ames Full-Scale and Systems Re- 
search Div. since 1959. In this post, 
he has been responsible for simula- 
tion research in advanced aeronau- 
tical and space vehicles. He joined 
the Ames staff in 1941 as a junior 
aeronautical engineer and later di- 
rected the world’s largest (40 x 80- 
ft.) wind tunnel. 

His appointment at headquarters 
is effective Oct. 11. 


Shots of the Week 


The boilerplate Apollo spacecraft 
orbited by the Saturn SA-7 booster 
on Sept. 18 splashed down in the 
Indian Ocean Sept. 21, three days, 
19 hours and 37 minutes after launch 
from Cape Kennedy. The craft had 
completed 59 orbits. 

The only troubles encountered 
during launch countdown were four 
unscheduled holds. The scheduled 
hold for loading liquid oxygen into 
the booster stage was stretched by 
5 minutes when a technician on the 
gantry accidentally turned on an 
emergency water system filling sev- 
eral electrical lines. Another 29- 
minute hold occurred when the TPQ- 


SA-7 lifts off. 


18 radar at Grand Turk Island was 
knocked out by a faulty relay. Minor 
holds were called to check out a tem- 
perature indicator in the blockhouse — 
and a pressure gage in a LOX tank. 
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Initial orbital parameters were 
apogee, 140.5 mi., and perigee, 115.53 
mi. Nominal parameters were apogee, 
185 mi., and perigee, 115 mi. 

Bad weather conditions prevented 
recovery of the eight-camera pack- 
age (M/R, Sept. 18, p. 54) ejected 
after separation of the S-I stage 
from the S-IV stage and prior to 
ignition of the S-IV engines. Data 
were received, however, from the 
telemetry and television systems. 

Launch of the next Saturn has 
been slipped into early 1965 be- 
cause of program delays in Pegasus 
micrometeoroid detection satellite 
which is to be the payload. 

@ The Navy successfully launched 
a Polaris A-3 missile from the sub- 
marine USS Ulysses S. Grant Sept. 
21 while it was submerged some 30 
mi. off the Florida coast. Firing was 
the 13th success in 14 submerged 
shots of the A-8. 

@ An Air Force SAC crew 
launched an Atias ICBM from Vand- 
enberg AFB, Calif., Sept. 22. Shot 
was routine training exercise. 

@ The Air Force on Sept. 23 
launched a satellite from Vanden- 
berg AFB, Calif. toward polar orbit 
aboard an Atlas-Agena booster. Pur- 
pose of the shot was not disclosed. 


MSC Services Award Weighed 


NASA is negotiating with a joint 
venture of Brown and Root Construc- 
tion Co. and Northrop Corp. for a 
contract for operational and main- 
tenance support services of labora- 
tories, test facilities and technical 
service shops at MSC. 

A one-year 
contract will be negotiated, but op- 
tions will be provided to extend the 
contract for two additional years. 
Cost for the first-year period is ap- 
proximately $2.5 million with an es- 
timated total cost for the three-year 
period of approximately $10 million. 

The contractor will be responsible 
for furnishing necessary services, 
equipment and material to provide 
technical support to the space en- 
vironment simulation laboratory, vi- 
bration and acoustic test facility, 
flight acceleration test facility, ther- 
mochemical test area and crew 
systems laboratory at the Houston 
center. The complex instrumentation 
and equipment at these facilities are 
employed for test and check-out of 
Project Gemini and Apollo space- 
craft and on-board space flight equip- 


ment, and for astronaut training. 


Technical support services will 
include preparation of test setups, 
assisting test operations, preventa- 
tive maintenance and emergency 
repair of electronic and mechanical 
equipment. 
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Taber Teledynes’sense rocket 
| 6ngine pressures for Marquardt 


Taber 

TELEDYNE® ‘ ‘ TELEDYNE® 
(TELEFLIGHT® ~ Pressure 
Model) Pressure ’ ¥ Transducers 
Transducers Ht for test and 
for in-flight atm ground 
applications ac support 


Installed on a spin table, Taber TELEDYNE® Pressure Transducers 
coupled with Taber TELEDYNE® 290 DC Amplifiers (shown above) 
are used by The Marquardt Corporation to measure hypergolic propel- 
lant inlet pressures in the ground testing of pulse rockets. Marquardt 
reports, “Although the Taber Transducer Amplifier Systems have been 
subjected to simulated high altitude environments and exposed to cor- 
rosive propellant atmospheres for extended periods of time, they con- 
tinue to fulfill accuracy, repeatability, and reliability requirements.” 

Compact and rugged, Taber Bonded Strain Gage Pressure Transducers 
offer: high overpressure protection, long life, high reliability, infinite 
resolution, excellent stability, and low sensitivity to temperature, shock 
and vibration. 

For detailed information, write: Aerospace Electronics Division, Taber 
Instrument Corp., Section 217, 107 Goundry St., N. Tonawanda, N.Y. 
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Goldwater raps disclosure ... 


Anti-Satellite Weapons Tested 


TWO ANTI-SATELLITE systems 
have been developed and tested by the 
U.S., President Lyndon B. Johnson re- 
vealed in a Sept. 17 speech in Sacra- 
mento, Calif. One is based on the Nike- 
Zeus antimissile-missile system and the 
other on the Thor-Agena (M/R, May 
11, p. 12). 

A family of over-the-horizon radars, 
which almost doubles the warning time 
of an ICBM attack on the U.S., has 
been produced and is being installed, 
the Chief Executive also revealed. 

Disclosure of these two previously 
classified projects has been interpreted 
as a Presidential effort to refute Repub- 
lican charges that new weapons develop- 
ments have lagged during the last four 


ernst 
sa EE 


ER Sy Aarca EE 
Ear ee 


by James Trainor 


years of Democratic administration. Re- 
action to the President’s statement was 
immediate and violent from Republican 
Presidential nominee Sen. Barry Gold- 
water, who charged that the President 
was using classified information in his 
campaign. 

® Growing list—Johnson’s revela- 
tion of the new hardware developments 
followed his equally dramatic announce- 
ments regarding the Walleye, Shillelagh 
and Redeye, the A-11, the SR-71 and 
deployment of the Polaris A-3, all of 
which have taken place in the past six 
months. 

In making his latest hardware an- 
nouncement, the President said, “We 
have now developed and tested two sys- 
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tems with the ability to intercept and 
destroy armed satellites circling the 
Earth. I can tell you today that these 
systems are in place. They are opera- 
tionally ready, and they are on alert to 
protect this nation and the free world. 

“Our only purpose still is peace. But 
should another nation employ such 
weapons in space, the United States 
will be prepared and ready to reply,” 
he concluded. 

On the subject of the over-the- 
horizon radar, the President said: “To- 
day I am also able to tell you—and 
the entire world—of a major increase 
in our Capacity to detect hostile launches 
against the free world. 

“Previously, our radar capability has 


Operational Satellite Killers Need Non-Nucle 


DEVELOPMENT of an anti-satel- 
lite weapon system—or systems—is far 
from complete. At present, both the 
Nike-Zeus system and the Thor system 
must depend on nuclear warheads as 
the kill mechanism for satellite destruc- 
tion. Also, the U.S. at this time cannot 
establish the orbital parameters of a 
potentially hostile satellite on its first 
or second pass but must wait until he 
space vehicle is firmly established in 
orbit. 

While the Nike-Zeus system, there- 
fore, may well be operational in the 
sense that it can be used if needed, the 
Air Force Thor and Thrust-Augmented 
Thor (TAT) interception program is 
just getting under way. Most of the 
work outlined in MISSILES AND ROCKETS’ 
May 11 story (which, when it appeared, 
was termed “extremely accurate” by a 
high-ranking Pentagon official) remains 
to be done. Foremost among the un- 
finished tasks is development of a non- 
nuclear kill mechanism. 

Justification of two systems is based 
on the fact that the Nike-Zeus provides 
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a quick-reaction, low-altitude intercep- 
tion capability while the Thor-Agena 
system can intercept at higher altitudes 
and, because of its Johnston Island loca- 
tion near the equator, can intercept at 
all orbital inclinations and, if necessary, 
make minimum-energy orbital plane 
changes. 

Zeus, which is assumed to be located 
on Kwajalein Island but may well use 
discarded facilities at Pacific Missile 
Range, could deliver a warhead of some- 
what less than one megaton to an alti- 
tude of 100-150 mi., with Thor-Agena 
and TAT carrying this to ranges of 
400 mi. 

At present, Soviet satellite launches 
are first detected by BMEWS, which as 
the launch vehicle passes through its 
dual beam provides information upon 
which to calculate trajectory informa- 
tion. Radars in Turkey provide essen- 
tially the same information. The Shimya, 
Alaska, radar is able to see the vehicle 
as it is going into orbit but precise 
tracking information to establish an orbit 
is provided by the Air Force tracking 


network and the Navy’s space surveil- 
lance “‘dark fence” across the South- 
ern U.S. Once the orbit is determined, 
the parameters can be fed into the target 
intercept computer of the Zeus system 
and the comparable Thor ground com- 
puter. An intercept is now possible. 

However, some military officials 
stress that by this time the satellite may 
already have accomplished its mission. 
Consequently, they say, the U.S. must 
have a capability to intercept a hostile 
satellite before it makes its first pass 
over the U.S. Such a capability does not 
Now exist. 

® Cosmos riddle—Secretary of De- 
fense McNamara expressed confidcnce 
that the U.S. can determine the intent 
of a satellite launched by the Soviet 
Union, but another Administration offi- 
cial who should be at least as knowledge- 
able professes ignorance of the purpose 
behind some of the Cosmos launches. 

This program is divided into four 
phases, three of which are clearly scien- 
tific or military in purpose. However, the 
fourth involves heavy (15,000 Ib.) satel- 
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been limited to detection of objects 
within the line of sight. But now we 
have produced, and we are installing, 
our first facilities for ‘over-the-horizon’ 
radar. This radar will literally look 
around the curve of the Earth, alerting 
us to aircraft, and especially missiles, 
within seconds after they are launched.” 
® McNamara  amplification—The 
following day, Secretary of Defense 
Robert S. McNamara added a few, 
closely-hedged details about the two 
new developments. The Nike-Zeus anti- 
satellite weapon, operated by the Army, 
was Operational Aug. 1, 1963—some 14 
months after go-ahead in May, 1962. 
The Thor-based system, also operational 
in little more than a year after go-ahead, 
was declared ready on May 29, 1964. 
Both systems, the Secretary said, are 
under the operational control of the 
Continental Air Defense Command. 
Some $80 million has been invested in 
the two systems, McNamara said, not 
including funds expended in the A- 
ICBM system or the Space Detection 
and Tracking System (SPADATS). 
On the over-the-horizon radar, Mc- 
Namara estimated that more than $50 
million has been spent on these systems 
in the last two or three years. These are 
a “family of radars,” the Secretary 
stressed, and not just a single system. 
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lites launched on inclinations of 65 de- 
grees from Tyurtam and recovered after 
varying periods in orbit. 

The Soviets seem to be concentrat- 
ing, the Administration official says, on 
precision recovery—but not in any way 
that could be related to manned space- 
flight. The purpose of these satellites 
is not known, he says. Its bearing on the 
US. decision to develop an anti-satellite 
capability as an insurance policy is even 
less clear. 

® Radar breakthrough—Key to the 
“big leap forward” in over-the-horizon 
radars in the past two or three years 
is a new high-powered radar tube. De- 
veloped within the Advanced Research 
Projects Agency’s Defender program, 
the S-Band tube provides the break- 
through required in output power within 
a frequency band which can be reflected 
by the ionosphere. 

Applicable to forward-scatter sys- 
tems—a major component in the “fam- 
ily” of over-the-horizon radar—the tube 
provides frequencies of 2,000-5,000 


When they are installed, they will al- 
most double the warning time against 
attack—from approximately 15 minutes 
to a little less than 30 minutes. 

® Details—McNamara also made 
these points: 

—Both anti-satellite systems use 
data from “our global space detection 
and tracking networks of the Air Force 
and the networks of the Navy.” 


—tThe two systems have been “thor-. 


oughly tested” and have intercepted 
US. satellites in space, “passing so close 
to the satellites as to be within the de- 
struction radius of their warheads.” 

—Characteristics of the two systems 
differ sufficiently to warrant develop- 
ment of both. Early study hadn’t shown 
that the Air Force had a capability with 
the Thor to develop such a system. The 
Air Force later not only proved the 
Thor capability could be developed but 
also proved that it would provide addi- 
tional capabilities to supplement the 
Nike-Zeus system. 

—Neither system has a loiter ca- 
pability. The interceptor “has to be there 
when the satellite is there. This is one 
of the very important characteristics of 
the system. It is both a requirement 
and a capability.” 

—Work on over-the-horizon radars 
has been going on since 1949 in the 


megacycles with wavelengths of 15 to 
5.5 centimeters. This energy is directed 


‘at the “F” layer of the ionosphere, with- 


in which it is bent (or reflected) back 
to Earth. The “F” layer used in the 
new radar is located at an altitude of 
100 mi. above the Earth, and, although 
this ionized path varies considerably 
from day to night, the electron densities 
are sufficient to refract the signals back 
to Earth. 

Attenuation of the radiated energy 
is relatively small in the ionosphere be- 
cause of the very low density of neutral 
particles and the infrequency of colli- 
sions between them and electrons. How- 
ever, upon “reflection” back to the Earth 
there is considerable attenuation by the 
ground. Therefore, Defense experts 
stress that the maximum number of 
ionospheric reflections would be three. 

Two possibilities for forward-scatter 
systems are being developed. The first 
involves a conventional radar approach 
in which the receiver is co-located with 
the transmitter and “listens” for the 
radar echo. The key to this approach is 
an extremely sensitive magnetic drum 
—developed in the Navy’s Madre pro- 
gram—to discriminate the returning 
signal from the unpatterned noise. 

In the second approach, the receiver 
is located “downstream” from the trans- 
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U.S. and during the 1950’s by the Brit- 
ish. But the “big leap forward” came 
from work done within the last two or 
three years, starting with some very im- 
portant tests in 1962. 

—The Soviet Union doesn’t have 
the over-the-horizon technique, but will 
probably develop it in a few years. 
“They may do it five or seven or eight 
years later.” Also, the Secretary be- 
lieved that “we would know if they had 
advanced as far as we have in this 
field.” 

Development of the over-the-hori- 
zon capability increases the survivabil- 
ity of U.S. bomber forces and may per- 
mit certain aircraft warning systems to 
be phased out. In particular, McNamara 
singled out DEW line extensions—pick- 
et ships and various other types of for- 
ward radar warning systems—-as possi- 
ble facilities that can be replaced by the 
new radar “after it becomes opera- 
tional and we have determined its 
whole capability.” 

The Ballistic Missile Early Warn- 
ing System (BMEWS) complements 
the new family of radars, the Secretary 
pointed out. “We don’t anticipate that 
this over-the-horizon radar will replace 
BMEWS, certainly not at any time in 
the foreseeable future, say five or eight 
years.” a 


mitter and picks up the signal after 
its second or third bounce from the 
ionosphere. For example, a transmitter 
located in the North Central part of 
the U.S. could bounce its signal off the 
ionosphere, using one or two hops, so 
that it is focused in the Soviet Union. 
Ground reflection would then be picked 
up on the next return from the iono- 
sphere at an installation in the Indian 
Ocean—such as the Seychelles Island 
site or perhaps a picket ship. 

Basically, the forward-scatter holds 
the most promise for both missile and 
aircraft launching, since the pulse sys- 
tem would not depend on induced 
changes in the ionosphere produced by 
missile exhausts. Back-scatter, however, 
is under development as an important 
component of the over-the-horizon radar 
family. First suggested in the late 1950’s 
as a means of detecting nuclear explo- 
sions, back-scatter techniques were de- 
veloped under Project Teepee. They 
can now detect missile and missile ex- 
haust influences on the ionosphere. 

In addition to the $50 million which 
Secretary McNamara estimated would 
be necessary in future years for instal- 
lation of the systems, work is still being 
conducted on over-the-horizon systems. 
Primary emphasis now is on extreme 
precision and accuracy. g 
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In Chicago speech... 


McNamara Details Nuclear Yields 


Says single army division in Europe has enough nuclear 
punch to destroy populations of 50 largest U.S. cities 


THE SMALLEST nuclear weapon 
deployed in Europe today has a force 
“tens of times greater than the 1,000 Ib. 
conventional bomb of the last world 
war,” Secretary of Defense Robert S. 
McNamara told the Executives’ Club 
of Chicago in a speech read for him by 
Army Secretary Stephen Ailes. 

Noting that the word “small” in 
relation to any nuclear weapon “can be 


dangerously misleading,” McNamara’s 
speech pointed out that “the average 
tactical nuclear bomb in Western Eur- 
ope today has a power five times greater 
than the atomic bomb dropped on 
Hiroshima.” 

Excluding bombs, the average tac- 
tical nuclear weapon in Western Europe 
has a yield at least equal to the Hiro- 
shima bomb. The nuclear firepower 


Gates Criticizes McNamara Views 


FORMER Secretary of Defense 
Thomas S. Gates has characterized 
Defense Secretary Robert S. McNa- 
mara’s presentation to the Demo- 
cratic Platform Committee as “not a 
true representation of the Depart- 
ment of Defense of which you as- 
sumed charge in 1961.” 

In a reply to a telegram from 
McNamara, Gates went on to say 
that “if the allegations you made, at 
complete variance not only with the 
content of your dispatch to me but 
also with a number of statements you 
had earlier put on the public record, 
were inserted in your presentation to 
serve a political purpose, then Aug. 
17 was an unfortunate day for the 


process of government in this nation.” 

Gates reminded McNamara that 
he had to defend the policies and pro- 
grams of the Eisenhower Admin- 
istration in 1960 “when I was obliged 
to combat and clarify publicly the 
phoney issue of a so-called ‘missile 


gap.’ ” 

In a telegram to Gates after 
Treasury Secretary Douglas Dillon 
had informed him that Gates was 
concerned over the platform com- 
mittee statement, McNamara said 
that “for three and one-half years I 
have tried to prevent defense policies 
and programs from being discussed 
in a partisan context.” 

He then quoted a series of allega- 
tions by Sen. Barry Goldwater that 
American strength was deteriorating, 
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saying that efforts to keep politics out 
of defense have “become increasingly 
difficult over the past several weeks 
as Senator Goldwater has persistently 
made defense a partisan political is- 
sue.” 

“T need hardly tell you how much 
I appreciate your contributions to 
the national security and the impor- 
tance of programs and policies you 
instituted as Secretary of Defense,” 
McNamara cabled Gates. 

Before the Democratic forum, 
McNamara had charged that: the 
Defense Department in 1961 had 
operated with but a single strategy, 
and also that military strategy was a 
stepchild of a predetermined budget; 
planning was without coordination 
between the services; weapons inven- 
tory was completely lacking in cer- 
tain major elements required for 
combat readiness and the nation’s 
strategic force was vulnerable to sur- 
prise attack. 

“IT am totally unable to reconcile 
what you told the platform commit- 
tee with the tone and content of your 
dispatch to me,” Gates told McNa- 
mara in a letter replying to the 
Secretary’s telegram. “If the condi- 
tions actually had been as you have 
described them, then I could not con- 
scientiously have remained in office 
—nor would I have been allowcd 
toys 

McNamara released the corre- 
spondence at Gates’ request. 


available to a single U.S. division in 
Europe, the Secretary said, “is sufficient 
to destroy the combined populations of 
the 50 largest cities in the United 
States.” 

® Rebutting Goldwater—McNa- 
mara’s speech had been billed in ad- 
vance as a “definitive” statement on 
tactical nuclear weapons and an answer 
to assertions by Sen. Barry Goldwater 
that field commanders, and particularly 
the NATO commander, should have 
authority to employ tactical nuclear 
weapons. The Secretary had planned to 
deliver the speech himself, but the Sept. 
18 Tonkin Gulf incident prevented his 
doing so. 

The “very serious problem of the 
nuclear radiation which accompanies 
all of our nuclear weapons, large or 
small, deserves special emphasis,” Mc- 
Namara said. “In fact, the smallest nu- 
clear weapons kill primarily not by blast, 
but by radiation. 

“T believe it would be hazardous, in 
the extreme, to erase or ignore the line 
separating nuclear weapons of any kind 
from the conventional weapons of past 
wars. There are some who do not con- 
cern themselves with this distinction,” 
the Secretary said in a thinly veilcd 
thrust at the Republican nominee. 

“But in Europe, where tactical nu- 
clear weapons would most probably be 
used, our allies are concerned. I am con- 
cerned. The President is concerned. And 
I think the American people are very 
much concerned.” 

®@ The inventory—Available to the 
Army for division use, although some 
of these weapons are not organic but 
support division operations, are a wide 
variety of nuclear weapons. Included 
are the 8-in. howitzer, the Honest John, 
the Davy Crockett (approved as an aug- 
mentation only of the division equip- 
ment), Sergeant and Pershing. Little 
John, which is only organic to airborne 
divisions, also has nuclear capability. 

Although the Army announced ear- 
lier this year that a nuclear round for 
the 155-mm howitzer had been ap- 
proved, Army officials now stress that 
the round is not being stocked and is 
not available to troops in the field. mm 


missiles and rockets, September 28, 1964 


For first half of 1966... 


Geodetic Balloon Satellite Readied 


NASA HAS ANNOUNCED it will 
use three different satellites in a five- 
flight project to map the Earth’s surface 
and its gravitational field. 

The first step in the new program 
will be taken next month with the launch 
of a Beacon Explorer spacecraft. 

The two other spacecraft in the 
series will be the heavily instrumented 
GEOS and a passive geodetic satellite 
developed by the Langley Research 
Center. 

The program is an outgrowth of 
NASA’s assumption of responsibility 
for DOD’s ANNA satellite program in 
Fiscal Year 1965. It is based on the 
recommendations of the Geodetic Sat- 
ellite Policy Board composed of repre- 
sentatives of NASA, DOD and the Dept. 
of Commerce. 

Two types of geodesy—gravimetric 
and geometric—will be employed to 
gather information on the Earth’s size, 
shape, mass and variation in gravity 
which is not obtainable by other means. 

Gravimetric geodesy is concerned 
with measuring variations in the Earth’s 
gravitational field. Geometric geodesy 
employs principles of geometry to map 
the Earth’s surface in a three-dimen- 
sional reference system. The space 
agency plans to pay particular attention 
to relating specific position on island 
continetns to each other. 

@ BE-B mission—The Beacon Ex- 
plorer (BE-B) satellite will be launched 
by a four-stage Scout booster from the 
Pacific Missile Range. Its main objective 
will be to determine the electron count 
of cross-sections of the ionosphere be- 
tween it and Earth. 

Two other experiments are also 
highly important. One will evaluate the 
use of laser techniques in obtaining ac- 
curate orbital and geodetic information. 
The other is a Doppler transmitter to 
measure the effect of irregularities in 
the Earth’s gravitational field. 

The laser experiment will utilize 
360 one-inch reflectors pointed so that 
a laser beam can be reflected back to 
its ground source. The time it takes for 
the light beam to make the round trip 
will determine the spacecraft’s position 
with greater accuracy than the currently 
used radio means. The space agency 
says problems in aiming the ground- 
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based laser source make chances of 
initial success marginal. 

BE-B was designed and built for 
NASA by the Applied Physics Labora- 
tory of Johns Hopkins University. It 
will be launched into a polar near- 
circular orbit of about 620 mi. If it is 
successful, it will be followed by BE-C, 
which will continue the radio beacon 
experiment for ionosphere studies and 
the laser test. It will also be placed in 
a 620-mi. circular orbit but it will be 
launched from Wallops Island. 

@ GEOS plans—The 350-lb. GEOS 
satellite will also be developed for the 
space agency by the Laboratory. Far 
more heavily instrumented than the 
120-lb. Beacon Explorers, GEOS sat- 
ellites will carry flashing lights, a variety 
of electronic beacons, optical reflectors, 
and when space permits, radar reflectors. 

The launch of GEOS A by a Thrust- 
Augmented Delta is planned for the 
third quarter of 1965. It will be launched 
from an inclination of 59 degrees into 
an elliptical orbit ranging from 700 to 
900 mi. in altitude. A successful GEOS 
A flight will be followed by a second 
flight in the second or third quarter of 
1966. 


Launch date of the passive balloon- 
type geodetic satellite is set for the first 
half of 1966. It will be placed in an al- 
most circular polar orbit at 2,300 mi. 

It will be tracked by several systems 
including one with a network of 36 
camera sites. The stations, 2,500 to 
2,800 mi. apart, will use triangulation 
to provide data required to establish 
precisely all points on Earth in a three- 
dimensional coordinate system. 

As a result, it is expected that any 
point on Earth can be located, as meas- 
ured from the center of the mass, to 
within 32 ft. of its true position. It 
will also be able to measure the distance 
between two points on Earth 2,000 mi. 
apart with the same accuracy. 

The Smithsonian Astrophysical Ob- 
servatory, under contract with NASA, 
will obtain optical data from both the 
flashing light and the passive balloon 
experiments, using its worldwide system 
of Baker-Nunn cameras. 

The Dept. of Defense’s worldwide 
support program will integrate use of 
existing Army SECOR ground stations, 
Navy Doppler tracking stations and Air 
Force geodetic stellar camera systems 
that will observe the flashing lights. @ 


Texas Gets 84-in. Scope 


NASA and the University of 
Texas have signed a contract calling 
for development of the world’s fifth 
largest optical telescope, which will 
be used for lunar and planetary ob- 
‘servation. 

The space agency will provide 
$2.1 million to build the 84-in. re- 
flecting telescope at the University’s 
McDonald Observatory (M/R, Sept. 
21, p. 17). 

The University will fund a $759,- 
000 Observatory building as well as 
provide $1.2 million for associated 
shop buildings. The facility is sched- 
uled to be operational in 1968. 

The contract was signed Sept. 22. 
Initial-year funds will be $700,000. 

NASA said the telescope will be 
devoted mainly, but not exclusively, 
to lunar and planetary studies cor- 
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related with past and future explora- 
tory space flights. 

One plan calls for telescope ob- 
servations of the Ranger VII's impact 
area so that the observations can be 
related to the photos the spacecraft 
relayed back to Earth. Another plan 
calls for observation of Mars so that 
information can be gathered on its 
atmosphere. This data would be in- 
corporated into mission and experi- 
ment planning for future spacecraft 
flights to that planet. 

The McDonald Observatory is 
located at Fort Davis in West Texas. 
The telescope’s size is topped only by 
the 200-in. at Mt. Palomar, the 120- 
in. at Lick and the 100-in. Mt. Wil- 
son telescope, all in California, and 
the 100-in. telescope at Russia’s Cri- 
mean Astrophysical Observatory. 
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Aided by Science Academy... 


House Panel To Begin Scrutiny of 
Government-Funded Basic Research 


R&D Subcommittee Chairman Daddario seeks expert advice on 
evaluation of programs; group has published R&D geographical report 


FIRST HARD LOOK at the spec- 
trum of government-funded basic re- 
search has been initiated by the House 
Science and Astronautics Committee. 
The committee will receive its first re- 
port by the end of the year. 

The committee, usually referred to 
as the House “space” committee, just 
this year began taking the “science” in 
its name seriously. Latest move of the 
Science, Research and Development 
Subcommittee headed by Rep. Emilio 
Q. Daddario (D-Conn.) has been to 
make a permanent affiliation with the 
National Academy of Sciences, on 
which it will call for continuing advice. 

An ad hoc committee has just been 
appointed by the NAS to aid the sub- 
committee in its review of basic research. 
This group, headed by Dr. George B. 
Kistiakowsky, former science adviser to 
President Eisenhower, will report by the 
end of the year its answers to these 
questions: 

—What level of Federal support is 
needed to maintain U.S. leadership 
through basic research in science and 
technology and their economic, cultural 
and military applications? 

—What judgment can be reached 
on the balance of Federal support to 
the various fields of scientific endeaver 
and what adjustments should be made 
under existing, decreased or increased 
overall support? 

Perhaps in deference to the tradi- 
tionally individualistic viewpoints of 
scientists, the committee said it will ask 
that the scientific committee make its re- 
port in individually signed statements, 
rather than try to arrive at a consensus. 
A tally will be made of the responses to 
cach question, however. 

This will mark the first Congres- 
sional use of the National Academy of 
Sciences, whose charter, signed by Presi- 
dent Lincoln, requires it to be available 
to advise all branches of the Federal 
Government. 
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by Heather M. David 


@ New data released—The subcom- 
mittee has just released published hear- 
ings conducted on the geographical dis- 
tribution of research and development 
funds on the question of indirect costs 
on Federal grants. 

Data appendiced on the distribution 
of R&D give some new figures on the 


total picture. In geographical areas, the 
information shows that profit-making 
organizations in the Pacific Coast statcs 
(Wash., Ore., Calif., Alaska, Hawaii) 
lead with $4.1 billion awarded in that 
area, nearly half of the total. 

Next is the Middle Atlantic (N.Y., 
N.J., Pa.) with $1.544 billion, followed 


Distribution of All Government Research and Development Funds, 
FY 1963 


(In thousands of dollars) 


STATE DOD 
Alabama 27,829 
Aloska 2,241 
Arizona 127,119 
Arkansas 10 
California 2,261,903 1, 
Colorado 03,50 
Connecticut 70,965 
Delaware 23,298 
Florida 129,693 
Georgia 2,199 
Hawaii 1,380 
Idaha 575 
WMinois 84,024 
Indiana 31,722 
lowa 2,935 
Kansas 13,547 
Kentucky 609 
Lovisiana 2,003 
Maine 205 
Maryland 241,305 
Massachusetts 328,771 
Michigan 96,858 
Minnesata 41,608 
Mississippi 558 
Missourt 16,377 
Montana 3,114 
Nebraska 332 
Nevada 1,124 
New Hampshire 10,995 
New Jersey 202,910 
New Mexico 28,136 
New York 631,810 
North Carolina 6,426 
Narth Dakota 1,161 
Ohio 118,849 
Oklahoma 6,237 
Oregon 2,014 
Pennsylvania 162,061 
Rhode Island 5,550 
South Carolina 3 
South Dakata 10,299 
Tennessee 41,988 
Texas 168,241 
Utah 113,928 
Vermont 2,074 
Virginia 36,632 
Washington 277,544 
West Virginia 1,118 
Wisconsin 63,772 
Wyoming 1,470 
District of Columbia 37,945 


* Toto! includes Health, Education, and Welfare, 
and Commerce. 


NASA AEC TOTAL* 
102,483 71 137,314 
1,273 61 5,554 
6,102 488 139,460 
14,201 279 17,133 
235,960 230,467 3,807,821 
5,74 1,30 221,581 
7,775 31,959 122,985 
25 92 24,490 
104,738 2,132 247,808 
4,990 691 15,341 
118 152 4,126 
198 25,889 27,621 
13,126 55,412 191,143 
2,492 4,256 49,681 
2,501 6,274 18,537 
916 497 20,380 
81 156 5,647 
170,123 152 181,964 
195 238 2,96 
52,321 6,286 324,561 
42,480 13,719 451,918 
8,353 800 133,518 
8,317 1,780 68,853 
81 31 4,00: 
201,494 238 232,842 
7 27 4,7 
3 110 3,665 
647 121,976 124,474 
571 9 14,199 
57,201 14,206 287,758 
197 193,442 226,207 
79,777 98,710 917,419 
71 1,057 21,972 
1 2,284 
27,561 16,292 185,735 
1,025 417 13,058 
445 543 12,630 
47,824 94,593 348,986 
252 508 9,711 
75 12,345 14,689 
401 346 12,216 
1,794 71,796 133,623 
136,415 1,864 330,870 
320 846 120,019 
48 90 4,9 
26,664 2,090 73,104 
1,983 29,480 321,273 
168 5 5,434 
12,019 4,282 95,024 
0 2,342 
64,123 596 120,494 


Natianal Science Foundotion, Agriculture, Interior 
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by the Mountain States (Mont., Ida., 
Wyo., Colo., N. Mex., Ariz., Utah, 
Nev.) at $866 million. 

Then come the South Atlantic (Del., 
Md., D.C., Va., W. Va., N.C., S.C., 
Ga., Fla.) at $847 million, and the East 
North Central (Ohio, Ind., Iil., Mich., 
Wis.,) with $655 million. Last are New 
England, (Maine, N.H., Vt., Mass., 
R.I., Conn.) $606 million; West South 
Central (Ark., La., Okla., Tex.) $543 
million; West North Central (Minn., 
Iowa., Mo., N.D., S.D., Neb., Kan.) 
$358 million; and East South Central 
(Ky., Tenn., Ala., Miss.) $280 million. 

The committee report is due within 
weeks. The group also is expected to 
draft legislation on the setting of allow- 
ances for indirect costs on gevernment 
contracts incurred in research projects. 
Considerable opposition has been voiced 
toward the 20%-of-contract allowance 
that has been proposed. a 


While in the Senate . . 


Committee 


THE POWERFUL Senate Commit- 
tee on Government Operations headed 
by Sen. John McClellan (D-Ark.) will 
consider legislation early next session 
on the use of automatic data processing 
equipment in government work, a sub- 
ject which has polarized missile/space 
contractors and the General Account- 
ing Office. 

The full-scale review will bring to a 
head the controversies over the use of 
ADP equipment in government con- 
tracts that have raged for many years. 
Points causing the most dissension in- 
volve whether one government agency 
such as the General Services Adminis- 
tration should administer the use of all 
ADP equipment used in government 
contracts, and whether the equipment 
should be bought instead of leased. 

A long list of defense and space con- 
tractors, together with the Defense De- 
partment, have been the subject of GAO 
reports that allege waste of millions of 
dollars in the use of electronic data 
processing equipment. 

McClellan said his committee will 
take up a number of bills on the sub- 
ject, including one already passed by 
the House. This bill, which the Senate 
committee has also considered revising, 
authorizes the administrator of Gen- 
eral Services to coordinate and other- 
wise provide for a government-wide 
policy of buying equipment. Sen. Paul 


GT-2 Arrives at Cape 
THE SECOND Gemini capsule has arrived at Cape Kennedy from McDonnell Air- 
craft in St. Louis and sent to the Merritt Island Pyrotechnics Building for uncrating and 
preliminary checkout. The 7,000-Ib. spacecraft will next proceed to the Fluid Test 
Coniplex wliere its hydrogen peroxide thrusters will be test-fired. Mating to the Titan Il 
will follow. 


Will Study Use of ADP 


Dougias, (D-Ill.) said that he will in- 
troduce a companion bill to the House 
bill. 

® Budget cuts triggered—tThe costs 
of leasing ADP equipment have resulted 
in budget slashes by Senate committees 
on both defense and space bills, in an 
effort to bring about action in this area. 

President Johnson has also indicated 
that he supports legislation. He is due 
to receive a study conducted by the 
Bureau of the Budget in a few weeks 
making its recommendations. 

There are about 1,800 computers in 
use in the government, and plans are 
under way to obtain hundreds more. 
Costs are estimated to have risen from 
$251 million in 1959 to about $1,053 
million in FY 1965. Legislation will ob- 
viously have great effect upon computer 
companies. 

The bill passed by the House (HR 
5171) is opposed to one degree or an- 
other by almost all missile/space com- 
panies and government agencies except 
the General Accounting Office and the 
General Services Administration. 

@ Industry comments—North Amer- 
ican Aviation President J. L. Atwood 
voiced the feeling of many missile/ 
space companies questioned by the com- 
mittee, when he said the concern of 
NAA was about the clause that provides 
for GSA control of equipment pur- 
chased, leased and maintained “at the 
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expense of Federal agencies.” Under the 
present system, most computer work is 
leased by the contractor, with costs in- 
cluded in the government contract. 

Atwood, along with Aerojet-General 
President W. E. Zisch and Martin Vice 
President Howard W. Merrill, indicated 
that their opposition was partly based on 
the extra costs that might result from de- 
lays in obtaining computers when going 
through a central agency. Zisch pointed 
out that the contractor could be placed 
in the position of having to justify its 
requirements to the GSA while defend- 
ing its performance to DOD, NASA 
and the other Federal agencies. 

General Dynamics President Roger 
Lewis asked that if the bill be enacted, 
organizations “other than Government 
agencies,” be specifically excluded. “We 
believe that effective utilization of 
ADP equipment by contractors can be 
achieved through good contract admin- 
istration rather than through legislation 
of this nature,” he said . 

Electronic Industries Association 
General Counsel John B. Oliverson also 
came out strongly against the bill, say- 
ing that in addition to raising contract 
costs in defense and space programs, it 
would impede the development and ad- 
vancement of computer technology. 

Hearings will be held by the com- 
mittee early next year, Chairman Mc- 
Clellan said. S| 
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Forcontinued progress in the conquest 
of space, depend on DOUGLAS 


A MATHEMATICAL SPACE SYSTEM has been built by Douglas to 
save thousands of hours in building a real one. Computers ana- 
lyze all the requirements for a complete life-support and envi- 
ronmental system, figure out how to satisfy them, and even 
indicate design details of equipment that will do the best job. 


AN EXERCISE MACHINE FOR SPACEMEN, this small cen- 


trifuge will restore earth vigor to astronauts weakened 


by the lack of gravity in an orbiting space laboratory. DOUGLAS 


Designed and being tested by Douglas, it will be used 
periodically by members of a space crew. 


DOUGLAS ADDS MORE BOOST TO DELTA, 
world’s most reliable space booster, by add- 
ing solid-fuel rockets to its first stage. The 
standard version, still in use by the U.S. Na- 
tional Aeronautics and Space Administra- 
tion (NASA), has the remarkable record of 


performing perfectly in 22 consecutive space 
research missions. 


Va 


Se 


MISSILE & SPACE SYSTEMS DIVISION 


’ 


Technical Countdown 


ELECTRONICS 


Low-power Data Processor Ordered by Goddard 


An 8-oz., 13-cu.-in. data processor requiring from 0.28 
to 0.37-watt total power will be evaluated by NASA for 
possible use in OGO-E, an Orbiting Geophysical Observa- 
tory with eccentric orbit. Being developed by General In- 
strument Corp. for the agency under a $94,377 nine-month 
contract, the sub-system is scheduled for delivery to Goddard 
Space Flight Center next February. The unit, said GIC, will 
employ some 150 microcircuits including 97 flip flops. The 
design will permit a data input rate of 10° bits/sec. and an 
output of 64,000 bits/sec. The eight-channel processor is 
comprised of 10 modules, including seven binary counter 
registers. Each of the registers employs nine ceramic- 
mounted, silicon-planar, complementary flip flops. 


AF Seeks Sensitive Laser Receiver 


An ultra-sensitive laser receiver will be studied and, 
possibly built, under a $90,000 contract received by Syl- 
vania’s Mountain View, Calif., facility. The R&D effort in- 
cludes a study of laser communications techniques and a 
demonstration of a prototype optical receiver by Spring, 
1965. Methods, said Sylvania, will be explored for the detec- 
tion and amplification of very weak AM and FM optical 
signals. Techniques for both laser communications and 
radar will be investigated. 


New Pulse Compression System Reported 


A new method for performing radar system pulse com- 
pression-expansion functions provides compression ratios 
up to 1,000:1 and bandwidths up to 25 mc, claim developers 
at Andersen Laboratories, Inc. Called Delecon (for Delay, 
Extend and Contract), the system is described as small 
(roughly 2 cu. ft.), inherently stable and reliable, and low 
in cost. Capable of replacing several racks of conventional 
equipment required to perform the range functions, Ander- 
sen Labs asserts that its concept makes existing systems 
obsolete. Delecon design is based on the use of acoustic 
transmission in fused quartz, the firm said. 


CSC To Build Saturn V Test ADP 


Two SDS-930 digital computers, built by Scientific Data 
Systems, Inc., will be used simultaneously to process Saturn- 
V static-firing test data at NASA’s Mississippi Test Operation. 
The general purpose computers will be combined as a part 
of the Data Handling System to be designed, built and in- 
stalled at the facility by Consolidated Systems Corp. under a 
recently announced $1.6-million contract from AETRON 
Div. of Aerojet-General Corp. AETRON is prime contractor 
to NASA for the entire Saturn-V Data Handling Center. 
The system is presently scheduled for installation early next 
year. 


TV Boosts Microscope Magnification 


A ten-fold magnification increase has been obtained by 
RCA by applying television techniques to an electron micro- 
scope. Using a 3-in. orthicon and image intensification, mag- 
nification was raised to 2x10° times. Specimens are intensi- 
fied and displayed on a standard TV monitor. Through the 
use of the RCA approach, some materials normally destroyed 
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or altered by the electron beam may now be re-examined 
using a somewhat weaker beam. A secondary advantage of 
the use of TV is the capability to produce a video tape of 
occurrences under study, thus recording transient phenomena 
previously lost. Still photos can be made at will from the 
video tape presentations. 


MATERIALS 


Macrosonic Tools and Techniques Developed 


Microsonic irradiation can reduce the forces required to 
plastically deform metal by up to 100%, claims the U.S. 
Naval Ordnance Test Station, China Lake. The use of ultra- 
sonic high intensity energy, according to Dr. Berwin 
Langenecker, permits efficient forming if the acoustical 
energy is properly directed toward the deformation zone. 
NOTS has already developed ultrasonic tools to implement 
metal ironing, curling, deep drawing, rolling and cropping. 
So far, said Langenecker, development of suitable macro- 
sonic transducers and achievement of good energy coupling 
to the deformation zone remain the biggest obstacles to ap- 
plying these techniques to large-scale industrial uses. 


Ultra-high Vacuum Zone Refiner Available 


Zone purification of materials and single-crystal growth 
can be achieved at pressures down to 10° torr and at 
temperatures above 4,000°C with a new electron-beam fe- 
finer, according to MRC Manufacturing Corp. A 10-in. 
vacuum system provides 4,200-liter/sec. pumping speed. 
Through use of the very high vacuum, MRC stated, single- 
pass refining will produce purities available previously only 
through multiple-run zone refining. The new unit, Model 
EBZ-94, equals or improves purity at both reduced time and 
cost, developers claim. The system employs a hydraulically 
moveable stainless steel bell jar housing the electron-beam 
assembly and scanning devices. All operations are controlled 
externally. 


BIOTECHNOLOGY 


Lockheed Maintains Unique Algae Farm 


Lockheed-California has disclosed that it has maintained 
an algae farm for three years without addition of fresh 
strains and with no loss of vitality in the culture. During this 
time, Lockheed engineers also developed a unique cylindri- 
cal tube system in which the algae is grown in strips circum- 
ferentially within the tubes. The culture is “swirled” around 
inside the tubes, in a “flowing film” pattern to expose all 
cells to illumination from the exterior. 


Martin Probes Extraterrestrial Life Detection 


A new method to detect extraterrestrial life is being stud- 
ied at the Martin Co.’s Research Institute for Advanced 
Studies (RIAS) under a one-year NASA contract just 
awarded. The principle premise is that any organisms that 
might exist would use water as a solvent for the chemical 
reactions in their metabolism. Enzymes within these extrater- 
restrial organisms would then trigger an exchange in water 
itself and oxygen-containing salts dissolved in it. The re- 
searchers feel that this method will detect even forms of life 
that are not based on the carbon cycle. 
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space propulsion 


Valveless Control Rockets Developed 


Subliming propellant is activated by radiant energy; can be pulsed 
for 200,000 hours for use in attitude control, spin maneuvers 


A PULSE-OPERATED solid rocket 
with no moving parts is being developed 
by Rocket Research Corp., for control 
of satellites and space vehicles. 

Designated the Valveless Rocket, the 
device uses a Special subliming solid 
propellant with a radiant energy source. 
There are no pressure regulators, pro- 
pellant tank bladders, pressurization 
systems or valves in the design. 

A typical Valveless Rocket consists 
of a charge of subliming solid pro- 
pellant in a propellant tank. The charge 
is in open communication with an ex- 
haust nozzle. 

Under normal operating conditions, 
the subliming solid grain releases very 
little vapor. The propellant responds to 
radiant energy. When this energy is 
applied, sublimation occurs and the re- 
sulting vapor passes through the nozzle, 
producing thrust. Cutting off the radiant 
energy source halts sublimation and 
eliminates thrust. Pulsing is achieved by 
on/off sequencing of the radiant energy 
source. 


SOLID STATE 
COMMAND SWITCH 


RADIANT ENERGY SOURCE 


REFLECTOR 


PROPELLANT IN 
SOLID CAKE FORM ~. 
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by John F. Judge 


The Valveless Rocket is an out- 
growth of the Seattle, Wash., firm’s re- 
search on subliming solid control 
rockets. The key to operation is the 
control of sublimation by radiant 
energy. Since there is no ignition nor 
combustion, the rocket may be pulsed 
indefinitely. 

Overall reliability is a function of 
the reliability of the radiant energy 
source and the stability of the propel- 
lant. Many different types of radiant 
energy may be used; the choice depends 
on the desired operating characteristics. 

Typical radiant energy sources used 
have been types that can be pulsed re- 
peatedly with lifetimes from 10,000 to 
200,000 hours. They are designed to 
withstand the launch and space environ- 
ment. The propellant itself is stable and 
has an indefinite storage life. 

® Performance proven—Specific im- 
pulse between 60 and 80 seconds is 
generally achieved with the Valveless 
Rocket—depending on the thrust level 
and operating conditions. 


NOZZLE 


y, 
/ THRUST LEVEL —104 TO 0.1 LB. 


wee” 


SPECIFIC IMPULSE —84 SEC. THEO. 
PROPELLANT DENSITY — 0.05 LB/IN? 


One unit recently tested by Rocket 
Research has a design total impulse 
level of 500 lbs.-sec. It measures 4 in. 
across and about 15 in. high. Michel 
E. Maes, program manager, says the 
emphasis has been on low thrust levels 
because an analysis of potential applica- 
tions showed requirements in the 10-5 
to 10—® lb.-thrust range for very long 
missions. 

The current thrust levels possible are 
from 10~4 to 0.1 Ib. with a theoretical 
Isp of 84 sec. The propellant density is 
0.05 Ib./in.®. 

In addition to the startling reliability 
advantages, lack of both moving parts 
and high operating pressure is significant 
in total system-weight. 

Maes and his group chose the pro- 
pellant formulation for its subliming 
properties and its molecular weight. 
The propellant has a molecular weight 
sufficiently low to yield better perform- 
ance than nitrogen gas, according to 
Maes. 

The propellant tank weighs no more 
than 0.1 that of the total propellant 
weight because of the low operating 
pressure. The radiant energy source and 
nozzle assembly are also lightweight. 
Compared with a nitrogen gas reaction 
system, Maes says, the Valveless Rocket 
system is lower in weight by a factor 
of two. 

The electrical power necessary for 
operation is on the order of 10 to 15 
watts per millipound of thrust, and 
power is required only when the rocket 


OPERATING SCHEMATIC of Rocket 
Research Corp. valveless rocket shows 
relative simplicity of achieving pulsed cy- 
cling by turning the radiant energy source 
on and off. Numerous types of radiant en- 
ergy sources are available for use with the 
special subliming propellant. 
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is Operating. For ccrtain power-limited 
applications where the operating duty 
cycle of the Valveless Rocket is low, 
small batteries can maintain the power 
during the operating periods. A low 
power recharge can be applied to the 
batteries during the off periods. 

Maes and his staff are continuing 
efforts to reduce the operating power 
of the engine. 

@ Part of a family—There are 
several other Valveless Rocket configu- 
rations besides the typical unit described. 
Rocket Research has designs for double 
thrustor units—and even the potential 
application of lasers as radiant energy 
sources. Another configuration fits rela- 
tively high-thrust applications. Here the 
radiant energy source is a single longi- 
tudinal filament positioned through an 
end-to-end core in the propellant grain. 

Still another configuration could use 
the Sun as the radiant energy source. A 
possible application would be the use of 
a totally passive attitude-control system 
for solar-oriented vehicles. Misalign- 
ment of the vehicle with respect to the 
sunline would result on impingement of 
sunlight onto the subliming solid sur- 
face. The thrust produced could drive 
the vehicle back to its deadband 
position. 

Maes says all existing control rocket 
systems have a valve of some sort, which 
has always been a major source of un- 
reliability on long-life missions. Since 
the Valveless Rocket has as its primary 
characteristic the absence of moving 
parts, the applications are mainly those 
requiring thousands or even millions of 
on-off operating cycles. 

The firm has analyzed a number of 
potential missions for the rocket. The 
most promising are characterized by 
long-life and low-thrust-level require- 
ments. These include orbital station- 
keeping, vehicle spin-up and re-spin, in- 
terplanetary attitude control and solar 
orientation. a 


A VALVELESS ROCKET consisting of a transparent propellant 
tank, a propellant charge, radiant energy source and nozzle in 
open communication with the propellant is shown in both con- 
ditions. LEFT: With the radiant energy off, the target (upper 
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TYPICAL THRUST TRACES produced by valveless rockets on the pendulum balance. 
Balance of the restoring force can be adjusted to very low levels. Sensitivity is high and 
measurements are possible at 10°-Ib. thrust levels with high recorder deflection and an 
accuracy better than 3%. Trace shown is a 10-minute run with the impressed force 
calibration appearing on the right side of the trace. The two external disturbances noted 
were caused by the movement of large trucks in the close vicinity of the laboratory. 


right) protrudes horizontally over the nozzle opening indicating 
that no exhaust is present. RIGHT: The target is deflected up- 
ward as the radiant energy source is turned on, generating exhaust 


vapor 
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propulsion engineering 


Navy Propellant Mixer Technique 
Employs Gas Turbulence in Porous Tube 


New method reduces explosion hazard while offering economy, 
efficiency; production-size versions said practical; offers easy 
quality control and accommodates variety of ingredients 


InpIAN HEap, Mp.—An economical 
and highly efficient composite solid-pro- 
pellant processing method developed at 
the Naval Propellant Plant may be the 
answer to the high-volume production 
requirements posed by large solid boost- 
ers. 

Engineered gas turbulence in a 
porous tube provides the mixing func- 
tion in the NPP Pneumatic Mix Proc- 
ess. The crucial mixing innovation is 
the creation of Albert J. Colli, Super- 


LEFT: Mixing station in the pneumatic process is housed in 
jacket being checked by propellant operator at Naval Pro- 
pellant Plant's pilot facility. RIGHT: Solids feeder on stream 
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visory Chemical Engineer and co-holder 
of the patent on the entire process. 

Extrapolation of current pilot plant 
Operations indicates that a 25,000 lbs./ 
hr. facility using the process can be 
built for less than $1 million. This is 
an order of magnitude less than com- 
parable costs for blade mixing installa- 
tions. 

Because so little propellant is in the 
actual mixer at any given time, the ex- 
plosion hazard is greatly minimized. 


an | 


Colli’s innovation is the use of a 
sintered-steel porous tube as the mixing 
station. Liquid and solid ingredients are 
fed into the tube while air or a suitable 
gas is injected at pressure into a jacket 
surrounding the mixing tube. The in- 
jected gas pressure is high enough to 
cause turbulent mixing in the tube while 
keeping the propellant away from the 
sintered walls. 

©® Automatic mixing—Uneven radial 
distributions between the two ingredient 


at pilot plant have been adapted to withstand a pressure of 30 
psig. Vibra-Screw feeding unit at left is mounted on an Omega, 
500-Ib. beam loss-in-weight mechanism. 
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Total Involvement At Grumman 


World View 


Visitors to the World’s Fair are shown getting their first good look at the LEM (Lunar Excursion 
Module) Grumman is building for the Manned Space Center of the NASA. 


As the World’s Fair’s technical exhibit in essence compose the “World of Tomorrow on View”, the 
engineer and scientist is brought to the forefront. At Grumman this sense of participating in the future 
with a management who continually thinks towards the future, has made for an unusually stable 
environment. This stability supplemented by recognition and reward, without which any creative 
drive must soon founder, adds further nutrient to professional appetites. Here then is the opportunity. 
Engineers and scientists are urged to explore opportunities in the following areas: 


SYSTEMS ANALYSIS 
Mission Analysis 
System Synthesis & Analysis 
Data Processing Systems 
Systems Integration 
Sensor Systems 
Control Systems 
Systems Simulation 
Programming 
Programming Analysis 
System Test Planning 

& Coordination 


RELIABILITY CONTROL 


Component Parts 


Reliability & Maintainability Engrg. 


Reliability Test 
Reliability Statistics 


DYNAMIC ANALYSIS 
Guidance Dynamics 
Control Dynamics 
Space Dynamics 
Acoustics & Environmental 

Vibration 


POWER PLANT & ENVIRONMENT 


Environmental Control & 
Life Support Design & Test 


Space Power Plant Design & Test 


Fuel Cell Test 
Cryogenic System Design & Test 


COMPUTING SCIENCES 
Digital Programming (7094) 
Mathematics 
Computer Design of 
Analog Support Equipment 


To arrange an immediate interview, 


SEND RESUME to 
Mr. P, M. Van Putten, 


Manager Engineering Employment, 


Dept. GR-86, 


THERMAL CONTROL & PROPULSION 
Heat Transfer & Thermo Dynamics 
Rocket System Performance Analysis 
Fluid Mechanics/Gas Dynamics 


FLIGHT TEST 
Test Analysis 
Launch Operations 
Systems 


INSTRUMENTATION 
Systems Design 
Flight Operations 
Measurements & Transducers 
tnstallation 
Test Facilities 


DATA PROCESSING 


Program Analysis & Support 
Ground Station Data Handling 


ELECTRONIC SUPPORT ENGRG. 
Digital Logic Design 
Analog Simulation & Analysis 
Transistor Power Supply & Control 
Switching Logic 
Video Simulation 
Electr. Laboratory Development 


MECHANICAL SUPPORT ENGRG. 


Cryogenics, Environmental Control, 
& Propulsion Equipment 
Systems Engineering 


LIAISON ENGINEERING 


Materials Review Engineers 


STRUCTURAL INTEGRITY 


Structural/Environmental Test 


RF ENGINEERING 
Communications & Navigation 
Detection 
RF Interference 
RF Systems Analysis 


SERVO ENGINEERING 


Guidance & Control 
Power & Instruments 


COMPUTER ENGINEERING 
Programming 
Computer System & 
Hardware Design 


ELECTRONIC LIAISON TEST 
Radar 
Digital Computers 
Inertial Systems 
Electronic Field Engineering 


SPECIFICATIONS 
Preparation of Electronic 
Performance & Test Specs. 
(AFSCM 375 Method) 


QUALITY CONTROL 


Electronics 
Mechanical 
Propulsion 


FACILITIES 


Power Distribution Systems 
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HONEYWELL 
INSTRUMENTATION 


Two New Instruments Expand 


Line of Strip 


PHILADELPHIA — Introduction of 
the ElectroniK 16 wide-chart recording 
potentiometer and the ElectroniK 19 
portable laboratory recorder greatly in- 
creases the performance capability of 
Honeywell strip chart recorders for test 
facility and laboratory use. 

The ElectronikK 16 recorder is ex- 
tremely convenient to install, maintain 
and use. It mounts directly into a 19- 
inch relay rack without adapters or filler 
panels and has a new, high-performance, 
transistor servo-measuring unit. Chart- 
changing has been greatly simplified and 
an optional chart transport, which can 


Chart Recorders 


be preloaded, permits charts to be 
changed in approximately 10 seconds. 
The ElectroniK 16 is available in single, 
two-pen or multipoint models. 
Mechanical layout of the recorder is 
such that most available options and ac- 
cessories have their own unique loca- 
tions on the chassis. Many options can 
be added later in the field—no need to 
return the instrument to the factory. 


The ElectroniK 19 portable lab re- | 


corder, a highly versatile instrument, is 
capable of measuring voltages from 100 
microvolts full scale to 100 volts dc 
full scale without auxiliary equipment. 


Among other features, it has a tilting 


chart platen and thumb-wheel selection 
of 10 chart speeds. 

The well-known ElectroniK 17 re- 
corder is ideal where mounting space 
must be conserved and accurate, low 
frequency dynamic measurements are 
required. The instrument features the 
infinite resolution Stranducer rebalanc- 
ing element and solid-state circuitry. 
One or two independent full-width re- 
cording channels can be provided on a 
six-inch strip chart. Two chassis, each 
with one or two recording channels, al- 
low recording of up to four independent 
channels in only 14 inches of vertical 
space in a standard 19-inch relay rack. 

The ElectroniK 18, a single -pen, 
small-case recorder, is suitable for 
many demanding assignments, where 
equipment cost must be minimized. 


ABRIDGED SPECIFICATIONS FOR STRIP CHART RECORDERS 


Calibrated 
Accuracy 


Dead Band 


Chart Speeds 


Chart 

Span Step 
Response Time 
Calibration 


Ranges 


Approximate 
eight 


Price Range (no 
options included) 


Circle reader 
service card # 


ElectroniK 16 
Single, Two-Pen and 
ultipoint Recorder) 


+14 of 1% of span 
for mv ranges 


ElectroniK 17 
2, 3, or 4-Pen Recorder) 


C 
+% of 1% of span 


ElectroniK 18 
(Single-Pen only) 


+ 3/10 of 1% of span 


0.15% of span 0.2% of span 


From 4 inch/hr. 
to 4 Inches/second 


11-in. calibrated width, 
122 ft. tong 


Y to 480 inches/hr. 
single speed; up to 3600 
inches/hr. with jump 
speed 


6-in. calibrated width. 
126 ft. long 


1 second full scale 1 second full scale 


D-C voltages and currents, 

thermocouple, radiation 

RyCernerer, resistance 
ermometer, tachometer 


Minimum 1 millivolt 
full scale 
Mexlmum 300 volts 


full scale 


$1000—1975 


D-C voltages and currents, 


thermocouple, radiation 
pyrometer, resistance 


thermometer, tachometer 


Minimum 1 miltivolt 
full scale 
Maximum 300 volts 
full scale 


Single chessis 46 tb. 

Dual chassis 116 Ib. 

$755—2680 
a 


¥% to 120 inches/hr. 


6-in. calibrated width, 
126 ft. tong 


1 second full scale 


Thermocouple, radiation 


pyrometer, millivolts, 
milliamperes 


Minimum 1 mitlivolt 
full scale 


Maximum 100 millivolts 


full scale 


ElectroniK 19 
(Single and Two-Pen) 


+% of 1% of span or 
1 microvolt, whichever 
is greater 


0.15% of span 


10 indicated speeds from 
10 minutes/Inch to 

1 second/inch plus 
“stand-by”’ 


6-in. calibrated width, 
126 ft. long 


Less than 0.5 second 
full scale 


D-C voltages 


Less than 20 Ib. 
$1100 net 
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HONEYWELL, Philadelphia Div., Philadelphia, Pa. 19144 + Denver Div., Denver, Col. 80217 


INDEIVNES 


MILITARY 


EDITION 


Four Visicorder Oscillographs Offer 
Flexibility in Dynamic Data Recording 


DENVER—Honeywell’s line of di- 
rect-recording Visicorder oscillographs 
now includes models to fit almost every 
conceivable data recording need in the 
aerospace and scientific areas. 

The 36-channel Model 1612 instru- 
ment, for instance, is available in a con- 
figuration that meets rigid military spec- 
ifications for radio frequency (RFI) 
suppression. Another optional feature of 
the Model 1612 permits use of the new 
Eastman Ektaline and Du Pont fast-proc- 
essing develop-out papers, as well as con- 
ventional photographic recording papers. 

The Model 1508, like the Model 


data systems. It records up to 24 chan- 
nels of data simultaneously, yet occupies 
only seven inches of rack height. 

The Model 1108, the most complete 
24-channel oscillograph on the market, 
and the small, inexpensive Model 906, 
a 14-channel instrument, are designed 
primarily for bench use. 

All four instruments are based on the 
Honeywell-developed principle of using 


ultraviolet light to record data on light- | 


sensitive paper, thus providing instantly 

readable, permanent oscillographic rec- 

ords without chemical processing. 
The accompanying chart shows the 


1612, is designed for rack-mounting in | outstanding features of each instrument. 


Number 3-MI 


8 Graphic Recorders 
Fill Test Data Needs 


PHILADELPHIA—Eight graphic re- 
corders now available from Honeywell’s 
Philadelphia and Denver Divisions will 
satisfy most requirements for the re- 
cording of missile data falling in the 
DC-6000 cps range. The group includes 
four Visicorder oscillographs and four 
strip chart potentiometric recorders. 

The wide choice of instruments avail- 
able, along with the variety of options 
offered, enables users to select recording 
systems or individual units that will 

ji riiteiatly meet requirements. The in- 
struments can be specified for rack or 
panel mounting, with laboratory feet, or 
for mounting in mobile consoles. 


ABRIDGED SPECIFICATIONS FOR VISICORDER OSCILLOGRAPHS 


ebbbt itd 


906 
No. of Channels 14 
Paper Width 6" 
Paper Speeds 15—.1 to 160 ips 4—.4 to 50 ips 
Frequency Response DC-6000 cps DC-6000 cps 
Writing Speed 50,000 ips + 50,000 ips + 
Record Reverse Yes Nt i | No 
Heated Platen No 
Latensifier Optional 
Paper Takeup | Builtin Built-in Optional Optional 
RFI Qualified | Yes—Optional TNO | NN 
Develop-Out Capablli No 
Gridlines | Builtin  C|SCBuiltsin Built-in Optional 
Time Lines [Optional | Builtin Optional (Optional 
Trace Identification [ Builtin dS Builtin, SCS Built-in—Optional__—|__ Optional 
Trace Numbering Nomen | || Optional =Ss_i|__No 
Galvo Intensity Control Optional 
Remote Operation Yes 
Auto. Record Length Control | Bulltin |S Builtin. | NON 
Paper Supply Indicator SO ee a|aeuit-In Sees | Bulltin | Built-in 
Price Range $1855-2700 
Circle reader 32 


service card # 


HONEYWELL INTERNATIONAL Sales and service offices in principal cities of the world. 
Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 


(All prices and specifications subject to change without notice.) 


Honeywell 


phases are dissipated as they move 
through the mixing tube. The turbulent 
motion and continuous acceleration gen- 
erated within the mixer tends to level 
out short-term feeding fluctuations. 

The liquid phase is injected per- 
pendicular to the high-velocity gas 
stream containing the solid particles at 
the mixer entrance. The kinetic energy 
of the liquid stream is used to penetrate 
the gas stream—subjecting the liquid to 
the high-velocity gas. 

Introduction of the liquid takes 
place near enough to the tube mouth to 
prevent liquid droplet impingement on 
the tube wall. The cross-sectional area 
at the point of liquid introduction is 
sized so that the resultant velocity vector 
allows the liquid to converge outside of 
the tube. If this liquid sheet is signifi- 
cantly dense, it is effective in exposing 
a very high percentage of the conveyed 
solids to the liquid. 

The demonstration facility con- 
structed at NPP uses a specially modi- 
fied Vibra-Screw feeding unit for oxi- 
dizer input. The unit, adapted to with- 
stand a pressure of 30 psig, is mounted 
on an Omega, 500-Ib. beam loss-in- 
weight mechanism. A similar unit can 
be used to feed ballistic modifiers or 
metal additives into the process stream. 

A specially designed ejector entrains 
the solids from the feeders and exhausts 
them to the mixing units. Two metering 
pumps control the liquid flow of pre- 
polymer and crosslinker to the mixing 
unit; an in-line mixer is used to blend 
the liquid ingredients before injection 
into the mixing tube. 

After passage through the mixing 
tube, the major portion of the entrapped 
air is separated in a high-efficiency cen- 
trifugal separator. A slit plate positioned 
just above the evacuated propellant 
mold serves as the secondary and final 
de-aeration step. 

The elimination of the explosive 
hazard in pneumatic mixing is a great 
advantage of the system. The porous 
tube mixing eliminates all mechanical 
mixing—a factor which increases safety. 

In addition, Colli says, the instan- 
taneous mixing obtained minimizes the 
amount of explosive material within the 
mixing unit—less than 1 lb. at a pro- 
duction rate of 5,000 lbs./hr. 

Neither the ratio of solids to liquid 
nor the viscosity of the liquid phase 
significantly decreases the mobility of 
the dispersed phases through the mixing 
unit since the carrier gas highly dilutes 
the material in the mixer. 

@ Scale-up economical—Colli says 
the production potential for the pneu- 
matic mix process can be varied through 
design from a few hundred to thousands 
of pounds per hour. Should the propel- 
lent go off specification, the error can 
be detected and corrected within a 


minute, assuming adequate control 
mechanisms. 
26 


Colli maintains that the conditions 
for mixing a wide range of solid-liquid 
ingredients with the technique can event- 
ually be predicted from the properties 
of the ingredients. 

The speed, rate of breakup and criti- 
cal size of droplets in gas streams have 
been theoretically correlated to the phys- 
ical properties of the liquid phase in 
many areas of industrial technology. 
Numerous detailed scientific and engi- 
neering correlations have been estab- 
lished in the processing industries to 
determine the conditions for pneumat- 
ically transporting solids. 

The more sensitive double-base pro- 
pellant processes can be handled through 
another NPP process known as Inert 
Diluent. The Inert Diluent Process is 
a slurry method. All solid ingredients 
are introduced from pre-weighed hop- 
pers to a disperser in which a dilute 
slurry is made up with an inert carrier. 

Solid slurry is pumped from this 
tank to a mixing tee. Liquid ingredients 
are educted from a tank by a second 
stream of carrier and the two streams 
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are mixed. The propellant is allowed to 
Settle out and is then evacuated and 
cast. The IDP process is based on the 
Rocketdyne Quick-Mix method. 

The IDP process uses inert liquid 
carriers, which usually are incompatible 
with some of the liquids used in com- 
posite processing. Thus the pneumatic 
approach is best for composites. 

The pneumatic concept is a proven 
method. Propellant has been manu- 
factured in the demonstrations facility 
and fired. The process lends itself easily 
to automation, but this obviously raises 
problems in quality assurance and con- 
trol. 

Quality assurance in automated pro- 
cesses is a new field in which a great 
deal of work is yet to be done. Another 
problem area is in the solids feeder 
section of the system. There are several 
approaches to this difficulty; NPP ex- 
perts are evaluating both industrial 
feeder systems and some of their own 
ideas. 

Industry acceptance of the pneu- 
matic process has been good. a 
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nuclear effects 


Minuteman Shock-Resistance 
Testing Scheduled for Next Year 


KirTLAND AFB, N.M.—A _ tech- 
nique for simulating ground shock ef- 
fects of large nuclear air bursts on 
ICBM sites around the country is under 
development here, with full-scale tests 
on an operational Minuteman launch 
facility scheduled next year. 

Ultimate objective envisioned is ap- 
plication of the technique to the hard- 
ened missile force to determine its 
vulnerability and survivability. The 
technique involves detonation of high 
explosives distributed on the ground 
over a facility. 

If the method is successfully devel- 
oped, the Air Force says, it will ac- 
complish two critical aims that are 
either unattainable because of the test 
ban treaty or impossible from a prac- 
tical standpoint: 

—Provide a tool that will permit 
field proof testing—realistic simulation 
on complete, full-scale ICBM systems 
of the tremendous overpressures pro- 
duced by nuclear air bursts. 

—Enable for the first time a full- 
scale in situ check on existing individual 
hard sites around the country, an im- 
possibility with nuclear devices even 
without the treaty. 

“This will enable us to check opera- 
tional facilities under realistic condi- 
tions without worry about disturbing 
any nearby communities,” a spokesman 
told MissILES AND ROCKETS. 

@ Portability an  advantage—A 
major advantage of a full-scale portable 
technique is that it can be applied to 
operational sites anywhere. The testing 
problem is complicated by the fact 
that soil and geological characteristics 
vary considerably from site to site, so 
that predictions for one may not apply 
to another. 

In developing the simulation method, 
the Air Force is mainly interested in 
duplicating the traveling wave effect 
resulting from overpressures emanating 
from the explosion source. This is pro- 


_uteman facility. 


duced by either air or surface bursts. 
Underground explosions present dif- 
ferent problems and need not be simu- 
lated under the test ban. 

The air burst problem is com- 
pounded because there are reinforcing 
effects produced by the traveling air 
blast wave feature, which feeds shocks 
into the ground at varying magnitudes 
and speeds as it moves out from ground 
zero. The result could be oscillations 
more damaging than the direct shock. 

Final phase of the simulation devel- 
opment program calls for an Air Force 
Ballistic Systems Division technical staff 
to conduct the first full-scale tests on 
what spokesmen call “a real, live Min- 
” Air Force Weapons 
Laboratory (AFWL) here, which is 
developing the technique, will provide 
a scientific advisory staff. 

@ Knowledge gap—Air Force has 
been concerned for some time about 
acute lack of data in two areas: 


by Willard E. Wilks 


—There has been little opportunity 
up to now to subject complete, full-scale 
systems to air blast-induced ground 
motions from a large yield nuclear 
weapon, to say nothing of even bigger 
weapons that may be downstream. 

“We are on the frontiers of struc- 
tural engineering,” an Air Force source 
told M/R. “The critical area here in- 
volves things which go beyond the scope 
of conventional engineering, shocks 
far in excess of the natural environ- 
ment.” 

—Science lacks much basic knowl- 
edge about shock phenomena in the 
earth. The answer to this lack was over- 
design. 

“There has been much uncertainty 
about the behavior of soil and rock,” 
another spokesman said. “But we feel 
great confidence. Many conservative 
assumptions have been built into the 
systems. We do have concern in the 
broad sense, reflected by the fact that 


SIMULATION TEST shown here used gas-bag technique, now discarded, but tub-like 
structure will be used in upcoming “live” shock tests of Minuteman silo hardness. 
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ABOVE: Drawiig of new Air Force Systems Command facility 
in which nuclear shocks will be simulated at Kirtland AFB. 
Scheduled for early testing in the facility will be the shock isola- 
lion system for underground ICBM launch 
RIGHT; Minuteman ICBM launch control center during con- 
struction. Capsule is nearly complete and ready to be covered 
with earth. Chimney-like structure is an elevator shaft. 


we're carrying on extensive research 
in this area. But we are not pessimistic.” 

An example of what analytical 
studies can produce is a recent investi- 
gation sponsored by AFWL at Cali- 
fornia Institute of Technology. Accord- 
ing to the study report, it was discovered 
that a shock wave from a nearby nu- 
clear burst would induce reverberations 
—identified as a “‘bell-ringing effect”— 
in a silo that may be more damaging 
than the shock wave itself. 

High-intensity waves with energy 
comparable to that of the shock wave 
move rapidly in opposite directions 
around the cavity (silo) walls, and at 
points where the waves cross each other 
in phase, their energy is doubled. 

@® Two approaches—AFWL has 
made a comprehensive appraisal of 
many different simulation techniques 
both for degree of simulation and cost. 
The various techniques can be divided 
into two broad categories, those which 
try to match the features of a traveling 
air blast wave as closely as possible 
(traveling wave), and those which sim- 
ply attempt to apply the desired load to 
the soil (plane wave). 

Of those investigated, the traveling 
wave method achieved by the distrib- 
uted high explosives approach currently 
shows the most promise. It will be used 
for the “live” Minuteman test if success- 
fully developed. 

AFWL recently shelved an approach 
using a plastic bag filled with detonable 
gases as being too dangerous to handle. 
The lab had conducted a number of 
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tests in its gas bag facility, consisting 
of a 4-ft.-high reinforced concrete 
structure with a rectangular plane area 
20 x 40 ft. 

The same facility now is being used 
for work on the new concept, which 
uses primacord woven back and forth 
over a framework built about 3 ft. 
off the earth bottom of the rectangular 
pit. The primacord, with a detonation 
rate of about 21,000 fps., is strung 
across the framework at an angle so that 
the actual detonating front perpendicu- 
lar to the base of the test surface moves 
at about 5,000 fps. 

The first shot produced a 500-psi 
wave with only air under the primacord 
network as an attenuating material. 
Overpressures of more than 1,000 psi 
can be obtained. Or, with addition of 
an attenuating material, the overpressure 
could be brought down to 300 psi. This 
compares with the overpressure level 
and shockwave velocity experienced at 
about 2,000 ft. from a one-megaton 
weapon explosion. 

A surcharge of dirt is used to cover 
the explosion to confine the products 
long enough to realize the full pulse 
duration. The result of this so-called 
quasi-continuous technique is to give a 
quasi-front that appears to be traveling 
in the desired direction at the right ve- 
locity. 

Greatest advantage of the approach, 
for realistic simulation purposes, is that 
the shock wave contacts the ground at 
an oblique angle because of its travel 
through the attenuation medium, de- 


pending on the medium. Another ad- 
vantage is its cost—$150,000 to $200,- 
000 to conduct an experiment on an 
area 200 x 400 ft. 

In tests at actual sites, an explosion 
area of 400 x 400 ft. has been consid- 
ered. A factor yet to be determined in 
the simulation research is just how large 
a ground area is being loaded with a 
given size simulation structure. 

Blast wave features of concern in- 
clude overpressure, shock velocity, du- 
ration and pulse shape, shock pressure, 
and velocity decay. 

@ Three-phase development—De- 
velopment of the simulation technique is 
being undertaken in three phases. Phase 
I covers refinement of the technique. 
Phase II, scheduled to start in October, 
will demonstrate feasibility of the 
method on a medium-scale, 100 x 200 
ft., using all of the construction tech- 
niques, procedures and concepts se- 
lected for the test of an operational 
facility, and differing only in the scale 
of the experiment. A quarter-scale Min- 
uteman silo may be used in this phase 
to develop similitude relationships. 

Instrumentation will measure the 
“air blast” characteristics, mass of soil 
realistically influenced, and free-field 
ground motion. This phase is scheduled 
for completion in January. 

In Phase III, the full-scale tests on 
a selected Minuteman facility will be 
carried out. In these tests, and in follow- 
on field work at ICBM sites, the tech- 
nique must be applied to major compo- 
nents—launch control center, silo— 
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separately, since these components are 
located so far apart. The simulation 
device would be built on the ground di- 
rectly over the facility component being 
tested. 

Defense Atomic Support Agency 
provided $250,000 for the first two 
phases of the program. Phase III will 
be funded entirely by Air Force. BSD 
requested $3.3 million for the work in 
FY 1965-66. A large percentage of 
these funds is earmarked for measure- 
ments of the free-field and structural 
response for analysis of the system and 
extrapolation to other sites. 

Simulation techniques ruled out in 
the AFWL studies included the gas 
cloud approach in which high-energy 
fuel is vaporized into the atmosphere 
and detonated. 

Another simulation facility planned 
by AFWL is a 3,000-ft. tunnel that 
would be bored in a mountain near 

Kirtland. Architectural engineering con- 
’ tracts have shown feasibility of this 
giant shock tube. It would be at least 
20 ft. in diameter to accommodate 
fair-sized models of silos and other 
structures. It would produce about 
1,000 psi. 

Central portion of the tunnel, on 
which AFWIL would be prepared to 
begin work as part of the military con- 
struction program in 1967, would be 
for soil tests, with structural models 
buried in various types of soil. Another 
section of the tunnel would be used to 
test blast effects on re-entry models. 

AFWL already has a 6-ft.-dia. 246- 
ft.long horizontal tube of 100 psi 
capability, and smaller tubes, including 
a 13-in. facility that produces 1,000 psi. 

@ Completed tests “impressive”’— 
Despite concern over lack of full-scale 
in situ test data, proof testing already 
performed with existing simulation de- 
vices is highly impressive. AFWL de- 
vices include the Air Force’s biggest 
workhorse, a facility used for proof- 
testing the full-scale launch control cen- 
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ter (LCC) shock isolation system and mame Ree 


the launch equipment room 
dampers for Minuteman wings. 

In a letter of commendation, AFWL | 
was told the facility had enabled Min- 
uteman site activation and was urgently 
needed for possible changes and future 
designs. 

The huge facility, which has 380 
yards of concrete reinforced with 20,- 
000 Ibs. of steel in its base, closely simu- 
lates the direct and air-induced ground 
shock effects. The non-linear device 
has tested Minuteman systems at 153 
g, the figure provided by Strategic Air 
Command. This input could be doubled 
and acceleration transmitted to the LCC 
platform would still total only 0.6 to 
0.7 g. 

® “Workhorse” described—The de- | 
vice consists of four main actuators | 
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TACTICAL MISSILES 


Extensive activity in the development of tactical missiles offers 
a variety of opportunities to engineers and scientists. We need 
you if you are experienced in one of the following: 


OPERATIONS RESEARCH 


Plan and conduct analysis of missile systems requirements 
for naval application. Establish operational conditions, target 
characteristics and missile performance requirements. 


MISSILE AERODYNAMICS 


Conduct applied research studies of aerodynamic heating, 
aerothermochemistry and heat transfer phenomena associated 
with advanced missile configurations. 


FLIGHT MECHANICS 


Conduct advanced analysis in flight dynamics and dynamic 
behavior of closed loop systems using analog computers and 
dynamic flight simulators. Emphasis on determination of 
requirements for advanced missile systems. 


MISSILE GUIDANCE AND CONTROL 


Direct the development of advanced guidance sensors for 
tactical missile seekers. Includes analysis, evaluation and 
application of radar and information theory. 


PROPULSION 


Conduct analysis of advanced propulsion systems to deter- 
mine optimum system for tactical missiles. 


To arrange to visit our plant and discuss our programs, please 
write to: Mr. J. H. Papin, North American Aviation, Inc., 4300 
East Fifth Avenue, Box }iR-685, Columbus, Ohio 43216. 


All qualified applicants will receive consideration for 
employment without regard to race, creed, color or national origin. 


COLUMBUS DIVISION es: NORTH AMERICAN AVIATION 
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positioned around a platform simulat- 
ing the operational LCC. The platform 
is suspended from the structure by the 
shock isolation system under test. Two 
horizontal actuators are mounted on 
the side of the platform to provide in- 
put to the isolation system sway 
dampers. 

The 153-g acceleration is obtained 

in less than 0.01 sec. by application of 
°1,310-psig gas pressure to an impulse 
piston. The deceleration phase lasts 
about 0.160 sec., with an entire cycle 
Tequiring about 0.87 sec. The simulated 
LCC platform load weighs 62,360 Ibs., 
and the facility has worked with 85,000 
Ibs. 

Eventually, AFWL will test plat- 
forms with animals and then men. The 
facility’s energy input can be stepped 
up five times the level used currently, 
and it will be used to test shock isola- 
tors to destruction. 

In its advanced research, AFWL has 
studied ‘“superhard” missile offensive 

| systems that could survive considerably 
larger yield devices. 

In allied work, investigation has 
shown feasibility of a post-attack com- 
mand and control system site (PAC- 
CSS) that would be buried at a depth 
of 5,000 ft. Criteria call for such a site 
to withstand any conceivable nuclear 
attack, even repeated pounding. 

® New nuclear test site—Other Air 
Force simulation work involving mili- 
tary effects tests of many kinds at much 
higher yields than heretofore possible 
at the Nevada Test Site will be going 
forward at a new underground nuclear 
test location in Nevada. 

The new site is on Pahute Mesa in 
the northern area of the test site and 
will enable nuclear detonations up into 
megaton range. The old site has been 
limited to around 300 kiloton devices 
to avoid disturbing Las Vegas. 

At Pahute Mesa, which is 7,500 ft. 
high, Atomic Energy Commission is 
drilling holes 4,500 ft. deep and up to 
100-in. diameter. Off the main shaft 
numerous tunnels are drilled at different 
heights and directions, resulting in a 
“Christmas tree’ configuration. Military 
systems can be subjected to various ef- 
fects tests in the side tunnels, with the 
main shaft used many times. 

Air Force also has been making ex- 
tensive use of theoretical programs in 
its nuclear simulation work. In a state- 
| ment concerning its mission, AFWL re- 

ports: 

“Our experience during the last 
| moratorium bears out the importance 
| of conducting strong theoretical and 

simulation programs during periods 
when testing is not permitted. Such 
programs not only advance our know!l- 
edge, but they also permit the develop- 


ment of well-planned . . . test programs 
that can be implemented on_ short 
notice.” is | 
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MINIATURE S-band telemetry transmitter delivers five watts at nominal operating point. 


Miniature S-Band Units Delivered 


Conic’s five-watt telemetry transmitter being turned out 
on production-line basis in anticipation of 1967 switch 


San DiEGo, CALIF.—Miniature five- 
watt S-band telemetry transmitters 


| weighing about 3 lbs. are being manu- 


factured on a production-line basis by 
Conic Corp. 

Units have been delivered to Lock- 
heed Missiles & Space Co. 

With missile and space telemetry 
slated to move to S-band in 1967, launch 
vehicle and spacecraft manufacturers 
are already starting to specify S-band 
telemetry on bids. All of a sudden, 1967 
does not seem so far away, and there 
is a lot of fresh interest in S-band 
equipment. 

The Conic transmitter, type UHF- 
2, measures 55% in. x 45% in. x 1% 
in. It is, in fact, half as big as was 
stated in tentative specifications issued 
about nine montbs ago. The unit was 
developed by coupling a previously 
available VHF transmitter with a varac- 
tor multiplier and a newly developed 
modulator. 

All three modules are built on 
printed circuit boards. 

@ Performance—Hermetically sealed, 


by Rex Pay 


the transmitter operates over a —30° 
to 80°C temperature range and down 
to orbital pressures. Shocks of 100 g 
for 11 milli-seconds can be accepted. 
Vibration of 20 g peak, 20-20,000 cps, 
in any axis, generates FM noise at a 
maximum of 40 db below maximum car- 
rier deviation. 

The five-watt output is delivered at 
25°C with a 28-volt power supply. If 
the supply voltage drops to 22.5 volts, 
the output reduces to 3.8 watts. The 
transmitter is designed to operate into 
a 50-ohm load, but is not damaged by 
short- or open-circuit conditions at its 
antenna terminal. 

From a crystal oscillator output at 
about 28 mc, doublers and quadruplers 
give a carrier at 380 mc. A power ampli- 
fier with redundant transistors then 
boosts the signal level to 15 watts. Each 
transistor in the PA runs at about 40% 
of its rated dissipation. If one transistor 
fails, the transmitter will continue to 
operate at reduced power. 

The 15-watt, 380-mc signal then 
passes to a tripler varactor, a doubler 
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varactor, and finally to a 2.2. ge res- 
onator. All these units fit into a volume 
of less than 3.25 cu. in. 

@ Development problem—In devel- 
oping the unit. Conic experienced trouble 
with varactor diodes that dropped in ef- 
ficiency as they aged. Main problem 
seems to have been optimistic power rat- 
ings by the diode manufacturers. Avail- 
ability of improved varactor diodes 
would mean higher power outputs from 
the present transmitter. 

The modulator portion of the trans- 
mitter has a response extending from dc 
to 1.5 mec. It is a constant-bandwidtb 
system, the carrier deviation being fixed 
at 1.5 mc. FM/FM telemetry and nar- 
row-band television can be handled. 
With modification, broadband television 
could be transmitted. 

Power requirements for the trans- 
mitter are specified as 28 = 4 volts dc 
at 1.5 amps. A de/de converter is not 
used, but a current regulator clamps 
the power supply current at 1.5 amps 
as the supply voltage goes above nom- 
inal. a 
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Doubtful this session . . . 


ComSat Board Awaits Senate Nod 


Commerce Committee promises early consideration of President 
Johnson’s nominees; 12 directors elected despite protests 


THE SENATE Commerce Commit- 
tee has promised quick action on Presi- 
dent Johnson’s three nominations to the 
Communications Satellite Corp. board 
of directors. 

Although the committee said it 
would act “as expeditiously as possible,” 
there was no definite assurance that ap- 
proval would come before the end of 
this Congressional session. 

Johnson’s nominations—sent to the 
committee Sept. 23—are Frederick 
Donner, board chairman of General 
Motors Corp., George Meany, president 
of the AFL-CIO, and Clark Kerr, pres- 
ident of the University of California. 
Donner’s term expires at ComSat’s an- 
nual meeting in 1965. Meany will serve 
until 1966 and Kerr until 1967. 

If the session ends before action is 
taken, the President can name the di- 
rectors to recess appointments, effective 
until the new Congress convenes next 
year. They must then be renominated 
and approved by the Senate. 

Johnson’s announcement completed 
the 15-man board, which held its first 
meeting in Washington last week. Twelve 
other directors were elected at a lively 
and sometimes unruly shareholders’ 
meeting Sept. 17. 

Directors elected by the public (Se- 
ries I) stockholders and certified after 
a requested recount of proxy votes are: 
Joseph V. Charyk, president of the cor- 
poration; Leo D. Welch, chairman and 
chief executive officer of ComSat; David 
M. Kennedy, chairman of Continental 
Illinois National Bank & Trust Co., Chi- 
cago; George Killion, president of 
American President Lines; Leonard H. 
Marks, attorney, Washington, D.C.; and 
Bruce G. Sundlun, attorney of Wash- 
ington and Providence, R.I. 

The six directors were members of 
the original incorporating board ap- 
pointed by President Kennedy in 1962. 

Series II directors elected by the 
common carriers include three repre- 
sentatives of American Telephone & 
Telegraph Co., owner of 29% of the 
Series II stock; two representatives of 
International Telephone & Telegraph 
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by Suzanne Montgomery 


Corp., with 10.5% of the stock, and 
one nominee of the Hawaiian Telephone 
Co. 

They are Harold M. Botkin, James 
E. Dingman and Horace P. Moulton of 
AT&T; Eugene R. Black and Ted B. 
Westfall of ITT, and Douglas S. Guild 
of Hawaiian Telephone. 

Haskins & Sells of Washington, D.C., 
were elected auditors for the corpora- 
tion. 

@ Bucking the board—Proceedings 
of ComSat’s first shareholders’ meeting 
were at times disrupted by claims that 
the management was self-perpetuating 
because its six nominees were members 
of the original board. There were re- 
peated pleas for greater representation 
of the “small” shareholder. 

Fred Fisher, the only stockholder to 
issue proxy statements in his own be- 
half, was defeated in his attempt to 
gain a place on the board. He called for 
a recount of the proxy votes, which cer- 
tified the election of the management 
slate. Fisher, who is from Philadelphia, 
said he held 100 shares of Series I com- 
mon stock, 

George H. Poirier, a stockholder 
from Woonsocket, R.I., who had pre- 
viously filed suit in the U.S. District 
Court to block the meeting, announced 
that he would continue efforts to depose 
the new board, “both in and out of 
court.” 

Poirier had indicated that the in- 
terim board stacked the election in its 
favor and thwarted his attempt to solicit 
proxies toward his own election. 

@ Welch outlines role—In his first 
address to shareholders, Chairman 
Welch foresaw an important role for 
ComSat Corp. in a new era he termed 
the “information explosion.” 

The amount of communications over 
the North Atlantic, for instance, is 
growing at a rate of 20% per year, 
Welch said. History has shown that each 
time an improvement in service has been 
made, a rise in the volume of traffic has 
followed. The estimated increase in 
communications is great enough to uti- 
lize all the services offered by a satel- 


lite communications system as well as 
the cable and radio means of today, he 
said. 

Corporation expenditures for 1964 
are expected to be about $12 million, 
Welch told shareholders. In 1965, this 
will rise to around $70 million; in 1966, 
it will increase to about $100 million. 
Expenditures for 1967 will level off 
somewhere between $20 and $30 mil- 
lion, he predicted. 

@ New signatories—On the interna- 
tional level, three more nations have 
signed the agreements on the global 
commercial communications satellite 
system since they were opened Aug. 20. 
They are Norway, Switzerland and Ger- 
many, which brings the total to 13 coun- 
tries and the Vatican City. 

The agreements—which deal with 
organization principles for the joint ven- 
ture and the commercial and operating 
aspects of the system—are open for 
signature to any member nation of the 
International Telecommunication Union. 

The international interim committce, 
which sets policy for the system, will 
meet in Washington Sept. 29. 

Chances for Soviet cooperation in 
the venture were further weakened by 
a bitter denunciation of the U.S.-pro- 
posed worldwide communications sys- 
tem by a representative to the Interna- 
tional Astronautical Federation in War- 
Saw. 

Ivan Cheprov, a Soviet attorney, 
told delegates that the international 
agreements being signed contained doc- 
trines in direct contradiction to the 
United Nations declaration of principles 
governing activities of nations in outer 
space. 

Expressing his personal views and 
not necessarily the official Soviet posi- 
tion, Cheprov asserted that since the 
U.S. has 61% of the quota of votes, 
“the country is therefore essentially the 
sole manager. 

“Noting the strong position of Amer- 
ican Telcphone & Telegraph in the Com- 
Sat Corp., the organization is simply a 
private company with participation of 
foreign capital,” said Cheprov. a 
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No matter how you figure it: 


With your heart . . . Consider that the objective of 
your United Fund or Community Chest is not just to 
raise money—but also to raise human hopes. That the 
objective is not simply to get a red line to the top of 
a cardboard thermometer, but to get people back on 
their feet. That the objective is really not to meet 
quotas, but to meet your responsibilities as a member 
of the community. It’s this simple: the children you 
give health and hope to today could be the ones who 
will give vitality to your town and your firm—tomorrow. 
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With your head... The United Way's once-a-year 
appeal supports the health, welfare and recreation 
services that make your community a better place to 
live, work and raise a family. It operates on business 
principles. Through regular audits of budgets and 
services by local citizens, current community needs 
are fulfilled; through planning, future needs are pro- 
grammed. Help your company’s standing in the com- 
munity by your own leadership, a generous corporate 
gift and an employees’ payroll payment plan. 


Your company should give full support to 
this year’s United Way Campaign! 


Space contributed as a public service by this magazine. 


Stimulating climate 
... for career growth, 


for family living. 


Scenic San Juan Islands cruise waters are only a one-day sail from Seattle 


Staff Engineering Openings at Boeing 


Boeing, the world leader in advanced swept- 
wing, multi-jet aircraft, is today pioneering 
evolutionary advances in both civilian and 
military aircraft fields. These programs have 
created outstanding openings for staff engi- 
neers in the following fields. A limited number 
of project design positions are also available. 

Structural Dynamics Duties involve analysis 
and experiments in aeroelastic fields of flutter 
and dynamic loads. Requirements are a B.S. or 
advanced degree in applied mechanics with 
significant aerodynamic and structures back- 
ground related to high-speed aircraft. Should 
be familiar with latest theories and tech- 
niques for analysis and test. 

Stability and Control Requires strong back- 
ground in airplane flight control system de- 
sign and analysis, and stability and control 
characteristics, plus knowledge of computers, 
servo-mechanism design and development 
and testing of airplane configurations. Mas- 
ter's degree or equivalent. 

Flight Control Systems Assignments involve 
establishing dynamic design criteria and 


specifications for flight control systems, sub- 
systems and components; selection of most 
suitable control system components, and 
guidance of control system procurement and 
flight test. Requires B.S. or M.S. in engineer- 
ing, mathematics or physics with applicable 
experience. 


Metallurgy and Mechanical Engineering 
Assignments entail alloy selection and appli- 
cation; development and improvement of 
processes; preparation of specifications; lab- 
oratory experiments; technical consultation, 
and service failure analysis. Requirements, in 
addition to experience in aircraft technology 
or a related field, include familiarity with the 
electron microprobe and microscope and 
standard meta!lurgical equipment. 


Chemical Engineering Openings require ex- 
perience in lubrication materials and concepts; 
elastomeric, inorganic finish, and organic 
polymeric materials, and structural adhesive 
bonding, plus a basic knowledge of materials 
behavior. Work involves evaluation, analysis 
and investigation of all materials charac- 


teristics, including mechanica!, electrical, 
chemical and surface. : 

Propulsion Responsibilities include research 
and development, primarily V/STOL oriented, 
in the fields of subsonic and supersonic inleis, 
thrusting ejectors and engine fan thrust vec- 
toring; engine cycle analysis, engine/ airplane 
optimization studies for subsonic and super- 
sonic propulsion systems, and VTOL propulsion 
technology. 


Salaries are competitively commensurate 
with your education and experience back- 
ground. Travel and moving allowances are 
paid to newly hired personnel. Boeing is an 
equal opportunity employer. 


Boeing’s Airplane Division is located near 
Seattle in the uncongested Pacific Northwest, 
noted for year-round mild climate, famous 
recreational facilities, excellent schools and 
housing, and healthful outdoor Western living 
for the whole family. 


Send your resume today to Mr. Thomas Sheppard. 
Airplane Division, The Boeing Company. 
P.O. Box 707-A8Z, Renton, Washington 98055. 


AIRPLANE DIVISION MOMDME MLS Le 


Other Divisions: Aero-Space « Vertol « Turbine « 


Also, Boeing Scientific Research Laboratories 


‘The Industry Week: 


Mergers and Acquisitions 


The boards of directors of The Marquardt 
Corp., Van Nuys, Calif., and Automation Labora- 
tories, Inc., of Mineola, N.Y., have approved the 
acquisition of AL by Marquardt. The transaction, 
which remains subject to AL shareholders ap- 
proval, would establish that firm as a Marquardt 
subsidiary. AL’s principal activities are in related 
areas of television pickup and display equipment, 
visual scanning devices, precision angle measur- 
ing equipment, and radar simulation equipment. 
... Technical Measurement Corp., North Haven, 
Conn., has acquired Vanguard Instruments Corp., 
La Grange, Ill., producers of chemical analytical 
equipment using radiochemical and ultraviolet 
absorption techniques. TM manufactures digital 
computors and instrumentation systems for the 
nuclear, biomedical, and telemetry data processing 
fields. . . . Electronic Metals and Alloys, Inc., 
Attleboro, Mass., has acquired certain personnel 
and equipment from the Industrial Div. of the 
R. F. Simmons Co., also of Attleboro. EM&A will 
absorb the acquisitions in its Sweet Industrial 
Div. to improve its services in selling and servic- 
ing its custom and clad metals components in the 
aerospace, electrical, electronics and automotive 
industries. .. . Dynaelectron Corp., Washington, 
D.C., has acquired the electronic countermeasures 
product line of TAMAR Electronics, Inc. Acquisi- 
tion covers all developments, designs, patents, in- 
ventory, special tools, microwave test equipment, 
antenna range and environmental facilities asso- 
ciated with the line. Research, development and 
production of the countermeasures line will be re- 
located to the Pacific Div. of Dynaelectron at Gar- 
dena, Calif.... Dressen-Barnes Electronics Corp.. 
Pasadena, Calif., has acquired the assets of 
Omega Instrument Corp. of Altadena, Calif. 
Omega specializes in the manufacture of elec- 
tronic pressure measuring equipment; D-B makes 
regulated direct-current power supplies. Omega 
is to be operated as a division of D-B. 


New Activities 


Spectra Strip Wire and Cable Corp., Garden 
Grove, Calif., has expanded into the fields of re- 
search, electronics and oceanography products 
with the introduction of its REO Div. The REO 
Div. is to encompass systems, components, assem- 
blies, instrumentation, development, research, 
data acquisition and product lines. ... Bell & 
Howell Co. has formed a new subsidiary, the Bell 
& Howell Instrument Co., in San Juan, Puerto 
Rico. The Instrument Co. will manufacture preci- 
sion components used in scientific and recording 
equipment produced by B&H’s Electronic Instru- 
mentation Group. Output of the new operation 
will be marketed in the U.S. and Canada by Cali- 
fornia-based subsidiary, Consolidated Electro- 
dynamics Corp. ... Shareholders in the Perini 
Electronic Corp., Andover, Mass., and San Ma- 
teo, Calif., will be asked to ratify a change of 
the company name to DASA Corp. on Sept. 29. 
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Perini is the manufacturer of MAGICALL, an 
automatic telephone dialer and other data com- 
munications equipment. The proposed re-naming 
is in the interest of avoiding confusion with the 
Perini Corp. of Framington, Mass., a construc- 
tion company with no operational relationship to 
Perini Electronic Corp. 


Missile/Space Facilities 


Associated Testing Laboratories, Inc., Wayne, 
N.J., has completed installation of a Veeco Model 
MS-9 Helium Leak Detection Mass Spectrometer. 
The installation enables Associated to offer com- 
plete reliability and environmental testing serv- 
ice... . Zero Manufacturing Co. has begun con- 
struction of a new 23,000-sq.-ft. office building in 
Burbank, Calif. Zero manufactures aluminum 
containers for the electronics and aerospace in- 
dustries and other special products, including 
sub-miniature electronic parts, precision screws, 
racks and consoles. ... Optics Technology, Inc., 
a Belmont, Calif., optics research and develop- 
ment firm and manufacturer of electro-optical 
scientific and medical instruments, has announced 
plans to move early next year to Stanford Indus- 
trial Park, Calif. The building OTI will occupy 
affords 32,681 sq. ft. of space to house the R&D, 
engineering, manufacturing and administrative 
activities of the company. .. . Industrial Elec- 
tronic Engineers, Inc., manufacturer of rear- 
projection readout devices for visual data dis- 
play, has moved into a new 34,000-sq.-ft. plant 
facility in Van Nuys, Calif. The plant will bring 
all IEE component manufacturing operations to- 
gether under one roof. 


International 


Hughes Aircraft Co. and the AB Bofors Co. 
of Sweden have formed the joint-venture firm, 
Bofors Elektroniskaaktiebolag, in Bofors, Swe- 
den. The company will perform work in the fields 
of medical and chemical research, advanced re- 
search on infrared, as well as work in fire con- 
trol, guidance and robot systems. The new firm 
will be owned and the board chosen on a 50-50 
basis by Hughes and Bofors... . France is ac- 
tively considering the construction of a space 
launching base in French Guiana. From such a 
base the French could place satellites into polar 
as well as equatorial orbit... . General Dynamics 
Corp. and Compagnie Générale de Télégraphic 
Sans Fils have announced the formation of a 
jointly owned company near Paris. The new firm, 
Societe d’Equipements Spatiaux et Astronau- 
tiques, will design and manufacture satellite 
tracking equipment. ... Mechatrol, a division of 
Servomechanisms, Inc., Westbury, N.Y., has con- 
cluded an agreement with Rotax, Ltd., Birming- 
ham England, to market that firm's line of mecha- 
trim precision metal film trinumer potentiometers 
in Continental Europe, the United Kingdom and 
the British Commonwealth, exeluding Canada 
and the British West Indies. 


—tontracts 


AIR FORCE 


$18,248,754—Thompson Ramo Wooldridge, San 
Bernardino, Calif., for two contracts for con- 
tinued development, production and installa- 
tion of Titan and Minuteman missiles at Nor- 
ton AFB. 

$15,551,509—General Dynamics Corp., San Diego, 
Calif., for continued work on Apollo boosters. 

$11,687,200—Mltre Corp., Bedford, Mass., for 
continued engineering work on various un- 
specified electronic systems. 

$5,924,752—Aerospace Corp., El Segundo, Calif., 
for continued engineering work on unspecified 
ballistic missile and space programs. 

$4,500,000—Collins Radlo Co., Dallas, for 61 
hardened high-frequency antenna systems for 
Minuteman sites. 

$3,509,288—Lockheed Misslles & Space Co., 
Sunnyvale, Calif., for R&D and production 
of unspecified space vehicles. 

$2,433,000—Aerojet-General Corp., Sacramento, 
Calif., for continued R&D on Titan IIT booster. 

$1,500,000—General Dynamics Corp., San Diego, 
Calif., for continued work on boosters. 

$1,500,000—Boeing Co., Seattle, for work on 
Minuteman missile systems at Wandenberg 
AFB, Calif. 

$1,100,000—General Dynamics Corp., San Diego, 
Calif., for design work om a space launch 
vehicle. 

$1,100,000—General Telephone & Eectronics 
Corp., Sylvania Electric Products Inc., Moun- 
tain View, Calif., for further development of 
electronic security systems to help guard Min- 
uteman missile sites. 

$1,024,723—Alr Products & Chemicals, Ine., 
Allentown, Pa., for LOX and liquid nitrogen. 

$1,000,000—General Motors Corp., Milwaukee, 
Wis., for work on the Titan II inertial guid- 
ance system. 

$985,932—General Motors Corp., AC Spark Plug 
Div., Milwaukee, Wis., for repair of accelerom- 
eter and 104 gyros applicable to the CGM-1I38 
missile weapon system. 


$249,023—Plckard and Burns, Inc., Waltham, 
Mass., for guidance and sensing tecbniques for 
advanced vebicles. 

$218,465—Philco Corp., Aeronutronic Div., New- 
port Beacb, Calif., for re-entry ECM inves- 
tigation. 

$130,900—Trustees of Columhia Unlverslty, New 
York City, for hydromagnetic plasma researcb. 

$90,000—General Telephone & Electronics Corp., 
Sylvania Electric Products Inc., Mounain View, 


Calif., for researcb on new laser communica- © 


tion tecbniques. 

$86,470—Hazeitine Corp., Little Neck, N.Y., for 
research on reliability and microelectronic tech- 
niques for anti-jam synchronous circuits. 

$65,000—General Dynamlcs/Electronlcs, Rocbes- 
ter, N.Y., for continuation of work in thin- 
film measurement techniques. 

$62,563—Johns Hopkins University, Baltimore, for 
high-resolution studies in tbe far infrared. 

$60,671—Boelng Co., Aero-Space Div., Seattle, 
for a strategic penetration study. 

$60,000—Aveo Corp., Research and Advanced 
Development Div., Wilmington, Mass., for 
research program toward characterization of 
new ablative plastics and composites in ad- 
vanced re-entry environments. 

$49,646—LIng-Temco-Vought, Inc., LTV Astro- 
nautics Div., Dallas, for research on guidance 
control and associated dynamics. 

$46,910—Construction Equipment Co., Inc., Mc- 
Pherson, Kan., to maintain missile project 
Tiger Cat. 

$46,000—Genera! Dynamics Corp., Astronautics 
Div., San Diego, Calif., for scale model of 
a tecbnique for measurement of propellant 
quantity. 

$43,631—Sylvania Electronic Products Inc., Wil- 


liamsville, N.Y., for an advanced retrodi- 
rective antenna system. 
ARMY 
$11,587,000—Morrison-Knudsen Co., Inc., Paui 


Hardeman, Inc., and Perini Corp. of South 
Gate, Calif., a joint contract to erect a 400- 
ft.-high arming tower at NASA’s Moon port 


JET DELTA 


= The only Jets between California 
and Atlanta-Orlando/Cape Kennedy 
= 15 Jet flights every day between 
Dallas and California 


= No lower Southern Airways-to-Jet 
tourist fares between Huntsville and 
California than on Delta! 

= Deluxe and tourist on every flight 


You'll remember “how pleasant” long after youve forgotten“‘how fast.” 


Call Delta or see your Travel Agent 


-_OELTA 


F the air line with the BIG JETS 
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now under construction at Kennedy Space 
Center, Fla. 

$3,000,000—Phllco Corp., Aeronutronic Div., New- 
port Beach, Calif., increment to a previously 
awarded cost-plus-fixed-fee contract for con- 


tinued research and development of the 
Shillelagh. 
$777,555—Action Manufacturing Co., Philadel- 


phia, for rocket fuzes. 

$362,861—Bendlx Fleld Englneering Corp., Ow- 
ings Mills, Md., for 90-day extension of exist- 
ing contract for logistical support services at 
the Green River Test Complex, Utah. 

$100,750—Aero Geo Astro Corp., Alexandria, Va., 
for C-band radar transponder. 

$77,208—Space Data Corp., Phoenix, Ariz., for 
telemetry packages to be used in conjunction 
with feasibility and design configuration study 
on families of rocket vehicles. 

$41,106—Western Electric Co., New York City, 
for Nike concurrent repair parts. 

$26,221—Western Electric Co., New York City, 
for procurement of Nike concurrent repair 
parts. 


NAVY 


$30,000,000—Hughes Aircraft Co., Culver City, 
Calif., for continued work on Phoenix air-to- 
air missiles. 

$1,684,443—Honeywell, Inc., Aeronautical Div., 
St. Petersburg, Fla., for 100 additional MK 
Il] Mod 0 pulse integrating gyro accelerom- 
eters for Polaris. 

$716,000—Genera! Electric Co., Pittsfield, Mass., 
for Polaris portable guidance test equipment. 

$249,000—Bendix Corp., Systems Div., Ann 
Arbor, Mich., for an operations analysis and 
feasibility study of a proposed new weapon 
system program. 

$101,820—Standford Research Institute, Menlo 
Park, Calif., for R&D to determine the visco- 
elastic properties of solid propellants and pro- 
pellant binders. 

$99,231—Sperry Microwave Electronics Co., 
Clearwater, Fla., for necessary services, labor 
and material and equipment to design, fabri- 
cate and test X-band antenna and radome. 

$49,654—Space General Corp., El Monte, Calif., 
for an attitude control system. 

$43,460—Federai Scientific Corp., New York City, 
for instrumentation and consultant services 
for FBM flight test program. 

$40,014—Bermite Powder Co., Saugus, Calif., for 
destructor charge for a missile. 


NASA 


$11,000,000—Hayes Internationa! Corp., Birming- 
ham, Ala., for 29 service arms to be used on 
launch towers in the Apollo program. 

$1,000,000—Beckman Instruments, Inc., Rich- 
mond, Calif., and Scientific Data Systems, Inc., 
Santa Monica, Calif., joint contract for an 
analog-digital computer system to stimulate 
the actual conditions of space flight. 

$800,000—Consolidated Electrodynamics Corp., 
Pasadena, Calif., for 1.5-mc magnetic tape re- 
corders. 

$110,900—Monitor Systems, Inc., Ft. Washington, 
Pa., for PCM data handling systems. 

$77,460—Atlantic Research Corp., Duarte, Calif., 
for Nike-Apache hardware. 


INDUSTRY 


$750,000—Falrchild Camera and Instrunient Corp., 
Precision Metal Products Div., El Cajon. 
Calif., from North American Aviatlon, Space 
and Information Systems Div., Downey, Calif., 
to design, test and manufacture LOX and 
liquid hydrogen flexible metal ducting for the 
S-HI stage of NASA’s Saturn V Apollo booster. 

$650,000—Swedlow Inc., Los Angeles, from North 
American Aviation, Inc., Rocketdyne Div., 
McGregor, Tex., for motor case insulative 
liners for the Navy’s Sparrow HU] air-to-air 
and Shrike air-to-ground guided missiles. 

$500,000—Straza Industries, El Cajon, Calif., 
from North American Aviation, Space and 
Information Systems Div., Downey, Calif., 
to test, develop and produce gaseous hydrogen 
mainfold assemblies for the Saturn II. 
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New Product of the Week: 


Solid-State Scope 


A new plug-in module that allows 
a standard line of high-frequency direct- 
reading oscilloscopes to handle signals 
of 100 mc with a nominal pulse rise- 
time of 3.5 nanosecs has been devel- 
oped by the DuMont Laboratories of 
Fairchild Camera and Instrument Corp. 

The module, according to Fairchild, 
becomes the first solid-state device of 
its kind to provide a 100-me bandwidth 
and also the first to provide more band- 
width than comparable vacuum tube sys- 
tems. The bandwidth capabilities rep- 
resent an increase of 100% over the 
50-mce solid-state plug-in offered by the 
firm last year. The new system uses 
solid-state components and CRT dis- 
play units manufactured within Fair- 
child, thought the components are stand- 
ard for ease of replacement. 

Use of solid-state design has cut the 
weight of the entire oscilloscope as- 
sembly with the 100-mc plug-in to about 
35 lbs. Fairchild believes that the 
system’s portability is a major market- 
ing advantage. The firm estimates that 
the market for oscilloscopes in the U.S. 


Resistor Stop/Test Instrument 


A resistor stop and test instrument 
that can be used to monitor and control 
the adjusting process for any metal 
film, carbon film or deposited resistor 
and tests the value of the finished re- 
sistor in the same sequence has been an- 
nounced by Teradyne, Inc. 

The Model R145 is completely dial 
programmable and has plug-in modules 
for tolerance selection. Test range is 
from 10 ohms to 11.999 megohms at 
full accuracy, with four-digit resolution 
obtained through four programming 
dials and a multiplier. Test tolerances of 
0 to 10% can be programmed on a 
plug-in module and accuracies of 0.1% 
are available. 

Circle No. 152 on Subscriber Service Card 


Antenna Switching Matrix 


Delta Electronics, Inc., is marketing 
a high-power antenna switching matrix 
utilizing a strip line technique for high 
performance characteristics in a com- 
pact configuration. 

The Model SLS-1 is a 10 x 11 flexi- 
ble switching matrix. Ten transmitters 
can be connected to any of 11 loads. 
The plunger type switching mechanism 
removes all residual stubs from active 
circuits. Power rating is 50 kw average 
from de to 30 mes. Characteristic im- 


Plug-In 


alone is about $100 million annually. 
The new plug-in, which features 
dual-trace performance with 10mv/cm 
sensitivity, fits all three main-frame con- 
figurations of the Fairchild 765 and 
765H series oscilloscopes. 
Circle No. 1$1 on Subscriber Service Cord 


pedance is 50 ohms with a VSWR of 
1.15 or less and cross channel isolation 
exceeding 65 db. 
The unit measures 65 x 60 x 20 in. 
and weighs approximately 350 Ibs. 
Cirele No. 153 on Subscriber Service Cord 


Beryllium Copper Strip 


American Silver Co., a division of 
Sherman Industries, Inc., has available 
ASCO-TIND, solder-coated beryllium 
copper strip material. The product may 
be solder-joined without the use of addi- 
tional solder or corrosive fluxes. 

The material may be ordered in all 
tempers of the base metal with a metal- 
lurgically bonded layer of pure tin or 
any of a broad range of solder alloys. 
The tin or solder layer may be specified 
in any thickness from 0.0002 to 0.003 
in. on beryllium copper strip from 0.001 
to 0.025 in. thick in widths between 
0.25 and 3 in. Thickness tolerance can 
be as close as +0.0002 in., the firm said. 

Circle No. 154 on Subscriber Service Cord 


Information Filing System 


A system for recording visual infor- 
mation with almost instantaneous play- 
back accessibility has been developed by 
Machtronics, Inc. 

The system utilizes a metal disc ap- 
proximately 12 in. in diameter. Each 
disc has a storage capacity of 1,200 
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pictures, said to provide a virtually in- 
destructible and permanent storage of 
information, which may be played back 
at will any number of times, with an 
accessibility rate of 500 pictures per 
second. Any picture can be erased and 
replaced with another at any time. 

The system can be expanded to have 
a capacity in the order of 100 discs, pro- 
viding a total storage of 120,000 pic- 
tures. The reproduced picture has a reso- 
lution of over 300 lines and a signal- 
to-noise ration of 40 db. It accepts any 
regular video signal and records one 
complete video frame (two interlaced 
fields) at a time. Maximum recording 
rate on the metal discs is 30 pictures 
per second. 


Circle No. 155 on Subscriber Service Card 


Environmental Chamber 


A trailer-mounted environmental 
chamber for transporting rockets, explo- 
sives, inflammables and other items re- 
quiring delicate handling is available 
from Webber Manufacturing Co., Inc. 

The Model WF-336-100/200X main- 
tains any temperature from —100° to 
200°F within +2°F. Operating equip- 
ment and controls are enclosed for use 
in all weather conditions between —20° 
and 110°F. Temperatures are controlled 
and recorded by a thermocouple-type 
unit. Interior components, including 
light, heating elements and fan motors, 
are explosion-proof. Grooved trays on 
removable sliding racks permit conven- 
ient removal of the test load. Inside 
dimensions are 6 x 8 x 7 ft. Other sizes 
and temperature ranges are available. 

Circle No. 156 on Subscriber Service Cord 


Hydrophone 


The LC-34 hydrophone, felt to have 
possible applications in the field of 
anti-submarine warfare, is being mar- 
keted by Atlantic Research Corp.’s Elec- 
tro-Mechanics Div. 

The device features a sensitivity to 
—90 db (sensitivity db reference: lv/ 
microbar). Frequency response in water 
is 1 to 85,000 cps +3 db. The unit is 
said to be static-pressure resistant up 
to 500 psi. Rated capacitance is 1,300 
picofarads. Nominal charge sensitivity is 
2,800 pe/psi and nominal voltage sensi- 
tivity with 5 ft. of low-noise cable is 
2.2v/psi. 

A broadband preamplifier adjacent 
to and in line with the hydrophone com- 
pensates for decrease in sensitivity due 
to extensive connecting cable. 

The device has double-molded con- 
struction for maximum waterproof in- 
tegrity. Dimensions are 4.28 in. long 
and 0.75 in. in diameter. 

Circle No. 157 on Subscriber Service Card 
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Infrared Thermometer 


Huggins Laboratories, Inc., has de- 
veloped the Infrascope Mark II Radia- 
tion Thermometer that works without 
contact. 

The hand-held instrument can be 
“aimed” at distant objects and picks up 
the radiant energy. This is instantly con- 
verted to temperature and indicated on 
a meter. The unit uses a lead sulfide 
photoconductive infrared detector and 
contains a built-in calibration source 
and battery check for maximum relia- 
bility and accuracy. 

It weighs 2.5 lbs. and is available 
with ranges from —120° to 7,200°F. 
Indication may be in Fahrenheit or 
Centigrade. 

Circle No. 158 on Subscriber Service Card 


Frequency Synthesizer 


Collins Radio Co.’s Dallas Div. is 
producing a compact universal fre- 
quency synthesizer for use in portable 
field communication sets. 

The unit has a size reduction of ap- 
proximately 100 to 1 compared to a 
conventional synthesizer, the firm says. 
It operates to 40 mc with a power con- 
sumption of four milliwatts. Operating 
in the HF frequency range, the unit 
consists of 410 semiconductor compo- 
nents and uses 33 thin-film circuits. It 


provides 1,000-cycle channel spacing 
and has a stability of one part in 10°. 
According to Collins, tests of the 
device have shown approximately 325,- 
000 element hours without an element 
failure. 
Circle No. 159 on Subscriber Service Card 


Servo Tester 
Industrial Control Co. is marketing 


the 100-C servo test that generates wave- ~ 


shapes necessary to measure both the 


frequency and transient response of 
servo loops and their components. 

All circuitry is transistorized and 
operation is directly from the 117-v, 60- 
or 400-cps line. All inputs and outputs 
go to individual terminals. Data fre- 
quency range is 0.02 to 60 cps. The 
three carrier frequencies used are 60, 
400 and 2,500 cps. The unit is available 
for bench or rack installation. 

Circle No. 160 on Subscriber Service Card 


For many years we have specialized in 
the design and manufacture of 
gimbaled systems for: 

" photographic & IR sensors ® radar 
antennas ® mirrors ® gravimeters = star 
trackers # lasers = TV cameras 

™ telescopes. 

We are now in a position to offer off 

the shelf hardware and designs that will 
require a minimum of modification 

to accept your sensor. By 
manufacturing our own family 
of components, which include 
gyros, torquers, vibration 
isolators and data transmission 
devices, we are able to 
achieve: 

"residual motions of the stabilized 
load reduced to 0.1% of the input 
® verticality under flight conditions 
held to +2 min.of arc # a dynamic 
tracking accuracy better than 1 
min.of arc § gimbal orthogonality 
of 5 sec of arc. 


A) 


For additional information on how 


we can meet your gimbal system 


AEROFLEX LABORATORIES INCOGRPORATEG 
BOUTH BEAVICE ROAD © PLAINVIEW * LONG IBLANG - NEW YORK 11803 
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requirements, write to Dept. RB-119 


Now Off the Shelf 


STABILIZATION PLATFORMS 
& TRACKING SYSTEMS 


Specifications For 
& Typical Airborne Unit 
Orthogonality of axis— 
1 min. of arc. 

In flight dynamic accuracy — 
Azimuth + .075° 
Elevation = .075° 

Accommodates a 514 foot dish. 


Asaneupl 
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Telemetry Checkout System — 


Standard Precision, Inc., is market- 
ing the Telecheck, a portable and auto- 
matic telemetry check out system capa- 
ble of testing the 18 IRIG channel 
VCOs of a frequency modulated telem- 
etry system in 2 minutes. 

By applying a calibrated de voltage 
to the VCO input, the device automati- 

. cally checks the VCO output frequency 
to determine if it is within a selected 
boundary frequency. The system em- 
ploys 5 uniform steps in testing each of 
the 18 number and 5 letter IRIG chan- 
nels. Out-of-tolerance deviations stop 
the cycle. The boundary limits may be 
selected to accept a 1% or 2% error 
in output frequency. The system also 
contains a crystal oscillator for self- 
calibration. 

Circle No, 161 on Subscriber Service Card 


DC Voltage Standard 


A dec voltage standard with 0.003% 
precision and 15-ppm stability has been 
announced by Cohu Electronics, Inc. 

The Model 304 will deliver voltages 
from 0 to 1,222.2221 in steps as small 
as 1 mv with an accuracy of 0.003% of 
setting-+10 mv. Stability is 0.0015% of 
setting +0.0001 % of full scale for seven 
days. RMS noise voltage is less than 
20 mv on the lowest range. Output cur- 
rent is 0 to 50 milliamps at any voltage 
setting. 

Circle No. 162 on Subscriber Service Card 


Microwave System 


A solid-state microwave system de- 
signed for use on lower density routes 
is being marketed by Lenkurt Electric 
Co., Inc. 

The 71F Microwave operates in the 
2-gc industrial band and can accom- 
modate up to 120 voice channels on the 
main carrier baseband. A minimum of 
cight voice channels can be stacked 
above the order wire for dropping off 
individual circuits at each repeater. 

Specifications include a frequency 
range of 1,700 to 2,300 mc; frequency 
stability of 0.001%; total noise per hop, 
18 dbaO (120 channel loading); power 
output, 1 watt nominal; and temperature 
range: —40° to 50°C. 

Circle No. 163 on Subscriber Service Card 


Precise Angle Indicator 


A miniature precise angle indicator 
that reproduces and displays in digital 
readout any angular displacement as 
signalled by a remotely located synchro 
transmitter is being marketed by Gap 
Instrument Corp. 

The Model $2000-111 shows dis- 
placement from 0 to 360 degrees con- 
tinuously. Standard accuracy is +6 min- 
utes. The device meets MIL-T-21200D 
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specifications and features synchro or 
potentiometer input, slew speeds of 25 
degrees/sec. and repeatability of +1 
minute. 

Circle No. 164 on Subscriber Service Card 


Triggered Spark Gap 


A ceramic-metal, medium-energy 
switch rated for use up to 600 joules at 
pulsewidths not exceeding 60 secs is 
being marketed by Edgerton, Germes- 
hausen & Grier, Inc. 

The Model GP-31A has an opera- 
tional range of 2 to 6 kv. Most useful 
applications, the company says, are as 
a switch for a crowbar in medium power 
microwave systems, a main switch for 
magneto-optic shutters and for multiple 
exploding bridgewire initiating devices. 

Circle No. 165 on Subseriber Service Card 


Channel Analyzer 


A multichannel pulse height analyzer 
system, the ND-181, has been an- 
nounced by Nuclear Data, Inc. 

The unit operates in three areas of 
scientific measurement—pulse height 
analysis, multichannel scaling and 
signal averaging. It consists of four com- 
ponents—an analog-to-digital converter, 
an arithmetic and memory unit, a read- 
out control and an integrating and time 
base unit. 

Circle No. 166 on Subscriber Service Card 


Screen Reflector Yagis 


Technical Appliance Corp. has 
available a series of high-gain screen 
yagis designed for communications and 
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special purpose applications. Each 
model of the SY-44 series consists of a 
quad yagi array of horizontally polar- 
ized elements mounted above a single 
mesh surface ground plane. 

Models are currently available for 
the frequency bands of 390 to 425 mc; 
450 to 470 me and 470 to 512 me. 
The ground screen measures 48 x 36 in. 
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LC Filter 


An LC filter, miniaturized for space 
and military project communication and 
telemetry applications, has been devel- 
oped by the Electronics Div. of Bulova 
Watch Co., Inc. 

The BP521, a 70-ke bandpass filter, 
has an impedance rated at 10,000 ohms 
balanced input with 1,000 ohms output. 
Bandwidth at 3 db is greater than 21 kc 
and at 39 db is less than 41 ke, a 3 to 60- 
db shape factor of 2:1. Phase charac- 
teristic within the passband is linear to 
+15 degrees. 

The unit is being manufactured to 
MIL-F-18327 and NASA NPC-200 
specifications. It can be supplied with 
any center frequency from 30 to 70 ke. 
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C&C FM Transmitter 


An FM transmitter specifically de- 
signed for command & control applica- 
tions has been developed by the Instru- 
mentation Div. of Microdot, Inc. 

The Model 2345 operates in the 
400 to 550-mc range with an output 
power of 100 watts. Frequency accuracy 
is £0.005% with stability of =0.001%. 
The unit meets vibration and shock 
specifications of MIL-E-5400F and in- 
terference specifications of MIL-I 6181 
D. It weighs 100 Ibs. and measures 19 x 
12x 16 in. 

Circle No. 169 on Subscriber Service Card 


Needle Valves 


Circle Seal Products Co., Inc., has 
introduced a line of needle valves featur- 
ing unibody construction, packing below 
and threads and “coined” seat sealing. 

According to the firm, the unibody 
construction eliminates body leakage 
and provides safety against the operator 
backing out of the bonnet of the valve 
under pressure. Packing below the 
threads results in low torque threaded 
stem movement above the packing, 
where lubricant is free from contamina- 
tion. The coining process provides a 
maximum seat density for extra durabil- 
ity, the company maintains. 

The valves are available in 316 stain- 
less steel with 4%, 14 and % in. sizes. 
Operating pressure range is 0 to 3,000 
psi at temperatures from —®65 to 
450°F. 

Circle No. 170 on Subscriber Service Card 
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Stores Liquid Oxygen, 
Nitrogen, Argon, or Air 
for extended periods 
at -320'°F without ° 
loss of liquid state or 
Vacuum! 


Rugged, double-walled Liquified Gas Containers 
by Hofman are built with a vacuum of 10-5 
mm Hg (or lower) between the wall, plus 
carbon or optional stainless steel outer casing 
and copper inner spheres. All are suspended 
between Hofman’s patented heavy steel shock- 
absorbing springs at the neck, allowing free 
movement in any direction. Perfect for 
temperatures ranging from —246°F to —320°F. 
Available in 5 to 200 liter capacities. 


Helium and 
Hydrogen Containers 


Four insulating walls, stainless steel outer 
casings, copper inner spheres, and vacuum of 
10-> mm Hg or lower, make these nitrogen- 
shielded units ideal for research at temperatures 
as low as —452°F! In 10 to 100 liter capacities. 


Write for complete information! 


ropa 


LABORATORIES 


THE COMPLETE LINE OF CRYOGENIC EQUIPMENT 


225 PARKHURST ST., NEWARK, N.J. 
West Coast Facility: Paul Chemical Co. 
6750 Caballero Bivd., Buena Park, Cal. 
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BEYOND APOLLO—THE 
U.S. SPACE PROGRAM 


MISSILES AND ROCKETS will 
publishits fourthannual NASA 
issue November 30,1964. Now 
accepted as the authoritative 
publication on the nation’s 
space agency, M/R will exam- 
ine the National Aeronautics 
and Space Administration’s 
current and future projects, 
people and facilities—plus 
NASA fiscal 1966 budget 
planning now being consid- 
ered by the administration. 


PUBLICATION DATE 
NOVEMBER 30, 1964 


ADVERTISING CLOSES 
NOVEMBER 16, 1964 


With major procurement foil 
the Apollo manned Junaj 
landing program now behing 
it, NASA is deep in the plan} 
ningof new projects to expan¢ 
man’s knowledge in space 
Special emphasis is placed i 


Manned Orbital Research 
Laboratory 


Extended Apollo 
Project Voyager 


Manned and Unmanned 
Planetary Probes 


5 outstanding special issue 
D features an up-to-date 
lysis and report of: 


mmunications Satellite 
rporation— Procurement 
icies, hardware planning 
| organization of the first 
nmercial space venture. 


mic Energy Commission— 
ok at the future of nuclear 

e propulsion and power 
ems. 


ather Bureau — Plans and 
ding for weather satellites 
he future. 


SILES AND ROCKETS pro- 
as the recognized and au- 
itative route to reach the 
who will be making the 
parch, design, engineering 
procurement decisions in 
se new multi-billion dollar 
grams. 


BONUS CIRCULATION 


By request, the fourth annual 
NASA issue of MISSILES AND 
ROCKETS will provide 5,000 
bonus circulation to the deci- 
sion-makers in NASA, AEC, 
ComSat Corp. and the 
Weather Bureau. This means 
more impact, more readership 
for your advertising dollars in 
MISSILES AND ROCKETS. 
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let us move with you! 


Six Weeks Is Required 
To Change Your Magazine Address 


A regulation of the Post Office requires that you 
pay extra postage if copies of 


MISSILES AND ROCKETS 


ere forwarded to you at your new eddress. Copies 


will not be forwarded free and we cennot replace 
lost copies. To insure delivery et your new ed- 
dress please notify us at least six weeks in ed- 
vance of your moving. Send us your old and new 
eddress, and, if possible, the address label 


from your last issue ... include your postal | 


zone or zip number. Thank you. 
Write to: 


Missiles and Rockets 
Circulation Department 
1001 Vermont Ave., N.W. 
Washington, D.C, 20005 


M/R BUSINESS OFFICES 


Woshington, D.C. 20005—1001 Vermont Ave- 
nue, NW; (202)783-5400 
A. C. 8oughton, Notionol Soles Monager 
Kenneth C. Blonchord, Director of Reseorch 
ond Morketing 


New York, N.Y. 10017—20 East 46 Street; 
(212)986-3900 
Paul B. Kinney, Eostern Advertising Man- 
oger 
Poul N. Anderson 
Beverly Hills, Calif. 90210—9301 Wilshire 
Blvd.; (213)272-9827 or 274-8791 
Edwin J. Denker, Jr., Western Advertising 
Monoger 
Ronold L. Rose 


New Englond: 15 Holf Mile Common, West- 
port, Conn, 06880; (203)227-6867 
Gerry Mullin 


Boston, Moss. 02116—755 Boylston Street, 
Suite 306; (617)266-4455 
Gerry Mullin 


Detroit, Mich. 48237—21990 Greenfield 
Rood, Oak Park, Mich.; (313)547-8880 
Michoel Rouff 


Chicogo, III. 60601—1 East Wocker Drive, 
Room 1522; (312)321-1444 
Chorles E. Durhom, Jr. 

Miami, Fla. 33022—P.0. Box 890, Holly- 
wood, Flo.; (305)947-6072 
R. P. Coldiero 


London, W.1., Englond—44 Conduit Street; 
REgent 4714 
American Mogozine Group 


Geneva, Switzerland—10 Rue 


Geneva 321044 
Paris, France—1] Rue Condorcet; TRU 15-39 
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——rlames in the news 


STEVENS 


TAYLOR 


James J. Kramer: Named project man- 
ager of the Large Solid Motor Demonstra- 
tion Project at the National Aeronautics 
and Space Administration’s Lewis Re- 
search Center, Cleveland. He will be re- 
sponsible for the 260-in. solid propellant 
rocket motor program. 


Hubert J. Taylor: Joined the western 
operation of Sylvania Electronic Systems, 
a division of Sylvania Electric Products, 
Inc., New York City, as manager of mar- 
ket planning and research. He will deal 
with future government markets and evalu- 
ate their business potential in electronics 
research, development and production. 


Orville S. Tuttle: Appointed technical 
advisor to the general manager of Doug- 
las Aircraft Company's Aircomb Div., 
Cudahy, Calif. Aircomb is a material used 
in the fabrication of aircraft, missiles, 
space vehicles and a variety of specialized 
industrial products. 


Donald L. Stevens: Appointed director 
of Information Systems Dept., Philco 
Corp.’s Communications and Electronics 
Div., Philadelphia. He was formerly with 
Thompson Ramo Wooldridge Co. 


Fred W. Morris, Jr.: Appointed Asso- 
ciate Director of Telecommunications 
Management in the Executive Office of the 
President of the United States. He is also 
on the Professional Staff of the National 
Aeronautics & Space Council. 


Richard S. Fey: Named manager, ad- 
vanced technical studies, for the Chemi- 
cal Propulsion Div. of Hercules Powder 
Co., Wilmington, Del. 


Richard J. Gillis; Appointed a tech- 
nical representative in the Eastern District 
Office of Thiokol Chemical Corp., Bristol, 
Pa. He will represent the company with 
Goddard Space Flight Center, Langley Re- 
search Center and other NASA Headquar- 
ters research programs. 


Elmer Hutchisson: Will retire as Direc- 
tor of the American Institute of Physics 
on Oct. 1. Simultaneously, he will return 
to the position of editor of “The Journal 
of Applied Physics,” a scientific periodical 
he founded and first edited for the A.I.P. 


O. Wayne Carrico: Appointed to the 
newly created position of Corporate Di- 
rector of Commercial Development of 
Aerojet-General Corp., Washington, D.C. 


GILLIS 


CARRICO 


He will have responsibility for all com- 
mercial activity throughout the corpora- 
tion. 


George C. Tweed, Jr: Promoted to the 
corporate staff of Cubic Corp. as Director 
of Engineering in San Diego, Calif. He 
will establish engineering policy and co- 
ordinate all engineering activities as well 
as be a member of the management com- 
mittee for long range planning. 


Atlantic Research Corp., Alexandria, 
Va., has established a new corporate Field 
Sales Dept. It will be headed by John T. 
Ticer as Manager and David B. Roberts 
as Assistant Manager. 


Douglas L. Hamilton: Elected vice 
president-finance of Sylvania Electric Prod- 
ucts Inc., a subsidiary of General Tele- 
phone and Electronics Corp., New York 
City. Also elected was Jay W. White, 
Treasurer. 


Leonard Schieber, Jr.: Appointed di- 
rector of research at the Orlando Div. of 
the Martin Co., Orlando, Fla. He will 
direct the new Martin-Orlando Research 
Center and all fundamental and applied 
research programs of the Orlando Div. 


Percy Halpert: Appointed vice presi- 
dent of Sperry Gyroscope Co., Great Neck, 
N.Y. He will be responsible for Sperry 
divisions concerned with guidance, naviga- 
tion, avionics and missile system technolo- 
gies. 


R. Clinton Names: Joined Rocket Re- 
search Corp., Seattle, as Project Engineer. 
He was formerly employed with Lockheed 
Missiles & Space Co. 


Paul J. Colleran: Appointed manager 
of silicon controlled rectifier operations for 
Motorola’s Semiconductor Products Div., 
Phoenix, Ariz. He will be responsible for 
the engineering and production of silicon 
controlled rectifiers. 


John Chang: Named manager of re- 
search and development of U.S. Polymeric 
Chemicals, Inc., Santa Ana, Calif. 


Lewis J. Shioleno: Appointed vice presi- 
dent operations of Erie Technological 
Products, Inc., Erie, Pa. He will have re- 
sponsibility for all phases of electronic 
components manufacturing and marketing 
in the U.S. 
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a 
—when and where 


SEPTEMBER 


First International Congress on Instrumen- 
tation in Aerospace Simulation Facili- 
ties, sponsored by the IEEE, l’Ecole 
Nationale Superieure de l’Aeronau- 
tique Paris, Sept. 28-29. 


Symposium on Physics and Nondestructive 
Testing, sponsored by the Southwest 
Research Institute, Biltmore Hotel, 
Dayton, Ohio, Sept. 29-Oct. 1. 


Third Annual Symposium on the Physics 
of Failure iu Electronics, sponsored by 
the Dlinois Institute of Technology Re- 
search Institute, Grover M. Hermann 
Hall, Chicago, Sept. 29-Oct. 1. 


OCTOBER 


Fourth National Symposium of the So- 
ciety for Information Display, Shore- 
ham Hotel, Washington, D.C., Oct. 1-2. 


1964 Annual Meeting of the American 
Documentation Institute, Philadelphia, 
Oct. 4-8. 


Second Annual Research Management 
Program, sponsored by the Battelle 
Memorial Institute and Ohio Univer- 
sity, Battelle Memorial Institute, Co- 
lumbus, Ohio, Oct. 4-16. 


National Symposium on Space Electronics 
and Telemetry, sponsored by the IEEE, 
Dunes Hotel, Las Vegas, Oct. 4-9. 


Third Annual USAF Contract Aerospace 
Services Symposium, sponsored by the 
National Aerospace Services Assoc., 
Dayton Biltmore, Dayton, Ohio, Oct. 
Se 


Marketing Manager 
Advanced Program 


Established, medium sized, diversified 
company, with an outstanding growth 
record, located in an attractive 2 college 
community near a large midwestern 
metropolitan center is looking for a 
Marketing Manager to head up an ex- 
panding engineering R & D sales effort 
for government and industry. 

Product areas would include: plastics, 
inflatable and erectable satellites, insu- 
lation and thermal control materials, 
thermal balance coatings, injection and 
expulsion bladders, thin film technology, 
and vapor deposition. 

Since the man we are seeking will have 
a nearly free hand contributing ideas, 
generating and completing projects, he 
must have a great deal of initiative, in- 
genuity, creativity, self-reliance, and a 
strong personal interest in and capacity 
for handling important responsibilities. 
Qualified applicants will be considered 
regardless of race, creed, color or na- 
tional origin. Please send resume includ- 
ing present salary to: Mr. B. M. Brum- 
baugh, G. T. SCHJELDAHL Coa., 
Northfield, Minnesota. 


10th National Communications Sym- 
posium, sponsored by the IEEE, Utica, 
N.Y. Oct. 5-7. 


10th Annual Army Human Factors Re- 
search and Development Conference, 
Fort Rucker, Ala., Oct. 5-8. 


Parameters of Information Science, spon- 
sored by AFOSR and the Ameri- 
can Documentation Institute, Sheraton 
Hotel, Philadelphia, Oct. 5-8. 


National Aeronautic and Space Engineer- 
ing and Manufacturing Meeting, spon- 
sored by the Society of Automotive 
Engineers, Ambassador Hotel, Los An- 
geles, Oct. 5-9. 


Seminar on Quantum Mechanics, spon- 
sored by the American Institute of 
Physics and the National Association 
of Science Writers, Inc., Hotel Statler- 
Hilton, New York City, Oct. 6. 


International Space Electronics Sympos- 
ium, sponsored by the IEEE Space 
Electronics and Telemetry Group, 
Dunes Hotel, Las Vegas, Oct. 6-9. 


Electronic Information Handling Confer- 
ence, sponsored by the University of 
Pittsburgh, Goodyear Aerospace Corp., 
and Western Michigan University, 
Hotel Webster Hall, Pittsburgh, Oct. 
7-9. 


Galileo Quadricentennial, sponsored by 
the University of Rochester and the 
National Science Foundation, Univer- 
sity of Rochester, Rochester, N.Y., Oct. 
8-9. 


Society of Plastics Engineers, Inc., Re- 
gional Technical Conference, Sheraton- 
Cleveland Hotel, Cleveland, Ohio, Oct. 
8-9. 


Refractories Div. of the American Ce- 
ramics Society Fall Meeting, Cavalier 
Hotel, Virginia Beach, Va., Oct. 8-10. 


Electrochemical Society Meeting, Sheraton 
Park Hotel, Washington, D.C., Oct. 
11-15. 


Flight Mechanics and Entry Technology 
Meeting sponsored by the AIAA and 
NASA, Convention Center, Williams- 
burg, Va. and Langley Field, Va., 
(meeting at Langley is Classified), Oct. 
12-13. 


Second Aerospace Nuclear Propulsion Con- 
ference (partly Classified), sponsored 
by the American Nuclear Society, 
AIAA, Atomic Energy Commission, 
and NASA, Naval Postgraduate 
School, Monterey, Calif., Oct. 12-15. 


Symposium on Dosimetry in High Level 
Exposure, International Atomic En- 
ergy Agency, Vienna, Austria, Oct. 12- 
16. 
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editorial... 


The Briefing 


as OOD MORNING, COMRADES. Good morn- 
ing, General. You may proceed.” 

“Good morning, Mr. Chairman. There have 
been some interesting developments. You will 
recall from last week’s briefing on the United States 
that we still were puzzled by the unusual radar an- 
tenna photographed by the Cosmos satellites at Pa- 
tuxent in the state of Maryland. That now has been 
identified as a new American over-the-horizon radar 
which will increase warning time by spotting missiles 
immediately after launch.” 

“Splendid work. Who was the agent?” 

“The radar was identified by the President of the 
United States, Mr. Chairman.” 

“Incredible.” 

“Indeed, Mr. Chairman, but true.” 

“I assume, General, that this latest development 
will significantly increase their anti-missile capa- 
bility.” 

“Not at all, Mr. Chairman. The Americans still 
have no anti-missile capability. The American Sec- 
retary of Defense says development of what they 
call the Nike-X system has exceeded his fondest 
hopes. He notes, however, that it would cost between 
$15 and $20 billion to deploy the system to protect 
from 20 to 30% of the American population. There 
is some question as to whether they will spend this.” 

“But have I not read that the Americans spend 
more than that each year on liquor, cigarettes and 
cosmetics?” 

“Quite true, Mr. Chairman, but there is doubt 
whether their Administration will fund such a pro- 
gram to protect their lives.” 

“Incredible. Am I to assume, then, that the addi- 
tional warning time will be invaluable in permitting 
the citizens to reach their shelters sooner?” 

“No, Mr. Chairman. The Americans have no 
civil defense program.” 

“Incredible. But why are they spending such vast 
sums then on an over-the-horizon radar? What pos- 
sible use can it be?” 

“The analysis section still is working on that, Mr. 
Chairman. It should be noted, however, that vast 
sums are not credited for the new radar. The Ameri- 
can secretary says its development cost only $50 
million.” 

“Truly incredible. Why can we not match such 
economy?” 

“We are studying that, Mr. Chairman. It appears 
the American secretary has two accounting systems. 
One for those projects he favors. One for those he 
does not. The former are most economical, the latter 
are most extravagant. It is indeed puzzling.” 

“Proceed.” 

“We can now affirm, Mr. Chairman, that reports 
in the American technical journals of anti-satellite 
systems deployed in the Pacific are true. These re- 
ports have been confirmed without question within 
this past week.” 

“What is the source for this intelligence?” 

“The President of the United States, Mr. Chair- 
man.” 

“Incredible, but usually unimpeachable. They 


have also a system for identifying bomb-carrying 
Satellites?” 

“No, Mr. Chairman, that project was cancelled. 
They funded the anti-satellite weapons, but dropped 
the satellite inspection program which would have 
identified the targets.” 

“Incredible. What has this folly cost them?” 

“The American secretary says, Mr. Chairman, 
that the two anti-satellite systems have cost only 
$80 million and that both are operational.” 

“Truly, truly incredible. What a man.” He eyed 
his defense minister speculativcly. 

The General continued: 

“We also have reports on the U.S. nuclear pro- 
grams. Fresh intelligence confirms that the Ameri- 
cans have been unbelievably successful in develop- 
ment of flightweight nuclear rockets and ramjets.” 

“But is it not true that they have cancelled their 
projects for a reactor-in-flight-test and for a nuclear 
supersonic low-altitude ramjet missile?” 

“Quite true, Mr. Chairman. The latter decision 
in particular relieved a tremendous drain on our 
defense budget. We have cancelled our multibillion- 
ruble defensive program against the low-altitude ram- 
jet. I am happy to report that the SLAM team in 
Texas has been broken up and assigned to other 
projects.” 


si [eee ME, GENERAL, speaking of budgets, how 
was it that I was not briefed on some of these 
projects such as the over-horizon radar and anti- 
satellite systems when the American budget was pre- 
sented to their Congress?” 

“These did not show in the budget, Mr. Chair- 
man. These and many others such as the A-11 and 
SR-71 aircraft projects. They were concealed funds, 
similar to the vast CIA concealed funds.” 

“Ah,” said the chairman, “how much easier it is 
under the capitalist system. Sometimes I think there 
are advantages to a democracy. In regard to budgets, 
I understand the American Administration is brag- 
ging about the vast increase in military strength 
brought about by the first Kennedy-McNamara 
budget in 1961.” 

“Yes, Mr. Chairman. That is the one in which 
they cancelled two Titan squadrons, cancelled the 
Snark missile program, cancelled the Eagle missile 
program, cancelled the nuclear propulsion aircraft 
program, cancelled plans to put the Polaris missile 
aboard the cruiser Long Beach and cancelled plans 
for a large military space program.” 

“Incredible. Tell me, what is the miltary pilot 
Goldwater saying he will do about this if he takes 
office?” 

“He says he will build more airplanes.” 

“Airplanes, in this age when we already are de- 
ploying antiaircraft missile systems around Lenin- 
grad and Moscow and when we are building our 
fantastic new space ships? Airplanes? Incredible. 
Absolutely incredible. I suggest, General, that you 
proceed with your briefing on China. I will never 
understand these inscrutable Americans.” 


William J. Coughlin 
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NATIONAL RANGE DIVISION 


The critical combination: management skills 
with superior engineering talents 


One of the most crucial of Air Force space programs is the 
testing of missile and vehicle launch and flight procedures. 
To accomplish this, complex facilities have been developed in 
many parts of the world. Managing this widespread program 
calls for an unusual melding of technical capability and exec- 
utive proficiency. 

The organization charged with carrying out this vital respon- 
sibility is the National Range Division, operating under the 
Air Force Systems Command. This new and growing group, 
staffed with a dedicated civilian-military team, is seeking sys- 
tems oriented engineers for key positions. 


The National Range Division is responsible for planning, de- 
veloping, operating, maintaining, and controlling all Depart- 
ment of Defense range and flight test facilities in support of 
National missile and space programs. These facilities include 
the Eastern Test Range and the Western Test Range in addition 
to remote support sites around the world which provide key 
links in tracking, command, telemetry, and communications. 
The following disciplines are representative of those in which 
the National Range Division seeks qualified scientists and en- 
gineers. These rewarding positions are presently available in 
the Career Civil Service. 


SUPERVISORY ELECTRONIC ENGINEERS (OPERATIONS) — 
Supervises the work of a sizeable personnel! force engaged in global 
range control matters involving problems of an operational 

nature, schedule conflicts, performance standards and operational! 
resource allocations. Supervises the review of range user 
requirements, resolves conflicts on all operational matters including 
frequency allocations, range safety, communications, and other 
support services. Represents the Commander in discussion and 
negotiations with foreign governments. Provides basic policy and 
guidance in Global Test Support Configuration and Control Matters. 


SUPERVISORY ELECTRONICS ENGINEERS (RANGE SYSTEMS 
MANAGEMENT) — Supervises a sizeable personnel force in 

the preparation, identification of equipment deficiencies, 
consolidation and submission of planning and budgetary documents, 
establishment of priorities, allocation of funds, proposal review, 
system acquisition and other tasks relating to global range systems 
improvement. Represents the Commander in reviews of all 
instrumentation planning documentation. Provides basic policy and 
guidance in instrumentation system planning and acquisition. 


ELECTRONIC ENGINEERS (COMMUNICATIONS) — Requires system 
experience in communications electronics, data handling and 
processing of aircraft and ships’ functional areas. Reviews range user 
requirements, identifies deficiencies and develops design 

criteria for new instrumentation systems which will correct 
deficiencies. Responsibilities apply to instrumentation areas of 
timing, range safety, data handling, data processing, optics, 
communications, and aircraft and ships. Reviews Research and 
Development proposals. Directs the efforts of the subordinate 

test ranges, Reviews system acquisition status. 


ELECTRONIC ENGINEERS (SYSTEMS PLANNING)— Requires 
systems planning experience in trajectory measurement, telemetry, 
optics, command and control or general instrumentation support. 
Prepares, reviews, coordinates and revises long range equipment 
and financial plans and programming documents. Interprets 
objectives and policies and provides guidance to subordinate test 
ranges in preparation of plans and studies. Determines the 

relative priority of various plans and optimizes allocation 

of monetary resources. 


ELECTRONIC ENGINEER (TEST SUPPORT) —Serves as primary 
liaison officer with missile and space program agencies to identify 
and discuss instrumentation requirements. Provides guidance 

and policy to these agencies in documentation of requirements. 
Reviews and recommends acceptance of range user 

requirements. Represents the Commander in conferences discussing 
range user and National Range Division support relations. 
Compares overall requirements with existing instrumentation 
equipment to determine support capabilities, reviews 
instrumentation plans to determine consistency with program needs. 


If interview inconvenient, send résumé and/or application for 
Federal Employment (SF-57) in complete professional confidence to: 
Air Force Eastern Test Range 

Att: ETBPC, Dept. MR-9-28 

Patrick Air Force Base, Florida 

An equal opportunity employer 


THE GIANTS 


The Free World's largest rocket test facilities—for liquid, solid, and nuclear rocket engines. LIQUID—the 
Saturn Static Test Stand, Marshall Space Flight Center, NASA. SOLID—static test stand for TITAN-3C 


boosters, Edwards Air Force Base. NUCLEAR—the NERVA Nuclear Rocket Test Stand, Jackass Flats, 
Nevada, NASA/AEC. All designed by AETRON. 


A —— aie a Cc) we “ GENERAL 


Covina, California / A Division of Aerojet-General Corporation 


ARCHITECTURE + ENGINEERING » INSTRUMENTATION + FABRICATION - CONSTRUCTION MANAGEMENT 
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Complex Display Units in Gemini Cockpit 
New DOD Interest in ‘Humane’ Warfc 


SPECIAL REPORT ON ADVANCED DISP esr 
A Guide to Requirements and Mark _. ... —. as Amenican aviation PUBLICATION 


Boeing, world leader in advanced 
swept-wing, multi-jet aircraft, is 
today pioneering evolutionary ad- 
vances in both civilian and military 
aircraft fields. These programs have 
created outstanding openings for 
graduate engineers at all experience 
levels in the fields listed below. 
Minimum educational requirement 
is a B.S. degree in an engineering 
discipline, except where noted. 


DESIGN 


Structura/—Duties include the determi- 
nation of aircraft structural requirements, 
preliminary sketches and preparation of 
final layout drawings and investigation. 


Hydraulic—Duties include design of 
hydraulic systems and hydraulically 
actuated mechanisms, including brake- 
flaps, spoilers, landing gear doors, land- 
ing gear and nose wheel mechanisms. 


Air Conditioning & Pneumatic Sys- 
tems—Positions include the design of 
air conditioning and pneumatic systems, 
cabin heating and ventilation, cabin pres- 
surization, electronic equipment cooling, 
and temperature control of aircraft 
surfaces. 


Aircraft Control—Duties involve design 
of controls including ailerons, elevators, 
rudder, trim tabs and engine controls. 


Power Plant—Assignments involve the 
design of engine installations, engine 
accessories, strut and engine supports, 
engine nacelles, and thrust reversers / 
sound suppressors. 


Fuel Systems—Positions include de- 
sign of fuel systems, fuel and tank 
ventilation systems, water injection and 
tank purging systems. 


DEVELOPMENT 


Structural Dynamics—Duties involve 
analysis and experiments in aeroelastic 
fields of flutter and dynamic loads. B.S. 


ENGINEERS: 
Design and Development openings at Boeing 


or advanced degree required in applied 
mechanics with significant aerodynamic 
and structures background related to 
high-speed aircraft. Should be familiar 
with latest theories and techniques for 
analysis and test. 


Stability and Contro/—Openings re- 
quire strong background in airplane flight 
control system design and analysis, and 
stability and contro! characteristics, plus 
knowledge of computers, servomechan- 
ism design and development and testing 
of airplane configurations. Master’s 
degree or equivalent. 


Flight Control Systems—Positions in- 
volve establishing dynamic design criteria 
and specifications for flight control sys- 
tems, subsystems and components; selec- 
tion of most suitable control system com- 
ponents, and guidance of control system 
procurement and flight test. Requires B.S. 
or M.S. in engineering, mathematics or 
physics with applicable experience. 


Metallurgy and Mechanical Engineer- 
ing—Assignments entail alloy selection 
and application, development and im- 
provement of processes, preparation of 
specifications, laboratory experiments, 
technical consultation, and service failure 
analysis. Requirements, in addition to 
experience in aircraft technology or a 
related field, include familiarity with the 


electron microprobe and microscope and 
standard metallurgical equipment. 


Chemical Engineering—Openings re- 
quire experience in lubrication materials 
and concepts ; elastomeric, inorganic fin- 
ish, and organic polymeric materials, and 
structural adhesive bonding, plus a basic 
knowledge of materials behavior. Work 
involves evaluation, analysis and investi- 
gation of all materials characteristics, in- 
cluding mechanical, electrical, chemical 
and surface. 


Propulsion—Responsibilities include 
research and development, primarily 
V/STOL oriented, in the fields of sub- 
sonic and supersonic inlets, thrusting 
ejectors and engine fan thrust vectoring ; 
engine cycle analysis, engine / airplane 
optimization studies for subsonic and 
supersonic propulsion systems, and 
VTOL propulsion technology. 


Salaries are competitively com- 
mensurate with your education 
and experience background. Travel 
and moving allowances are paid to 
newly hired personnel. Boeing is 
an equal opportunity employer. 


Boeing’s Airplane Division is lo- 
cated near Seattle in the uncon- 
gested Pacific Northwest, noted 
for year-round mild climate, famous 
recreational facilities, excellent 
schools and housing, and health- 
ful outdoor Western living for the 
whole family. 


Send your resume today to Mr. Thomas 
Sheppard, Airplane Division, The Boeing 
Company, P.O. Box 707-ACE, Renton, 
Washington 98055. 


SILI EMR Mr 


AIRPLANE DIVISION 


Other Divisions, Aero-Space e« Verto! e Turbine 
« Also, Boeing Scientific Research Laboratories 


in aerospace 
hydraulic pumps... 


the PISTON 
makes the 
difference 


There’s no room for failure on 
aerospace flights ... that’s why 
PESCO’s piston pumps are built 
to run at high speeds for long 
hours at extreme temperatures. 
PESCO’s spherical pistons, with 
line contact rings, maintain zero 
bore clearance for the life of the 
pump... keep efficiencies high at 
fluid temperatures from —65° to 
700° F... make pumps relatively 
insensitive to contaminated fluids. 
No PESCO pump has ever seized 
during more than 25,000 hours of 
operation on aircraft and missiles. 
For your piston pump requirements, 
using either fuel or hydraulic oil, 
look first to PESCO. 


THIS 1S WHY PESCO VARIABLE AND FIXED DISPLACEMENT PISTON PUMPS 
ARE SPECIFIED ON AMERICA’S ADVANCED AIRCRAFT AND MISSILES 


PESCO PRODUCTS DIVISION 


Borg-Warner Corporation 
24700 North Miles Road, Bedford, Ohio 


ae] 
BORG-WARNER, 
Export Sales: 


Borg-Warner International Corp. « 36 South Wabash Avenue, Chicago 3, Illinois 
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A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE CO. 


3000 Arlington Boulevard, Falls Church,Va. 


IN HISTORIC FAIRFAX COUNTY, 
ONLY tO MILES FROM WASHINGTON, D. C, 
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The radiation-resistance of 
ROCKBESTOS wires and cables 


is far out: up to 10’ Roentgens 


Even in the heart of the Van Allen Belt where ionization ranges 
from 10° to 10!! Roentgens, a Rockbestos construction defies radia- 
tion. On earth this high degree of resistance will prove useful in in- 
dustrial and nuclear application. 

Six types are rated for 101? Roentgens: Micatemp, 3 Quartz Braid, 
Firezone III, Phosroc II, and Phosroc IH shielded and jacketed. 
Other Rockbestos constructions range in radiation resistance from 
10° Roentgens to 10!! Roentgens. 

In high temperature service from 800F. to 2000F., each is also 
meeting rigid electrical requirements in aircraft and missiles. Send 
for a bulletin describing Rockbestos wires and cables for heat and 
radiation resistance. 


ROCKBESTOS WIRE & CABLE CO. 


Division of CERRO CORPORATION - New Haven 4, Connecticut 
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Special Report on ASW 


To the Editor: 

Your Sept. 1 Special Report on ASW 
is the most complete and technically accu- 
rate coverage I have ever seen in an un- 
classified publication. Well done! 

W. R. Anderson 
Washington Representative 
Texas Instruments Inc. 
Washington, D.C. 


Kicking Up Moon Dust 


To the Editor: 

On the problem of obtaining more 
information on the nature of the surface 
of the Moon, a small explosive charge 
might tell a useful story. 

It might be practical to have a small 
auxiliary rocket, with an explosive head, 
carried on a future vehicle such as the 
recent Ranger VII. Sometime after the be- 
ginning of picture transmission the rocket 
would be sent off directly ahead in the 
line of main vehicle flight. On impact the 
rocket head would explode within the field 
of view being transmitted. 

From calculated impact velocity, and 
known (closely controlled) character- 
istics of the explosive charge, and from 
transmitted pictures of the rocket approach, 
explosion effects, and resulting pit it 
should, it seems to me, be possible to 
deduce a large amount of information. 

J. J. Maxwell 
Fort Saskatchewan, Alta. 
Canada 


‘The Briefing’ 


To the Editor: 

The Sept. 28 editorial, “The Briefing,” 
is grand artistry. The subject is superb— 
but the writing is superber. 

W. D. McBride 
Martin Company 
Denver 


Reprints of ASW Report 


REPRINTS of the entire 
Special Report on Anti-Sub- 
marine Warfare published in 
the September 21 MISSILES 
AND ROCKETS may be obtained 
from: 


Research Department 
Missiles and Rockets 
1001 Vermont Avenue, NW 
Washington, D.C. 20005 


Price is $1.00 per copy. Bulk 
rates upon request. 
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LOOK WHAT DOUGLAS IS DOING NOW! 


CAN MAN COUNT TELEPHONE 
POLES AT 500 MPH? Man-rating 
a defense program requires facts on 
what man can see and react to at extreme 
speeds. Douglas is engaged in a wide- 
spread test program to determine the 
visual limitations to which vehicles and 
artificial assists must be designed. 


: : : = a) 
THE GIANT SATURN S-IVB is 
being structurally checked out in the 
Douglas Structures Laboratory, one of 
the eleven buildings in the new Douglas 
Space Systems Center in Huntington 
Beach, California. The huge building 
has a 90-foot ceiling and five concrete 
test pads, each of which is 10 feet thick 
and can bear an 8 million pound load. 
It has a unique central control system 
and can conduct complex test programs 
while others are being prepared. 


ef 
TESTING OF 
stage of the National Aeronautics and 
Space Administration’s Saturn takes 
place in Douglas’ Sacramento facility. 
Advanced check-out methods aided the 
recent successful orbiting of the heaviest 
satellite ever launched...19 tons com- 
prised of S-IV and its payload. 


IN THE AIR OR OUTER SPACE... D O U G LAS GETS THINGS DONE! 


complete range operation and support — 
SMD* 


I & E Division designs and 
manufactures the hardware... any and 
all of it...required for missile range 
operations. @ It offers, of course, inte- 
grated electronics engineering and 
superlative precision manufacturing... 
from drawing board to final assembly, 
test and installation. @ But more than 
this, importantly, the creative, problem- 
solving capabilities of this Division are 
meaningfully enhanced by a continuous 
process of intra-company coordination 
which enables its outstanding person- 
nel to thoroughly understand what is 
needed... nowand in the future. @ With 
the other Dynalectron divisions—Paradyn 
and Land-Air—it plays an important role 
in ‘systems management development”, 
meeting the demand for electronic and 
ground support equipments supporting 
all functions of range operations. 


440 Hester Street 
San Leandro, Calif. 94577 


*Systems Management Development 


DYNALECTRON CORPORATION 


Land-Air Division spe- 
cializes in data collection, range instru- 
mentation and systems integration... it 
is well qualified by reason of having 
done so continuously for fifteen years at 
White Sands Missile Range and Hollo- 
man Air Force Base. @ The extensive 
experience of its personnel includes in- 
stallation, operation and maintenance of 
range instruments, communications and 
telemetry systems, research and devel- 
opment laboratories, launch support 
facilities, technical supply services, 
logistics and inventory control...plus 
all the rest that is necessary to qualify 
for the use of the word “complete.” 
@ With the other Dynalectron divisions 
—Instrument and Electronics and Paradyn 
—it presents in every real sense an un- 
surpassed capability for ‘systems man- 
agement development” in total range 
operations. 


Post Office Box 394 
Holloman AFB, New Mexico 88330 


Paradyn Division accu- 
rately reports what happened on each 
mission...another way of saying that 
it processes, reduces and analyzes al} 
kinds of data collected from range oper- 
ations. @ It has been doing this con- 
tinuously since 1953 for the Pacific 
Missile Range at Point Mugu, California 
... and itis prepared to do it equally well 
anywhere else in the world. @ Its sup- 
porting functions encompass computer 
programming for a wide range of tech- 
nological applications; operations of 
medium and large scale computers; 
PhD-staffed mathematical and engineer- 
ing services and consultation; drafting 
and technical writing. @ With the other 
Dynalectron divisions—/nstrument & 
Electronics and Land-Air—it rounds out 
the management responsibility within 
a single, coordinated organization for 
effective programming and processing 
of range data. 


Post Office Drawer 2001 
Point Mugu, Calif. 93041 


Qualified engineers and technicians are invited ta submit 


resumes in complete confidence. An equol appartunity emplayer. 


2233 Wisconsin Avenue e Washington, D.C. 20007 
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The Countdown 


WASHINGTON 


Next Centaur Late This Month 


The fourth Centaur launch is now scheduled for the 
fourth week in October at Cape Kennedy. It will be preceded 
by a Beacon Explorer satellite launch with the Scout booster 
at Vandenberg AFB. 


MOL Sea Surveillance Studied 


One of the uses of the Manned Orbiting Laboratory 
| (MOL) now under study is ocean surveillance. A man or 
men aboard an MOL could reject the large amount of 
superfluous data—relating to normal ocean traffic—that 
would be collected by an unmanned system, and concentrate 
on Soviet submarines. Space planners see this as a particularly 
useful application of the spacecraft. 


Hercules Sites To Increase 


Number of on-site Nike-Hercules antiaircraft batteries 
is expected to increase to 54 by April, 1965, Gen. Harold 
| K. Johnson told the National Guard conference last week. 
At present there are 46 batteries manned by about 7,000 
Guardsmen. 


Army Considering New Missile System . . . 


A new, multi-purpose, rapid-fire missile system is under 
| study by the Army for its Infantry Advanced Reconniassance 
and Fighting Vehicle of the 1970’s—and also as secondary 
| armament on the Main Battle Tank. Northrop Corp’s 
' Nortronics Div. has received a $98,036 contract for the 
| first phase of a three-phase analytical investigation of the 
| system. Army’s Development Command is managing the 
| contract. 


|... And Navy Envisions Whole Families 


Rear Adm. John E. Clark, commander of Pacific Mis- 
sile Range, told the Sixth Liquid Propulsion Symposium in 
| Los Angeles recently that the Navy will require new air- 
| to-ground anti-radar missiles with ranges greater than enemy 
| surface-to-air missiles. These, he said, will require throttle- 
| ability, on-off restart, and high maneuverability on com- 
| mand, as well as long-duration thrust from a volume- and 
weight-limited envelope. Clark, describing the role of mis- 
| siles in naval warfare for the 1968-72 era, said the Navy 
| also will need a new family of surface-launched air de- 
| fense missiles. 


MSC Bolstering Chamber Structure 


The space chamber at NASA’s Manned Spacecraft Cen- 
' ter is being extensively reinforced following buckling in the 
door section during pressurization tests in June. A 60 x 
60 ft. section—including all of the door—is being removed 
| and replaced by 1-in.-thick stainless steel. 


‘Tiara’ May Spot Guerrillas at Night 


NOTS China Lake has developed a chemo-luminescent 
material that may solve the critical problem of locating 
enemy guerrillas in darkness. Navy calls the substance 
“Tiara,” but will not reveal its chemical composition. A 
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pilot quantity is being produced by E. I. Dupont de Nemours. 
NOTS says Tiara glows brightly when in contact with oxygen 
but dims and disappears after a while. When mixed with wax 
the upper surface decays and darkens, but can be brushed 
off to activate lower layers. In counterinsurgency use it would 
be sprayed over grass and scrub and anyone walking over 
it would activate a brilliantly luminous trail. 


INDUSTRY 


Another 156-in. Shot Contemplated 


Lockheed Propulsion Co.’s highly successful second firing 
of a 156-in. solid on Sept. 30 (see p. 11) concluded that 
firm’s share of the 156-in. program. However, LPC has 
proposed, and the Air Force is considering, using the same 
case in another firing to test the feasibility of a 156-in.-dia. 
Titan III strap-on. This would employ the same liquid 
thrust-vector-control system being used on the 120-in. strap- 
ons. 


LMSC Begins MOL Mock-up . . . 


An engineering mock-up of the Manned Orbiting Lab- 
oratory has been started by Lockheed Missiles & Space Co. 
as part of a new, $3-million bioastronautics laboratory. To 
conform as closely as possible to the projected MOL con- 
figuration, the installation will enable astronauts to fly 
simulated military missions to test their capabilities in com- 
parison with those of instruments. 


. .. And Wins LORL Space Station Study 


LMSC also has received a $299,000 contract from 
Manned Spacecraft Center for design and engineering 
studies of space stations ranging from single-module and 
multi-module concepts based on the Extended Apollo to the 
large three-radial-arm design capable of holding 18-36 men. 
The firm, under a nine-month contract, will incorporate 
all previous systems and operations concepts for building, 
developing, launching and operating a Large Orbital Re- 
search Laboratory. 


GE Delivers Quickie Re-entry Vehicle 


A Re-entry Measurement Vehicle for a classified Western 
Test Range program has been developed and delivered to 
the Air Force in what is believed to be record time. Just 
16 weeks after development began on June 1, GE’s Re-entry 
Systems Dept. turned the vehicle over to the Air Force. To 
be launched by an Atlas ICBM at Vandenberg AFB, it is 
designed to collect data during re-entry into the atmosphere. 


INTERNATIONAL 


NASA Opens Shop in Paris 


The space agency has established an office in Paris to 
maintain liaison with the various regional and national 
space programs in Europe. First director of the office will 
be Gilbert W. Ousley, formerly with the Office of Interna- 
tional Programs at Goddard Space Flight Center. 


OUR 
ENGINEERS 
NEVER 
RIDE 
THE 
CABOOSE 


Sometimes an engineer con get so side- 
tracked in the course of a project thot he for- 
gets where it was going in the first place. 
This is calamitous. The engineer loses inter- 
est, and the wheels start to slow down ina 
dozen different places. / Hamilton Standard 
follows the project monagement concept, 
which enables the engineer to keep sight of 

the entire program, providing the ‘what ond 
when” direction, establishing and maintaining responsibility 
for the ‘‘how” and excellence of work required to accomplish 
the programs. Specificolly, the engineer will have the oppor- 
tunity to participate in and pursue a program from the begin- 
ning to final production, including phoses of / 1) Precontract 
— prepare R&D proposals, defining the tasks, technical os 
well as costs ond schedules. 2) Planning — developing com- 
plete detailed plons covering each element of the contract. 
3) Design & Analysis — creating the hardwore ideas — ap- 
plying the state-of-the-art, and assuming responsibility for 
the basic structure of the final product. 4) Development & 
Qualification — preparing development and qualification test 
programs to determine and demonstrate product perform- 
ance, conducting these tests, evaluating results, solving the 
problem areas to assure complete product development ond 
technical integrity, serve as technical consultant to manu- 
facturing and maintain customer coordination, analyzing 
in-service or field product performance. / Some of the 
present projects involve spoce ond life support systems, en- 


vironmentol conditioning systems, v/stol pro- 
pulsion systems, micro-electronics, ground 
support equipment, turbine ond rocket engine 
controls, industriol volves, electron beom mo- 
chines, oir induction ond specio!l controls. / 
Hamilton engineers ore encouraged to 
brooden their personal capabilities by taking 
advantage of in-plant technical courses lec- 
tures ond seminors. Enrollment in useful short 
courses at various colleges and universities is olso outhor- 
ized. Engineers may also qualify for the company’s rotational 
program. This provides opportunities for ossignments in sev- 
eral departments to broaden the individual’s knowledge of the 
company’s scope of operations. / In summory: an engi- 
neer’s future with Hamilton Standard is limited only by his 
obility and desire to make o contribution to the teom effort 
— and his capacity to shoulder responsibility. He’s got a 
wide-open track to personal progress. / We invite you to climb 
oboord for on immediote interview ond to submit o resume 
of your quolificotions to this equo! opportunity employer. Write 
to Mr. A. J. Fehiber, Supervisor of Professiono! & Scientific 
Recruiting, Windsor Locks, Connecticut. Deparfmenf F 
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The Missile/Space Week 


Army Awards Nike-X Contract 


One of the largest single con- 
tracts ever awarded by the Army has 
been let to Western Electric Co. for 
continued development and testing of 
the Nike-X anti-missile missile sys- 
tem. The cost-plus-incentive-fee con- 
tract totaled $309,664,200 and covers 
Nike-X work from October 1, 1964, 
to September 30, 1965. Western Elec- 
tric is the prime contractor for the 
Nike-X system. 

The pact covers work being per- 
formed at White Sands Missile 
Range, N.M., Kwajalein Island in the 
Pacific and other smaller test sites 
including Ascension Island in the 
Atlantic. 

In addition to Bell Telephone 
Laboratories in Whippany, N.J., 
which is responsible for the design 
and development of the system, ma- 
jor contractors sharing in the award 
include: Martin Co.’s Orlando Div., 
the Sprint Missile; Raytheon Co., 
Missile Site Radar and Multi-func- 
tion Array Radar; Remington Rand 
Univac Div., Data Processing equip- 
ment; Douglas Aircraft Co., Zeus 
missile; General Electric Syracuse, 
radar techniques and signal proces- 
sing equipment; and Avco Corp., dis- 
crimination techniques and studies. 


YF-12A Shown 


Advanced Hughes missile and 
fire control systems are expected to 
give the Air Force’s new Lockheed 
YF-12A (originally known as the 
A-11) aircraft unprecedented attack 
ability against supersonic bombers 
and a new independence of ground 
control facilities. 

The AIM-47A missile and the 
ASG-18 fire control system, together 
with the aircraft, were publicly 
shown for the first time at Edwards 
AFB, Calif., on Sept. 30. Joint tests 
of the three are being conducted at 
the Pacific Missile Range. 

AIM-47A and the ASG-18 (an 
outgrowth of the old F-108 program) 
use pulsed-Doppler radar and in- 
frared search and tracking. Air 
Force officials say the long-range 
missile has freed aircraft designers 
from the need to provide a high de- 
gree of maneuverability. The plane 
and its missile system can make a 
second attack run on a bomber in 
about one-fourth of the time re- 
quired by current aircraft-missile 
systems. 

Missiles, which can be conven- 
tional or nuclear-tipped, are carried 
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in a bay in the YF-12A’s belly, which 
apparently can carry at least eight. 
They are ejected downward by a 
fire control officer seated to the rear 
of the pilot, and are capable of Mach 
6 speed after launch at Mach 3. 


Shots of the Week 


Minuteman IT passed its first test 
Sept. 24 when it was successfully 
launched from a Cape Kennedy silo 
on a 5,000-mi. flight (see story, p. 
17). 

@ The Army-Marine Corps Red- 
eye man-transportable antiaircraft 
missile was tested Sept. 24 at China 
Lake, Calif. In four launchings 
against remotely controlled craft, 
Redeye destroyed a helicopter and a 
small winged target drone, barely 
missed a jet airplane and misfired 
once. (See page 16.) 

@ The Soviet Union on Sept. 24 
launched the Cosmos 46 satellite. 

@ University of Michigan engi- 
neers successfully fired an Arcas 
weather rocket from the Keweenaw 
Peninsula Sept. 24. 

@ The first four-stage launch of 
the Athena test rocket Sept. 28 from 
Green River, Utah, was termed a 
partial success by the Air Force de- 
spite an in-flight abort caused by an 
apparent malfunction. A computer 
eancelled ignition of the missile’s 
third stage after it sensed an in- 
verter malfunction. 

@ NASA’s X-15 rocket plane was 
flown twice last week from Vanden- 
berg, AFB, Calif., on the 28th and 
again on the 30th. First was to test 
a new coating designed to reduce air 
friction heating; second was a check- 
out flight. 

@ The last shot from Cape Ken- 
nedy in the Minuteman I series 
failed Sept. 29 when the missile 
veered off course and had to be de- 
stroyed 165 sec. after launch. The 
missile compiled a record from the 
Cape of 38 successes, 8 partial suc- 
cesses and 8 failures. From Vanden- 
berg AFB, Calif., the record was 60 
successes, four partials and two fail- 
ures. 


DOD Offering Handbook 


The Department of Defense is 
offering copies of a handbook de- 
signed to aid contractors in deter- 
mining the information needs of 
scientific and technical personnel. 

The handbook, which can be ob- 
tained without charge from the 
Defense Documentation Center by 


defense contractors, is the same used 
in a survey being conducted by DOD 
to aid in establishing its own infor- 
mation needs. 

W. M. Carlson, Director of 
Technical Information, DDR&E, is 
directing the survey in selected gov- 
ernment R&D laboratories, to de- 
termine what kinds of information 
are used, the form in which it is used, 
where it is obtained, and the types of 
decisions that are made with it. 
These conclusions will be used as a 
basis for an evaluation of the DOD 
system to see if technical information 
is being disseminated in the most 
useful fashion. 


New LPC 156-in. Test Succeeds 


POTRERO, CALIF.—The Air Force 
is preparing to test-fire a 3-million- 
Ib.-thrust 156-in. solid motor in De- 
cember “with renewed confidence” 
following successful test of the larg- 
est solid to date at Lockheed Pro- 
pulsion Co. here last week. 

The LPC 156-in. static test on 
Sept. 30 reached about 1.2 million 
Ibs. of thrust, as expected, with a 
burn time of about 2 mins. 35 secs., 
20 secs. more than anticipated. It 
was rated “successful in all respects” 
by Space Systems Div. officials on the 
basis of early data. 

It was the second firing of the 
same 156-in. segment case which had 
been reloaded following its first firing 
on May 28 (M/R, June 8, p. 25). 
Both Lockheed firings involved a 
single-segment motor, which is manu- 
factured in three sections. All three 
pieces contain propellant. 

About 650,000 lbs. of propellant 
was loaded into the case for the 
second firing—30% more than the 
May 28 test. The second firing was of 
particular significance, AF spokes- 
men told MISSILES AND ROCKETS, be- 
cause it proved out a new nozzle 
concept that will be used on the 
two-segment 156-in., 3-million-lb.- 
thrust motor to be fired at Thiokol 
Chemical Corp.’s Brunswick, Ga., 
facility in December. The latest LPC 
test showed ‘“‘that we can get rid of 
the graphite now and use graphite 
tape—meaning that essentially we 
ean go to a plastic nozzle,” a spokes- 
man told M/R. Rohr Aircraft Co. is 
now fabricating the nozzle for the 
December firing—a scaled-up version 
of the nozzle used on the LPC motor 
last week. 

As a result of success in the 156- 
in. program to date, the Air Force 
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TACTICAL MISSILES 


Extensive activity in the development of tactical missiles offers a 
variety of opportunities to engineers and scientists. Specifically, 
these opportunities are in the following fields: 


MISSILE AERODYNAMICS 


Conduct analytical and experimental studies to determine basic 
aerodynamic characteristics of advanced tactical missile designs. 
Establish propulsion system requirements using estimated aero- 
dynamic characteristics. 


FLIGHT DYNAMICS 


Initiate and conduct advanced analyses in flight dynamics and 
dynamic behavior of closed loop systems with the aid of analog 
computers and dynamic flight simulators for determining 
advanced tactical missile design requirements. 


DESIGN INTEGRATION 


Conduct preliminary design integration studies including 
interface compatability, logic, information flow and power dis- 
tribution. Conduct preliminary vehicle sizing with a working 
knowledge of trajectory analyses, propulsion performance and 
component design. 


VIBRATION AND FLUTTER 


Conduct vibration and flutter analyses of advanced tactical 
missile configurations. Develop advanced analytical techniques 
for determining vibration and flutter characteristics. 


PROPULSION 


Originate and conduct analyses of advanced tactical missile 
propulsion system including solid, liquid and hybrid rocket 
engines and air breathing systems. Investigate new propulsion con- 
cepts and determine applications for advanced tactical missiles. 


GROUND SYSTEMS 


Formulation of requirements and preliminary system design 
of automatic and semi-automatic electronic checkout equipment 
for missile and ground systems. Determine requirements for mis- 
sile handling and service equipment including mechanical, elec- 
tromechanical, electrical, and fluid systems. 


ORDNANCE 


Perform analysis, preliminary design and integration of war- 
heads and conceptual mechanizations for fuzing systems for non- 
nuclear and nuclear warhead systems. 


FLIGHT MECHANICS 


Initiate and conduct studies to develop methods for determin- 
ing the trajectory which maximizes a desired trajectory character- 
istic for a given set of constraints. Requires a strong background 
in mathematics, including a working knowledge of the calculus 
of variations, gradient methods, and dynamic programming. 


To arrange to visit our plant and discuss our programs, please 
write to: Mr. J. H. Papin, North American Aviation, Inc., 4300 
East Fifth Avenue, Box MR-689, Columbus, Ohio 43216. 


All qualified applicants will receive consideration for 
employment without regard to race, creed, color or national origin. 


COLUMBUS DIVISION “ts NORTH AMERICAN AVIATION 


can be expected to push for develop- 
ment of some applications that have 
been under study for some time, in- 
cluding use of 156-in. strap-ons to 
upgrade Titan III perfomance, use 
of the 156-in.-motor clustered or 
strapped onto other existing boosters 
for space missions, use for an un- 
limited-range ballistie missile, and 
creation of an advanced Titan-II1 
configuration by strapping 120-in. 


“solids onto a 156-in. solid carrying 


the Titan Transtage. 

Most immediate application, ac- 
cording to some AF' spokesmen, would 
be upgrading of Titan III to provide 
the booster for the Manned Orbiting 
Laboratory (MOL), should it be- 
come operational. 


Martin Gets Pershing Award 


Army Missile Command awarded 
two cost-plus-incentive-fee contracts 
totaling more than $24 million to 
Martin Co.’s Orlando (Fla.) Div. for 
engineering and R&D services on the 
Pershing weapons system. 

The $23,188,823 contract covers 
modifications and improvements on 
system design, production methods, 
previously delivered hardware, qual- 
ity control and updated manuals. The 
second contract for $987,893 covers 
R&D services. 


Filament Study Awarded 


NASA is granting funds to Spin- 
dletop Research Center in Lexington, 
Ky., to pursue a new idea in fabricat- 
ing boron carbide monofilaments. The 
study objectives include determining 
feasibility of the new process and 
a means by which the process can be 
varied to produce the most desirable 
properties. The monofilaments cannot 
be made by present manufacturing 
methods. 


NERVA Reactor Fired 


The Westinghouse NERVA reac- 
tor reached 85% of full power in a 6- 
minute-plus run at the Nuclear Re- 
actor Development Station, Jackass 
Flats, Nev., Sept. 24. The reactor 
under test, NRX-A2, was designed 
and built by Westinghouse Astronu- 
clear Laboratory. 

The duration of the successful 
run was limited by the amount of 
hydrogen gas available for turbine 
drive and reactor cool-down. The 
reactor was operated as planned for 
more than 6 minutes above 56% full 
power by the NERVA industrial team 
of Westinghouse and Aerojet-General 
Corp. The first NRX test was con- 
fined to cold flow and a third is set 
for next spring. 
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When cleaning is critical, 


Sperry uses FREON 
Precision Cleaning Agent 


Part of the gyroscope manufactured 
by Sperry* for the inertial guidance 
system of supersonic aircraft has to 
“float” in the damping fluid. The 
damping agent is a complex chemical 
polychlorotrifluoroethylene. 

The cleaning of the floated portion 
is acritical operation for which Sperry 
relies on an ultrasonic vapor rinse of 
Du Pont’s FREON Precision Cleaning 
Agent. The system was engineered 
and constructed by Branson Instru- 
ments, Inc.,Stamford,Conn.,an agent 
for ‘‘Freon’’solventcleaning systems. 
This is the type of complete service 
manufacturers have come to expect 
from representatives for Du Pont 
FREON solvents. 

FREON ts a Selective solvent...it 


thoroughly removes all contaminants 
without affecting the materials of con- 
struction. Its low surface tension en- 
ables it to penetrate even the most 
minute crevices, and its high density 
permits it to float away particulate 
matter. 

And FREON is so stable that by using 
a simple recovery unit, Sperry can re- 
use it. This, combined with increased 
production efficiency, results in cost 
savings. 

If you would like more information 
on how economical, nonflammable, 


FREON @UPOND 


SOLVENTS ateu 8 earore 
BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY 


Circle No. 6 on Subscriber Service Cord 


virtually nontoxic FREON fluorocarbon 
solvents can improve your cleaning 
operations, mail the coupon below. 

*Sperry Gyroscope Company, a division of Sperry Rand Corp. 


Ee | 
l Du Pont Co., ‘Freon’ Products Division | 
| N-2430 MR-2, Wilmington, Del. 19898 | 
| Please send me information on FREON I 
solvents. | am interested in cleaning ___ 
|) ——_—____—_—__—_—__——_ | 
| | 
| Name Title | 
I | 
| Company. | 
I | 
I Address | 
I | 
I City. Siate—_=2 > —————— | 
| OFFER GOOD IN U.S.A, ONLY | 
ae Se Soo Sa acs ee | 


In non-destructive field... 


DOD Weighs New War Concept) 


by James Trainor 


THE TRULY REVOLUTIONARY 
potential of non-destructive warfare— 
a direction in which the Defense De- 
partment has never turned before— 
promises to have as profound an im- 
pact on military operations as the 
introduction of atomic weapons or 
Napoleon’s introduction of the concept 
of total war. And it may be just as hard 
to handle—both politically and mili- 
tarily. 

The latter considerations, plus the 
difficult development problems involved, 
temper but do not dispel, the enthusiasm 
of Directorate of Defense Research and 
Engineering (DDR&E) officials. In non- 
destructive warfare techniques they see 
the promise that the U.S. will be able 
to accomplish the classical purpose of 
war—destruction of the enemy’s will to 
fight—without a concomitant loss of life 
or material. 

This nascent field is based on the 
use of temporarily incapacitating chem- 
ical or biological agents against pri- 
marily battlefield targets. 

“The goal is to make a man mili- 
tarily useless,” Dr. Chalmers W. Sher- 
win, DDR&E Deputy Director for Re- 
search and Technology, told MISSILES 
AND ROCKETS, “in a controlled manner 
with an agent which will act in seconds 
and have an effect lasting from several 
hours to several days.” Such an agent, 
he said, would act in a manner similar 
to “a powerful anesthesia” and would 
“literally render an individual uncon- 
scious.” 

@ Specs—Although such agents do 
not now exist in a militarily usable 
form, Albert E. Hayward, Deputy As- 
sistant Director in Sherwin’s office, out- 
lined for M/R the properties that such 
a chemical should possess. 

First, he said, the agent can be 
classed by the effect to be caused. “The 
goal, of course, is to render the enemy 
incapable of movement—that is, we 
would like to be able to paralyze the 
voluntary body functions while allow- 
ing the involuntary to function nor- 
mally. 

“Lesser effects, however, might be 
just as acceptable—for instance, tem- 
porary loss of sight or disruption of 
normal body functioning by inducing 
such things as vomiting, dysentery or 
various types of food poisoning.” 

In addition to producing these ef- 
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fects, Hayward said, the agent should 
be mass-producible, stable in storage 
and delivery and effective at low doses. 
Unlike lethal chemical agents, it should 
not be persistent in its effects, since 
friendly forces would want to follow up 
quickly the incapacitation of an enemy 
force. 

Since absorption is “technically 
hard,” both Hayward and Sherwin felt 
that inhalation of a gas or aerosol or 
penetration of the skin by a hypodermic 
dart were the most feasible means of 
incapacitation. 

“A good example of a temporary 
incapacitating agent, although it is not 
too useful on the battlefield, is the riot 
control agent, CS,” Hayward pointed 
out. 

@ Background—Research into non- 
destructive, incapacitating agents began 
in the late 1950’s. At first, the em- 
phasis was placed on the hallucinogens 
(or psychotomimetic) drugs, which are 
basically consciousness-altering sub- 
stances. Chief among these the mesca- 
line, which comes from peyote cactus; 
psilocybin and psilocin, derived from 
mushrooms; and LSD-25 (d-Lysergic 
Acid Diethylamide), from an ergot of 
rye or wheat. 

Development of these agents was, 
however, de-emphasized after it was 
discovered that the hallucinatory effects 
produced were not predictable and, as 
such, could have untoward conse- 
quences on the rational, decision-mak- 
ing processes of an enemy—an import- 
ant consideration in an era of nuclear 
weapons. 

Stress is now on the exploratory de- 
velopment of anesthetic agents in quan- 
tities suitable for tests on animals as 
well as research on pharmacology and 
toxicology. The Army Chemical Center 
at Edgewood Arsenal, Md., is develop- 
ing the chemical agents while Fort 
Detrick, Md., is pursuing biological 
agents. Funding for the total chemical 
and biological program including de- 
fensive efforts is $125 million; incapaci- 
tating agents are receiving a small per- 
centage of this total. 

@ Need is people—However, Sher- 
win emphasizes, funding is not the ma- 
jor problem. “We have been so wrapped 
up in electronics and space for the past 
several years,” he points out, “that we 
are having trouble finding people ca- 
pable of working on this problem. Our 
base is just not adequate for this job. 


What we require is not a large indus- | 
trial productive effort but research and 
development in such areas as physi- | 
ology, toxicology, and microbiology. 

“We need a balanced group of | 
people across the full spectrum of med- | 
ical and biological fields and, in this, we 
are competing for the same people who | 
are working, for example, on cancer re- 
search. Biologists who used to find it | 
difficult to get a $5,000 grant are now 
being showered with funds as a result 
of the $1-billion National Institutes of | 
Health programs and NASA’s space 
biology programs.” 

On the positive side, Hayward points 
out that many of the large chemical 
companies have freely entered into 
agreements with DOD to make avail- 
able gram-size quantities of substances 
which they feel might be of value to the 
defense program. “In this, we are ex- 
tremely fortunate,” Hayward says, 
“since these companies have the finest 
pharmacology and toxicology labora- 
tories in the country.” A large number 
of other companies—including Dupont, 
FMC, Stanford Research Institute and 
Arthur D, Little, Inc.—are also con- 
tributing to the program. An indication 
is the fact that 65% of the funds in the 
chemical and biological field are allo- 
cated to industry. 

® Within decade?—Both Hayward 
and Sherwin are reluctant to place a 
timetable on the development of these 
agents, since the entire effort hinges on 


evolvement of suitable incapacitating } 


drugs. Sherwin did venture a guess, 
however, that if developments were fa- 
vorable the agents could be available 
within five years and very likely before 
ten. 

Development, however, is only the 
beginning. Political acceptance of this 
type of warfare must be established and 
military tactics for its employment de- 
vised. Using the analogy of the develop- 
ment of the atomic bomb, Sherwin feels 
that these efforts will not be faced 
squarely until science has developed and 
handed over to the military the incapac- 
itating weapon. 

Two potential uses for incapacitat- 
ing agents foreseen by these DDR&E 
officials are in “big country-vs.-little 
country” conflicts, such as Vietnam, and 
United Nations peace-keeping opera- 


tions such as Cyprus and the Congo. @ | 
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Orbiting telescope studied... 


Radio Astronomy Observatory 
Expected To Get Development Nod 


NASA ASSOCIATE ADMINIS- 
TRATOR Robert C. Seamans, Jr., is 
expected to approve development of 
the Radio Astronomy Observatory in a 
few weeks. 

It is still not known, however, 
whether development will be performed 
by the Goddard Space Flight Center or 
by a missile/space firm. 

The satellite will weigh 270 Ibs. and 
will be launched by a Thrust-Augmented 
Delta. It will have four 750-ft. antennas. 

The satellite is designed to trace the 
location of mysterious radio emissions 
in space. The 750-ft. antennas form 
two V’s extending from the spacecraft, 
which will permit NASA scientists to 
determine the source of radio emis- 
sions within an area of approximately 
29 or 30 degrees of the sky. 

Dr. Nancy G. Roman, chief of 
astronomy at NASA headquarters, says 
design studies for this satellite have been 
“pretty well completed.” 

“It is not yet an approved program, 
but we have it in our budget for this 
year and we expect to get started 
fairly soon,” she added. 

® In jeopardy earlier—Earlier in 
the current fiscal year, it was known that 
the RAO was in danger of being delayed 
until FY’66 because of Congressional 
cuts in the FY’65 budget. 

It now appears, however, that there 
will be about $1 million available to 
get it started. The first launch will 
probably be scheduled for 1967. 

The decision as to whether it will 
be built by industry or the Goddard 
Space Flight Center is part of the pro- 
gram approval document being pre- 
pared for Dr. Seamans by officials of 
the Office of Space Science & Appli- 
cations. 

The decision will be left to Seamans, 
who will have to weigh the current 
workload of Goddard engineers and 
facilities. Although Goddard has de- 
signed and developed many satellites, 
many of the heavy observatory satel- 
lites it manages have been built by in- 
dustry. Another apparent reason for 
expecting the development to go to in- 
dustry is that the 750-ft. antennas are 
too big for Goddard’s present facilities. 

® Orbiting telescope studied—Dr. 
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Roman also revealed that NASA is 
considering a manned orbiting telescope 
in space in 15 to 20 years. 

She said that the Langley Research 
Center issued a request for proposals 
for engineering studies of how such a 
telescope could be connected to a space 
Station and how the instrument could 
be built so that man would be able to 
maintain it. 

The man in the system would not 
be used to look through the telescope— 
which may be as big as 100 in. or more 
—but there are other useful jobs for 
him. 

Because the telescope may be so 
large, the man will probably make pre- 
cise adjustments in the different frac- 
tion-limited optics. Since such a tele- 
scope is also intrinsically versatile, the 
man would also be used to change the 
auxiliary instrumentation at the focus. 
He could also collect film and make re- 


pairs. c 


® Anticipating requirements— Al- 
though officials conceived the telescope 
in connection with a space station, 


by Hal Taylor 


Dr. Roman said this is not yet certain. 

The telescope may be placed in orbit 
with a rendezvous with a manned vehi- 
cle from time to time, or it may be 
mounted on a space station with some 
isolation so that vibrations caused by 
men moving around will not reach the 
instrument. 

The space agency has also asked 
astronomers to submit proposals for 
studies to determine what missions the 
telescope might have in the solar and 
stellar areas, what instrumentation and 
what design features will be needed 
to solve these problems, and what 
technological developments must be 
started now to put a telescope in orbit 
15 to 20 years from now. 

The proposals are due in December. 
NASA officials then plan to hold a 
symposium in about a year, at which 
time the results of the astronomer and 
Langley studies will be known. A work- 
shop session will be held in which the 
space agency hopes to define in detail 
the technological development that must 
be initiated. a 


Navsat Study Group Established 


SIX GOVERNMENT AGEN- 
CIES have formed a committee to 
determine if a navigation satellite 
system is needed. 

The Joint Navigation Satellite 
Committee will be composed of rep- 
resentatives of the Departments of 
Commerce, Defense, Interior, Treas- 
ury, the Federal Aviation Agency 
and the National Aeronautics and 


Space Administration. 

The committee will evaluate re- 
quirements for improved navigation, 
traffic control and search and rescue 


services. It will then determine 
whether a satellite system will meet 
these requirements and what its cost 
would be compared to other methods 
for satisfying the same set of re- 
quirements. 

If a decision is reached that such 


a system is required, NASA will un- 
dertake research and development of 
the satellite. 

The space agency has completed 
three basic mission feasibility studies 
—two by Westinghouse Electric 
Corp. and one by the Univac Div. 
of Sperry Rand. The University of 
Michigan, under contract to the 
FAA, conducted a study for im- 
proved over-ocean air traffic control 
using satellites. 

The committee will review those 
studies as well as some funded by 
industry. 

Members of the ad hoc committee 
are Thomas L. Austin, Interior; Leo- 
nard Jaffee, NASA; David S. John- 
son, Commerce; Alton B. Moody, 
FAA; Thomas F. Rogers, DOD; and 
Capt. Billy R. Ryan, Treasury. 


With some exceptions... 


DOD Tightens Rules on Employees 
Accepting Favors from Contractors 


Effective Nov. 24 reports of incidents must be made within two 
days; officials stress that no specific cases were involved in change 


A MORE PRECISE definition has 
been issued to limit acceptance by Dept. 
of Defense personnel of “any favor, 
gratuity or entertainment” from con- 
tractors. 

Aimed specifically at such practices 
as hospitality suites, free lunches and 
mementos from contractors (e.g., a tie- 
clasp), the change modifies the DOD 
Directive on Standards of Conduct is- 
sued in December, 1961. 

“We found over a period of time 
since the directive was issued and 
amended in ’63 here, that there have 
been misunderstandings and misinter- 
pretations of the meaning of this (clause 
covering acceptance of favors, gratuities 
or entertainment),’”’ Norman S. Paul, 
assistant Secretary of Defense for Man- 
power, explained. 

“We've attempted to draft this 
amendment in the clearest possible 
terms, recognizing that this is a bit 
of a squashy subject, and you have 
to allow some leeway.” 

@ Firm language—Claiming that 
accepting gratuities may be a source of 
embarrassment to the Department and 
the personnel involved, the change in 
the directive categorically forbids the 
acceptance of any favor, gratuity or 
entertainment directly or indirectly 
“from any person, firm, corporation, or 


any other entity which has engaged, is 
engaged, or is endeavoring to engage in 
procurement activities or business trans- 
actions of any sort with any agency of 
the DOD. .. .” 

The original directive left the de- 
termination to the individual concerned 
and called for discretion where such 
favors “might reasonably be interpreted 
as affecting” the objectivity of govern- 
ment personnel. It is this multiplicity of 
interpretations that the change is de- 
signed to eliminate, Paul said. 

@ Exceptions—Exceptions to this 
rule, however, have been made in cir- 
cumstances where “the interests of the 
government may be served” by DOD 
personnel participation in various gath- 
erings sponsored by industrial, technical 
and professional associations. 

“Participation by Defense person- 
nel,” the directive now states, “is ap- 
propriate where the host is the associa- 
tion and not an individual contractor.” 
Acceptance of entertainment or hos- 
pitality from private companies at such 
affairs, however, is specifically prohib- 
ited. 

The directive further says that the 
interests of the government may also 
allow Defense personnel to participate in 
some limited activities sponsored by in- 
dividual contractors. It cites two exam- 


ples—“launching of ships or the unveil- 
ing of new weapons systems”—as legiti- 
mate instances of mutual interest to the 
government and private industry. Sev- 
eral other limited examples, such as 
off-shore sales meetings, are also cited 
as reasonable exceptions. 

® Reporting procedure—Beyond 
these limited conditions, however, any 
DOD employee who accepts any favor, 
gratuity or entertainment must report 
the incident and the circumstances 
within 48 hours to the designated rep- 
resentative of the service secretaries or, 
in the case of an employee of the Office 
of the Secretary of Defense, to the 
representative of the Secretary. The 
change in the directive becomes effective 
Nov. 24. 

Paul emphasized that the amend- 
ment was not the result of misconduct 
on the part of either DOD personnel or 
contractors, but simply clarification of a 
situation DOD felt needed clarification. 
Work on the change has been going on 
for several months, he said, but there 
was “no specific instance which brought 
this thing about.” Rather, it was an ac- 
cumulation of examples that had come 
to the attention of DOD “through one 
means or another” in the course of rou- 
tine administration. a 


Redeye Kills Helicopter 
And Narrowly Misses a Jet 


REDEYE, the individual soldier’s air- 
defense missile, shown downing a heli- 
copter (streak from right to left) in tech- 
nical demonstration for NATO and press 
representatives. Tests, conducted at China 
Lake, Calif., also included firing of the 
General Dynamics/Pomona missile against 
a jet target moving at 415 knots at 1,500- 
ft. altitude and slant range of 12,000 ft. 
Although missile missed jet, Army said it 
passed within 3 ft. of aircraft's exhaust 
pipe. Improved Hughes infrared seeker, 
used for first time, reportedly can dis- 
tinguish “up-Sun” target at least as effec- 
tively as can the human eye. 
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36 R&D launches set... 


Minuteman II May Be 
Operational in 1965 


THE SUCCESSFUL Sept. 24 flight 
of the first Minuteman II ICBM brings 
the system a step closer to its planned 
late 1965 or early 1966 operational 
date. Launch was from the Eastern 
Test Range. 

First of 36 scheduled research and 
development flights, the test included 
launching the missile from its 90-ft.- 
deep silo to a planned impact point 
some 5,000 mi. down the Atlantic Mis- 
sile Range. 

The three-stage solid-propellant 
ICBM, which is expected to join 
Polaris as the backbone of the U.S. 


Martin Gets Titan III-X 
RFP from Air Force SSD 


SPACE SYSTEMS DIVISION 
of the Air Force Systems Com- 
mand has issued a request for a 
proposal to the Denver Div., Mar- 
tin Co. for “design, development, 
fabrication and test of Titan III- 
X/ Agena launch vehicle.” The re- 
quest also asks Martin to provide 
the associated aerospace ground 
equipment for the program and to 
activate launch facilities at the 
Western Test Range. The program 
initially is to run for two years. 

Thus, the Titan III-X has taken 
another step toward reality (M/ 
R, Aug. 31, p. 11), although Air 
Force officials stress that the pro- 
gram is not yet approved for de- 
velopment. Officials also describe 
themselves as encouraged by prog- 
Tess in studies and informal nego- 
tiations to date and are confident 
the program will receive a go- 
ahead in the FY 66 budget. 

Titan III-X is to be a non- 
manrated launch vehicle for mili- 
tary space payloads. The basic ra- 
tionale behind the program is to 
provide a cost/effective launch ve- 
hicle for unmanned space pay- 
loads with the same capability as 
the Titan III-A. 
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strategic retaliatory force, is capable of 
carrying the same size warhead as 
Minuteman I in terms of yield. Its 
range is more than 9,000 mi., compared 
to 6,700 mi. for the earlier version. 
Minuteman II’s accuracy is also sub- 
stantially greater than that of any other 
USS. strategic missile. 

® Accent on accuracy—This ac- 
curacy—coupled with a sophisticated 
penetration aids package—gives the ad- 
vanced Minuteman not only a greater 
assurance of penetration to its target 
but also a capability against hardened 
targets comparable to that of the Titan 
I 


The destructive capacity of a war- 
head, Defense officials say, increases 
with the cube of the accuracy and ap- 
proximately linearly with the yield. 
Therefore, although the Titan IT is es- 
timated to carry a 10-15 megaton 
weapon versus about one megaton for 
the Minuteman II, halving the circular 
error probable (CEP), between the J 
and /I versions gives the two systems 
comparable capabilities against hard- 
ened targets. 

Improvements in targeting capabil- 
ity are another major advance in the 
Minuteman I. Multiple target informa- 
tion can be stored in the missile guid- 
ance computer, and, if necessary, a 
target assignment can be changed with 
the simplicity of pushing a button. Also, 
control of the Minuteman II force can 
be exercised from mobile airborne com- 
mand posts. These command posts 
will be capable of firing one or several 
of the missiles. 

@ Size of force—Two hundred 
Minuteman II missiles have been funded 
to date by the Defense Department— 
150 to be sited at the Wing VI base at 
Grand Forks AFB, N.D., and 50 to be 
located with the first Minuteman I wing 
at Malmstrom AFB, Mont. 

Present DOD plans are to integrate 
the future buys of Minuteman II mis- 
siles with already emplaced Minuteman 
I missiles by “internetting” the com- 
munications and control systems. This, 
Defense officials say, will increase the 
targeting effectiveness of the force as 
a whole. a 


FIRST Minuteman I] before launch. 


Fluid Control System 
Holds MAW Potential 


AN ALL-FLUID control sys- 
tem has been successfully fired at 
the Army Missile Command, Red- 
stone Arsenal, Ala., aboard a test 
instrumentation missile. The sys- 
tem, which has no moving parts 
except the fluid, has potential ap- 
plication in the directionally con- 
trolled Medium Anti-tank Assault 
Weapon (MAW). 

Extremely simple, economical 
and durable, the fluid-control sys- 
tem performs functionally the 
same as an electronic package 
through channeling the liquid into 
various parts of the system. The 
system flown and recovered for 
re-use included a fluid summing 
amplifier, a rate sensor and a 
power amplifier, as well as four 
cold-gas reaction jets to control 
the missile in roll only. 

The system was built by the 
Aeronautical Div. of Honeywell, 
Inc. for the Inertial Guidance and 
Control Laboratories of the Mis- 
sile Command. 
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IMP-I resumes transmission .. . 


NASA Set To Launch Second 


Interplanetary Monitoring Platform 


NASA HOPES to have two Inter- 
planetary Monitoring Platforms (IMP) 
in orbit this week so that it can compare 
data on magnetic fields, cosmic rays and 
solar winds in space. 

The space agency announced last 
week that JMP-I had resumed trans- 
mitting Sept. 17 after shutting down last 
June because of solar power loss. At 
the same time, the 
agency was prepar- 
ing to launch IMP- 
B—no earlier than 
Oct. 2—into an or- 
bit carrying it out 


126,500 mi. into 
space and as close 
as 120 mi. to 
Earth. 


IMP-I is orbit- 
ing the Earth with 
an apogee of 192,- 
077 mi. and a peri- 
gee of 2,073 mi. 
Although scientists 
do not know how 
long IMP-I_ will 
continue to trans- 
mit, they hope it 
will be long enough 
so that data on the 
same space _ phe- 
nomena can be 
gathered by both 
satellites while at 
different distances 
from the Earth. 
This could provide 
valuable informa- 
tion on interrela- 
tionships of magnetic fields, 
rays and solar winds. 

Launch vehicle for IMP-B is the 
three-stage Delta booster. Orbital period 
for the 136-lb. spacecraft was expected 
to be about 981% hrs. 

@ Experiment contributors—It car- 
ries nine experiments contributed by 
scientists from the Universities of Cali- 
fornia and Chicago, MIT, Goddard 
Space Flight Center and Ames Re- 
search Center. 
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cosmic 


The satellite has an octagon-shaped 
base, 8 in. high and about 28 in. dia. 
All but two of its experiments are 
mounted in the base. The rubidium 
magnetometer is mounted on a boom 
that telescopes out to a distance of six 
feet after orbit is attained. In addition, 
two fluxgate magnetometer sensors— 
folded at launch time—are extended on 


CONCEPTION of IMP-B, second in NASA’s Interplanetary 
Monitoring Platform series. Six of eight experiments are in base. 


booms seven feet away from the satel- 
lite in orbit. 

The satellite is spin-stabilized in 
orbit. Solar cell arrays are mounted on 
four panels and the power derived from 
the Sun charges 13 silver-cadmium bat- 
teries. The tiny four-watt transmitter 
it carries weighs only 1% lbs., but it 
can transmit data back to Earth from 
distances of more than 126,500 mi. 

@ IMP-I data detailed—Space 
agency officials said that JMP-I has al- 


ready contributed valuable new scien- 
tific information. 

Perhaps the most noteworthy have 
been the studies of the boundary or 
transition region between the Earth’s 
magnetosphere and interplanetary space. 
IMP-I’s contribution has been the dis- 
covery of a shock wave preceding the 
Earth’s magnetosphere. 

This wave, similar to that created 
by a supersonic aircraft, is caused by 
the solar wind. Between the shock wave 
and the magnetosphere boundary, a tur- 
bulent region of highly energetic plasma 
also has been discovered. 

Mapping of these regions by its 
magnetometers also shows that the 
shock wave and the turbulent transition 
region trails back and away from the 
Earth in increasingly widening bands, 
much in the manner of the wake of a 
ship at sea. This wake of particles, in 
lessening intensity, may extend as far 
back as a quarter of a million miles. 

@ New discovery—IMP-I made an- 
other important discovery Dec. 14 and 
15, 1963 when it was near apogee dur- 
ing its fifth orbit. Its magnetometers 
registered significant increases in mag- 
netic field strengths that had not previ- 
ously been noted in interplanetary 
space. Evaluation of the data coupled 
with the known position of IMP in 
space has attributed the increasing mag- 
netic field to the fact that the space- 
craft was passing through the tail por- 
tion of a lunar magnetosphere. 

NASA said that while these discov- 
eries have been the most significant new 
finds of IMP-I, studies of the strength, 
velocity, and changes in solar wind, plus 
new insights into the intensity and time 
variations of cosmic rays have also 
been of more than routine scientific 
interest. 

The IMP spacecraft series was de- 
signed, built and underwent environ- 
mental testing at the Goddard Space 
Flight Center. Prime contractor for the 
Delta launch rocket is the Douglas 
Aircraft Co. | 
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By House commiffee ... 


Single Office Proposed to 
Shortage of Scientists and 


A SPECIAL Congressional commit- 
tee strongly recommends that a single 
office be set up to marshal the nation’s 
engineering and science manpower to 
meet the demands of research and de- 
velopment programs. 

The one fact emerging from a study 
by the House Select Committee on Gov- 
ernment Research is the abysmal lack 
of uniform data on the distribution and 
actual size of the supply, and of ade- 
quate methods of projecting the demand. 

Growth of the space program par- 
ticularly has led to various Cassandric 
prophesies as to shortages of profes- 
sional personnel. These earlier estimates 
were later revised, especially as propo- 
nents of the space program sought to 
defend it against charges of monopoliz- 
ing the country’s technical talents. 

Now, two recent surveys from au- 
thoritative sources again project a short- 
age toward the end of the present 
decade. Even these differ as to degree. 
For instance, the Engineering Man- 
power Commission (EMC) predicts, 
based on a survey of employers’ esti- 
mates, that industry will require 37% 


Number of | Projected employment 
increases 
1963 employment 


employed 


Activity engineers 


1965 


by Heather M. David 


more engineering and scientific person- 
nel by 1973; government, 18% more. 

However, the Bureau of Labor Sta- 
tistics, which bases its predictions on 
theoretical analyses of the probable ex- 
penditures for R&D in the future, says 
that industry will increase its need by 
1970 by 59%, government 42%. 

While the EMC puts the total in- 
crease in demand at 34%, the Bureau of 
Labor Statistics estimates it at 73%. It 
should be noted that EMC does not in- 
clude college and university employees 
in its survey, nor scientists other than 
those in the physical sciences. However, 
this does not account for all the differ- 
ences. 

What may affect the estimates of the 
Engineering Manpower Commission, the 
Select Committee pointed out, is the fact 
that the data for the report were col- 
lected during the fall and winter of 
1963-64, during which time there was 
“considerable uncertainly” within indus- 
try and Government agencies about the 
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Source: “Demand for Engineers, Physical Scientists, and Technicians, 1964.” 


Engineering and physical sciences growth in total employment, 1962 through ’78. 


| missiles and rockets, October 5, 1964 


Combat 
Engineers 


manpower effects of proposed cutbacks 
in Federal defense and space spending. 
Trend of long-term demand “is upward 
if national goals are to be met,” the 
committee was advised. 

Whichever projection is accepted, 
the committee still feels that the shortage 
will be severe enough to warrant re- 
medial action. 

® Goldplating rapped—The com- 
mittee admonished both industry and 
government for the practice of “stock- 
piling” talented personnel. In such in- 
stances, it said, a project which might be 
carried out by one Ph.D., two bachelors 
of science and six technicians “might 
be staffed by four Ph.D’s, and four other 
degree-holders because the industrial or 
governmental employer wants them 
available for possible future projects.” 
This practice actually degrades the abil- 
ity of the professionals, it said, as well 
as creating shortages in other areas. 

The committee suggested retraining 
older and more experienced personnel 
in new areas of technology as a method 
of meeting the demand. One paradox of 
the current situation is that many experi- 
enced, highly qualified personnel may 
now be laid off as projects are termi- 
nated, while recent graduates are read- 
ily employed. 

Another source is increased use of 
women, both full- and part-time, the 
committee said. At present, only 12% 
of the scientific force and 1% of the 
engineers are women. Another factor 
industry and government agencies should 
look at, the group said, is whether suffi- 
cient staff help is being provided the 


professionals. 
Current engineering and science en- 
roliments will not mest the need, how- 


ever cautious the prediction. These ar 
now estimated to be producing abou 
31,400 new scientists each year, an 
45,100 new engineers. 

The Select Committee recommends 
that because of the divergence of opin- 
ions, a central office should be given the 
responsibility of coordinating all data, 
and making projections of trends, re- 
quirements and availability of person- 
nel. This office should report to Con- 
gress and to the President at least 
semiannually. | 
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POURRI 


Published monthly by Giannini 
Controls Corporation to advance 
our belief that the truth need 
not be dull. 


/ THIS MONTH: \ 


NUCLEAR MEASUREMENT OF 
WEIGHTLESS FUEL 


WORLD'S SMALLEST 
PRESSURE X’DUCER 


SALES GROUP DESIGNS 
SPACE CAPSULE 


LETTERS TO THE EDITOR 


ae 


WEIGHTLESS FUEL 
Is A PROBELEM™MI 


When a space vehicle's fuel tank goes 
weightless, probe-type measurement de- 
vices go non-operational. At zero-G, fuel 
just meanders around the tank in glob- 
ules, droplets or mist. And you just can’t 
measure an amorphous or moving mass 
with a fixed probe. 


The men of our Control/Nucleonics 
Division, firm in their belief that there’s a 
radiological answer for everything from 
dandruff to Mau-Mau, recently laid the 
weightless fuel problem to rest. Here’s 
how: 

The drawing below represents a cross- 
section of a space vehicle’s fuel tank at 


read out 


zero-G. The fuel (f) is a free-floating 
puddle inside the tank. The little squares 
(") at the right of the tank are sources 
cmitting radiation. The dots (#) around 
the other side are scintillators which 
detect radiation levels. As the radiation 
(&%) from the sources passes through the 
fuel, it loses intensity in ratio to the fuel’s 
mass. So, the scintillators see less radia- 
tion than the sources emit. This reduction 
in intensity, when fed through a minia- 
ture GCC computer (c), gives an accu- 
rate, continuous reading of fuel residuals, 
regardless of attitude or G-loadings. 
Also, note that our hardware is com- 
pletely external, with no internal plumb- 
ing to get honked up. Simple, isn’t it? 


OK, gang. Now, how about dandruff? 


DAS VIER MAN VOLKSKAPSEL, MARKE IV 


Ever ask yourself how sales engineers would tackle a major design problem? 
Wonder no more. Above you see a space capsule. It comes from a group 
therapy session chaired by Tucker Benz, erstwhile GCC systems seller*. 


Behold the Volkskapsel. What it lacks in concept, it gains in raw saleability. 
Look at that configuration. They'd love it in Huntsville. Regard the $1695 POE 
price (not including fuel gauge described at left). How could Congress object? 
As for the tax-paying public, at last they’d have a space project they could 
identify with. As for the Astronauts, well... 


For a rendering of the Volkskapsel, drop us a line care of T. Benz. 
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*In reward for his great systems knowledge, 


Mr. Benz has been elevated to Marketing 
Mer. of GCC’s Instrument Division. 


CUT PRESSURE XCDUCER 
PAYLOADS 1/3 


We've carved %2” and 2 oz. out of our 
miniature 114” pressure transducers. The 
results are the smallest, lightest potentio- 
metric transducers in anybody’s inventory. 


Stable at 75 G's 
These new midgcts come in both high 
and low pressure versions covering 0 to 
3,500 psia. Weight is 3 oz. Temperature 
range is —65°F. to +200°F. They’re 
stable at 50 G’s vibration and accelera- 
tion (up to 75 G’s for the high pressure 
version). Impressive? It’s asmall wonder! 
M 0 Ny For additional information, 

use these reader service #s: 

D AT A Fuel gauging 

Midget x’ducer 
GIANNINI CONTROLS CORPORATION 
1600 South Mountain Avenue, Duarte, California 
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Technical Countdown 


MATERIALS 


Apollo To Get Plastic Cover 


Project Apollo engineers believe a plastic cover over 
the Command Module will save about 300 Ibs. of ablative 
material, protect the ship during launch and prevent the 
escape rocket from fogging the spacecraft windows when 
it is jettisoned. The form-fitting cover will shroud the ren- 
dezvous and docking mechanism at the top of the cone 
and drape over the remainder of the module. The shroud 
will be tested at White Sands in November during a maxi- 
mum g abort test aboard the Little Joe I]. The cover will 
be fixed to the launch escape tower and jettisoned after 
first stage Saturn burnout. NASA officials estimate the 
shroud weight to be between 400 and 500 ibs. The early 
jettison should result in a net savings of about 300 lbs., 
since it will eliminate the extra ablative coating needed to 
handle ascent heating. As now planned, the Apollo will be 
launched as a truncated cone with the male connection of 
the docking mechanism exposed. This will be capped by 
a 1-in.-thick, rigid cone-shaped cover of glass fiber honey- 
comb. Behind this cap the shroud will be of flexible glass 
fiber construction impregnated with Teflon. A zippered 
opening will allow astronaut egress and all but one visual 
port will be covered until the jettison action. 


U.S. Steel Producing Maraging Steel Sheets 


Maraging steel sheets with yield strengths of 200,000 
to 340,000 psi are commercially available from U.S. Steel. 
The steel has a one-million-to-one strength-to-weight ratio, 
making it ideal fof many missile/space applications. U.S. 
Steel uses a special electric furnace air-melt process to turn 
out heats of maraging steel as large as 85 tons. The firm is 
also marketing a complete maraging steel product line in- 
cluding plate, bars, strip, wire tubing and rolled or forged 
billets. The basic compositions for the high-nickel alloy 
were developed by International Nickel Co., Inc. 


Thermo-Lag on Centaur 


Aerodynamic heating developed during the launch 
phases of Centaur rocket flights is being controlled by a 
shielding based on Emerson Electric’s Thermo-Lag sub- 
liming coatings. The ascent insulation coating is being used 
on the interstage adapter that shrouds the Centaur engines 
and connects the upper stage to the Atlas booster. Thermo- 
Lag insulations are designed to sublimate at various tem- 
peratures, thus providing a measure of heat blockage to an 
underlying structure. 


Pershing Casting Helps Save $1 Million 


An electronically-programmed centrifuge machine for 
casting highly accurate aluminum and magnesium parts has 
contributed to savings of $1.14 million on the first- and 
second-stage Pershing attitude-control vanes. Designed and 
built by the Pomona Div., Electronic Specialty Co., the 
machine is capable of swinging heavy molds up to 500 rpm 
without vibrations or oscillations. Centrifugal castings have 
exceeded strengths achieved in comparable wrought parts. 
The device was developed under the sponsorship of the 
Logistics Command, Basic Industry Branch, Wright-Pat- 
terson AFB and the Norair Div. of Northrop Corp. 
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PROPULSION 


Rocketdyne Fires Reinforced Solid 


A 30-in.-dia. reinforced-grain solid rocket has passed 
its first test firing in a $5.5 million Air Force program at 
the Rocketdyne Div., North American Aviation, McGregor, 
Tex., plant. Reinforcement is achieved by substituting wire 
for the metal powder additives used in solid propellants. 
The wire is wound into the grain in a method similar to 
filament winding. Propellant grains manufactured in this 
manner are able to contain high pressures and can be used 
with extremely thin, lightweight motor cases. Several motors 
will be tested with a thrust vector control system. The TVC 
system will combine with a submerged nozzle assembly 
and an omni-axial gimballed exit cone. The reinforcing 
program is aimed at high-performance upper stages and 
air-launched propulsion systems. Funding is directed by 
the Air Force Rocket Propulsion Lab, Edwards AFB. 


Steam Launching Perfected by Goodyear 


In reduced scale tests of a launch concept at Goodyear 
Aerospace Corp.’s Litchfield Park, Ariz., facility, concrete 
missiles weighing more than a ton have been launched 
200 ft. into the air by the steam produced from a single 
gallon of water. The launch system is based on an exo- 
thermic generator and forces water through a flow of hot 
particles created by the rapid burning of an exothermic 
material. Goodyear initiated the test sequence after devel- 
oping the generator in conjunction with Dyna-Tech, Inc., 
Tempe, Ariz. Pressures in the 20-in. launch tube reached 
only 60 psi, and maximum steam temperatures ranged 
from 300° to 500°F in the tests. Goodyear engineers say 
two separate commands are needed to actuate such a sys- 
tem instead of the single command sequence now used. 


Nuclear Brayton Cycle Proposed 


Aerojet-General Nucleonics and AiResearch Corp. have 
completed the conceptual design study of a 100-kw nuclear 
electric space power system they say is capable of 10,000 
hours of unattended operation. Based on the Brayton 
thermodynamic cycle, the system gets its power from a gas- 
cooled reactor that has a 760-kw thermal power with an 
outlet gas temperature of 1,500°F. Fuel is fully enriched 
uranium dioxide pellets clad in Hastelloy K tubing. The 
unit is being proposed to NASA and the AEC as an alter- 
native to the Rankine cycle SNAP units. 


SPACE MEDICINE 


Sports Stresses Scanned for Astronauts 


NASA’s Manned Spacecraft Center is funding studies 
to assess the effects of stress on healthy athletes, with em- 
phasis on the cardiovascular system. Athletes engaging in 
such sports as skiing, skydiving and sports-car racing have 
been monitored and tested before and after their activities. 
One result: A team of sports-car racers at Daytona Beach 
who participated in a grueling 12-hour race had cardio- 
vascular effects comparable to that experienced by Astro- 
naut Gordon Cooper in MA-9. Data procured will aid space 
medics in distinguishing vetween the effects of weightless- 
ness and the effects of stress in future spaceflights. 
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Soviets Outline Approaches 
To Construction of Bases on Moon 


TODAY NO ONE BELIEVES that 
flights to the Moon and its conquest are 
any longer a mattcr of the distant fu- 
ture. Recent achievements of Soviet and 
foreign science open continually new 
possibilities in the conquest of outer 
space and of other celestial bodies—in 
particular of the Moon. 

The Moon is characterized by spe- 
cific physical conditions entirely differ- 
ent from terrestrial ones. Therefore, 
many of the building methods used on 
Earth will be inapplicable on the Moon. 

Future design and construction of 
habitable shelters on the lunar surface 
call for the solution of a number of 
problems, which can be divided into 
three basic groups: 

Physical studies of the Moon, 

Testing of building materials and 
structures suitable for lunar conditions; 
and 

Development of functional means of 
communication in the shelters. 

Study of the surface layer will de- 
cide the shape and the structural layout 
of lunar buildings. 

The presence of natural shelters 
(depressions, folds, caverns), the pos- 
sibility of extracting oxygen and water 
from lunar rocks, the presence of na- 
tural heat sources—all these factors 
could considerably simplify the problem 
of building on the Moon. It is especially 
important to study the physical and 
chemical properties of lunar rocks with 
the view of using them as structural 
material. 

The builders must formulate their 
requirements for materials and struc- 
tural elements which might conceivably 
be used under the specific conditions 
on the Moon. Vacuum, various types 
of radiation, the action of meteoric 
bodies of various sizes and velocities, 
and temperature fluctuations impose 
very strict requirements on the lunar 
shelters. 

Elastic materials (films, mem- 
branes) well proved in ‘‘terrestrial” 
pneumatic construction may possibly re- 
quire protection from the negative ef- 
fects of the aforementioned factors. It 
will therefore be necessary to make spe- 
cial studies of stable materials on the 
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one hand, and of spccial protective de- 
vices on the other. 

Specialists in building materials are 
faccd with the solution of a self-con- 
tradictory task: to design an air-sup- 
ported and elastic structure which is 
at the samc time both rigid and stable. 

® More problems—In addition to 
the optimal selection of materials, it is 
already possible to outline certain prob- 
lems connected with the building and 
utilization of structures on the Moon. 
They are: 

—To provide airtightness; 

—To develop technology for fabri- 
cating structures or their components; 
—To develop assembly methods; 

—To develop methods for adding 
units, changing the configuration, re- 
placement of damaged parts, and ex- 
ploitation of the structures. 

In connection with the above a more 
general problem arises: namely, the 


IAF Paper Reflects 
Growing Lunar Interest 


THE PAPER translated and 
published on this page (in slightly 
condensed form) was presented at 
the Fifteenth Congress of the In- 
ternational Astronautical Federa- 
tion, held in Warsaw, Poland re- 
cently (M/R, Sept. 14, p. 16; 
Sept. 21, p. 16). 

Originally entitled “Architec- 
tural Problems as Applied to 


Building on the Moon,” it was 


written by Messrs. B. V. Zayon- 
chkovskiy, L. N. Lavrenov and 
B. G. Tarasevich. 

Although there are no start- 
ling new concepts in the paper, 
M/R is publishing it because it 
is perhaps the first such Soviet dis- 
cussion of Moon bases presented 
in an open conference. 

At the JAF meeting, incident- 
ally, USSR observers showed in- 
tense interest in all U.S. papers 
involving lunar landing and lunar 
bases. 


right solution of the ‘‘man-space” in- 
teraction, which means the best and 
most compact utilization of space as 
outlined below: 

—A convenient and efficient inter- 

connection of the separate parts of the 
whole; 
Reducing to a minimum the space 
used for communication only, while 
providing necessary comfort and safe- 
guarding technological requirements; 

—The most economic configuration 
of the complex which at the same time 
provides the maximum of comfort for 
the crew. 

There are many problems connected 
with the unusually low force of gravity, 
as well as the psychological effect on 
man of confined space, the effect of 
light color, the shape of the shelter, 
and finally, the absence of atmosphere 
and the danger from meteors and from 
ionizing radiation. 

It will be necessary to study to what 
extent the force of gravity will affect 
conventional planning, taking into ac- 
count the movements of man in space. 

If one temporarily disregards the 
possibility of using lunar material and 
natural shelters, then the shape and 
size of shelters will be, first of all, lim- 
ited by the weight and size of compo- 
nents to be transported there. Therefore, 
in the initial stages of Moon explora- 
tion it probably will be possible to use 
final stages of space rockets as living 
quarters. 

® Air-supported structures—Fur- 
thermore, considering the absence of 
atmosphere on the Moon and the trans- 
port problems this involves, the use of 
air-supported structures is of some 
promise. The special feature of lunar 
buildings will be a high inner pressure 
which, in combination with low gravity, 
will create entirely new conditions for 
such structures. 

It is obvious that the forces in- 
volved will be smallest when the shape 
of the structure is analogous to the 
evenly distributed forces. At the same 
time it is hard to imagine that the spher- 
ical shape (most suitable from the point 
of view of inner pressure) and having 
the least surface for the maximum 
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volume will in all instances satisfy the 
whole range of problems involved—the 
“geometry” of gravitational forces, fab- 
rication techniques, assembly methods, 
exploitation, replacement of compo- 
nents, adding new units, etc. 

Therefore, the study of the proper- 
ties of outer shells and their use in new 
extraterrestrial conditions is becoming 
a complex, but for the architect an in- 
teresting, task. 

In this case, modern architectural 
methods and theory may play an im- 
portant role. 

@ Choosing shape—One should 
bear in mind that assembly methods will 
affect the configuration of the structure 
and of its components. It is necessary 
to consider what shapes would give the 
simplest joints without wasting any of 
the usable space. It is essential to know 
all the design peculiarities of the given 
joining system. 

The following must be studied: 1) 
the range and feasibility of expansion; 
2) the geometry of components; 3) the 
effect of low gravitation; 4) inner 
changes when enlarging the strucure; 
5) communication and interconnection 
and a number of other questions per- 
taining to utilization of space in “ex- 
panding objects.” 

In addition, problems of air and 
water regeneration, the design of a 
closed ecological system, and problems 
connected with lower gravity will affect 
the planning and such layout of the 
shelters to which we are used on Earth. 
It will be useful to know in advance 
what special planning arrangements 
will have to be made to avoid conflicts 
in the various research programs. 

e Anthropometry—Of no less im- 
portance are anthropometric studies 
using modern measurement and control 
methods. It is clear that all dimensions 
of shelters, subcomponents and equip- 
ment should be chosen to suit man. Un- 
der lunar conditions the use of anthro- 
pometry becomes very important, first 
of all, because all dimensions will have 
to be reduced to a minimum, and sec- 
ondly, because of the change in the 
characteristic motions of man under 
unusually low gravity. 

We will try to demonstrate on an 
arbitrary graphic example—an artist’s 
conception (see accompanying illustra- 
tions) called “Stationary Research Sta- 
tion on the Moon’—how important 
such research is. 

This sketch and any of its elements 
are merely a concept. It was designed 
especially with the purpose of illustrat- 
ing the complexity of the problem and 
bringing up the salient points in the 
organization of such a project in space. 
The other purpose is to show that the 
solution of all these problems depends 
on the solution of the volumetric and 
spatial problem of such a structure. 

@ Protection—To protect the struc- 
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RESEARCH Complex: 1) power unit; 2) 
astrophysical unit; 3) biological unit; 4) 
transformer platform; 5) antennas; 6) 
Station. 


UTILS EU E TU Thy 


CROSS-SECTION of station: 1) working 
level; 2) living quarters; 3) “technical” 
level; 4) air lock. 


ture from meteors, the various types 
of radiation and temperature fluctua- 
tions, it will probably be necessary to 
lower it into the surface layer of the 
Moon. The cavity for it could be man- 
made (blasting techniques), or natural 
ones might have to be found. The struc- 
ture would be protected from the top 
by available material, to save weight. 
Only communication vents would pro- 
trude from the surface. 

The station itself would consist of 
a pneumatic structure attached to a 


central hexagonal rigid member. This 
central element would also serve as a 
communication shaft, with various plat- 
forms joined by a ladder. 

The elastic pneumatic structure 
would consist of a tough outer shell 
encasing the whole station, and of inner 
lighter shells forming the separate units. 

The air in this structure will not 
only supply respiration but will also 
be a structural element. It will provide 
constant support from within and keep 
the separating and carrying elements 
under tension. 

@ Floor plan—Under the cover of 
available material will be three segments 
of the station, one on the top of the 
other. The lowest level will be the 
“technical” floor. It will contain air 
and water regenerating systems, food 
stores, emergency water ration, emer- 
gency air supply and emergency elec- 
tric power units. 

Above it will be the living quarters, 
consisting of a number of units of iden- 
tical size. Some of them will be indi- 
vidual units for the crew, each two 
connected by emergency doors. The 
rest will contain a kitchen, a sanitary 
unit and other auxiliary installations. 

Above the “living” floor is the 
“working” floor with laboratories and 
a communication center. The upper end 
of the shaft will contain exits and hy- 
draulic locks (air-liquid-vacuum) which 
will give a minimal loss of air. On the 
surface will be containers with scien- 
tific apparatus, antennas and a power 
unit. 

In the solution of the design prob- 
lem the regenerating system will be of 
great importance. In what sequence 
should the air circulate through the liv- 
ing and working quarters? What should 
be the pressure at the various points? 
Much will depend on the solution of the 
problems with air in the overall design 
of the project. Design of safety and 
emergency measures will also depend on 
it. 

The correct solution of the space 
problem, from the psychological point 
of view, will be reflected in the selection 
of shape and dimensions of the quarters 
(variety and change). 

Such requirements may be in con- 
flict with other, equally important needs; 
the compromise will have to be found 
through architectural planning. 

In conclusion one should note that 
the problem is highly complex and can 
only be solved through cooperation of 
engineers with medical specialists, biol- 
ogists, architects and construction spe- 
cialists. 

The achievements of science pro- 
duce new problems for architecture, 
but its purpose remains the same. De- 
velopment of architecture on Earth was 
and is the history of active adaptation 
of man to nature and its subjugation 
for his own purposes. r | 
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international 


U.K. Program To Use Black Knights 


LONDON—Great Britain has an- 
nounced plans for a national space 
program intended to place 200-ib. satel- 
lites in 300-n.mi. circular polar orbits 
with modified Black Knight launch ve- 
hicles. 

Black Knight, which will be almost 
exactly 10 years old when its first or- 
bital mission comes along, has been 
fired 17 times successfully from Woom- 
era, Australia, with high-altitude scien- 
tific payloads. 

The vehicle, to be developed for 
its new role by Westland Aircraft Ltd. 
and Bristol Siddeley, is looked upon as 
a cheap answer to getting experience 
with space hardware in coming years. 

One interesting aspect of the pro- 
gram is that it follows generally the 
same time schedule for launching its 
first payload as does the European 
Launcher Development Organization 
(ELDO)—1967-68—but as recently as 
April British Minister of Aviation Julian 
Amery said it would be the Blue Streak 
first stage of ELDO that will open Brit- 
ain’s exploration and exploitation of 
space, 

For ELDO, the United Kingdom 
is supplying only first-stage hardware 
and no upper stage or payload hard- 
ware, while in Black Knight it has a 
complete space program. 

Amery apparently opted for a com- 
pletely national effort, instead of settling 
for a secondary role in ELDO involving 
obsolete hardware. Many British ob- 
servers are speculating that the Black 
Knight plans actually are several years 
old and have now been dusted off to 
enhance Tory prospects in the Oct. 15 
general elections. 

® Vehicle details—A _ three-stage 
vehicle, the new launcher will use two 
stages based on the present Black 
Knight’s liquid-propelled configuration, 
and a high-performance solid-fueled 
third stage. 

The liquid propellants are hydrogen 
peroxide and kerosene, burned in Bris- 
tol Siddeley Gamma Mk 201 rocket 
engines. First-stage engines will be a 
cluster of eight LPR, paired off so that 
thrust vector control around swivelled 
axes is possible. 

A pair of turbopumps will feed all 
eight engines, which the Minister says 
will be “derived from current Black 
Knight designs.” Overall diameter of 
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the first stage will be 78.75 in. 

The second stage, using the same 
propellants, will be powered by two 
thrust chambers similar to the first 
stage types, and gimballed to provide 
TVC. 


References to the new vehicle’s en- 
gines being “derived from” the current 
Black Knight Mk 201 liquid propellant 
rocket engines is viewed as an indica- 
tion that the Mk 301 LPR now being 
flight tested by Bristol Siddeley will be 
the actual powerplant. 

Two launchings with the Mk 301 
unit in the Black Knight vehicle have 
been successful, giving Bristol Siddeley 
confidence in the engine’s reliability. 
The firm says performance has increased 
substantially. 

The 54-in-dia. second stage will be 
topped by a spin-stabilized solid pro- 
pellant rocket motor, a modification of 
the motor now used as a final stage for 
re-entry experiments. Both the third- 
stage motor and the payloads will be 
mounted within fairings, to be ejected 
during second-stage burning when the 
vehicle is out of the atmosphere. 

® Guidance undetermined—As of 
the date of the announcement, the type 
of guidance to be used was unknown, 
but it is expected to be radio-inerital. It 
is believed that by the end of second- 
stage burning, the launch vehicle will be 
within tolerances and that radio correc- 
tion then can be made before command 
ignition of the third stage for orbital 
injection. 

Payloads are expected to be small 
battery powered satellites at first, car- 
rying small checkout experiments or 
scientific equipment, later being replaced 
by more complex packages as experi- 
ence is gained. The latter will fit into the 
Ariel satellite series in degree of com- 
plexity. 

The government has given develop- 
ment and testing of components and 
subassemblies as its prime motivation 
for inaugurating the program, now 
officially approved and funded. The ve- 
hicle’s development has been described 
as giving the UK “an urgently needed 
space tool” that will allow the nation 
to contribute more effectively to ELDO, 
European Space Research Organiza- 


tion (ESRO), and the World Satellite 
Telecommunications Systems. 

Design phase has now begun, and 
will be handled by the Saunders-Roe 
Division of Westland, as well as Bristol 
Siddeley for propulsion. Saunders-Roe 
developed the original Black Knight 
as a test vehicle for Blue Streak compo- 
nents when the latter was under devel- 
Opment as a weapon. 

Launchings of Black Knight from 
Woomera, the launch site for the new 
series also, have been handled by 
Hawker Siddeley Dynamics. 

Speculation on a name for the new 
launcher includes Black Baron and 
Black Prince, with the latter being 
favored. 

® Cost and schedule—Cost of the 
project has not been revealed by the 
Ministry of Aviation, but it will cer- 
tainly be far less than that for compara- 
ble payloads orbited by a booster using 
Blue Streak. Flexibility of the launcher 
will reduce its costs. 

Westland’s Managing Director E. 
C. Wheeldon said both his own company 
and Bristol Siddeley plan to contribute 
financially toward the project, but he 
did not give figures. He confirmed that 
first launches would probably take place 
“within three to four years.” 

The government’s hardware contri- 
bution will include the third-stage solid 
rocket, to be supplied by the Ministry 
of Aviation’s Rocket Propulsion estab- 
lishment at Westcott, Buckinghamshire. 

Great emphasis was placed by the 
government on the fact that the new 
vehicle is not being developed in com- 
petition or as an alternative to ELDO, 
but instead to make the UK contribution 
to ELDO and other organizations more 
effective. 

Black Knights most recent mission 
has been re-entry experiments in the 
Dazzle program at Woomera, for which 
the solid-propellant stage was fired in a 
downward direction to provide high- 
velocity re-entry. Although the solid 
propellant motor will be spin-stabilized 
for purposes of satellite launching, the 
eventual hope of the UK is that a com- 
pletely attitude-controlled satellite will 
be placed into orbit for command from 
the ground. This will rank with com- 
munication satellite experiments in the 
lead of future objectives. r 
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FEPECIAL REPORT: advanced displays 


Weak Point of Present Systems Lies 
At Computer Programming End of Chain 


Also needing improvement are film processing, presentation 
accuracy and flexibility of real-time system status or tactical- 
situation displays; market expected to grow slightly in decade 


LASER, electroluminescent, electro- 
static, and coherent fiber-optic systems 
are all potentially good approaches for 
future advanced displays. 

But today’s needs appear generally 
to be satisfied by conventional or state- 
of-the-art methods at the display gen- 
eration end of information or sensor 
systems. The weakness, according to in- 
dustry experts, lies with the computer 
programming end of the information 
chain. Problems now are generally re- 
lated to how to process a variety of in- 
puts, summarize, address, store and re- 
trieve data rapidly and reliably. 

Secondary, but nevertheless impor- 
tant, improvements are needed in film 
processing, presentation accuracy, and 
in flexibility of real-time system-status 
or tactical-situation displays. 

@ Market steady—Dollar estimates 
of today’s display market by industry 
are nearly meaningless—they vary from 
$200-450 million a year. The problem 
of estimating a market for such sub- 
systems is in not knowing where to draw 
the line. Does the display system begin 
with the computer interface, is it just 
the ultimate display generator, or does 


Special Report on 
Advanced Displays 


IN THE FOLLOWING pages, Mis- 
SILES AND Rockets Electronics Editors 
Charles D. LaFond and Rex Pay present 
an up-to-date survey of advanced display 
systems—for space and missile applica- 
tions and other fields as well. The first 
article covers the overall picture and the 
market outlook. The second (p. 31) re- 
ports on advanced techniques. Next (p. 
38) is a discussion of command and 
control systems, and finally (p. 43) a 
look at spacecraft cockpit equipment. 
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it include display call-up consoles, pro- 
grammers and other supporting equip- 
ment? 

Further complicating the market as 
far as dollars are concerned are those 
systems whose display or readout unit 
is an integral part of the system—such 
as radar or sonar displays. 

Display manufacturers, in general, 
look to a steady market over the next 
10 years, with only a slight growth tend- 
ency. 

Command and control system dis- 
plays, on the order of $1 million each, 
are expected to continue at the rate of 
25-30 a year for at least 5-10 years. 

The need for improved hardware in 
large numbers appears greatest for ve- 
hicular control—particularly for air- 
craft. 


Improved heads-up displays, verti- 
cal and horizontal situation displays will 
be needed. The trend, however, will 
certainly be for such units to be a part 
of an integrated avionics package. The 
two Navy programs, ILAAS (Integrated 
Light Aircraft Avionics System) and 
IHAS (Integrated Helicopter Avionics 
System), and the avionics systems for 
the Air Force and Navy versions of 
the F-111 (TFX) are typical examples 
of this approach. 

RFQ’s are expected soon for an in- 
tegrated cockpit display system for the 
Army from Ft. Monmouth and the 
Navy’s Office of Naval Research is ex- 
pected to issue RFQ’s soon for a ter- 
rain-avoidance radar display system. 

An unknown quantity now is the 
display requirement for upcoming 


Operations Center near Washington, D.C., shows status of terminals and circuits for the 
global military telecommunications system. The computer-fed display system, installed 
at three Area Centers as well as the National Center, was designed by Philco Corp. 
and International Business Machines. 
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manned spacecratt beyond Apollo. The 
Air Force Manned Orbiting Laboratory 
(MOL), will require both flight hard- 
ware and possibly a separate ground 
control center. Programs such as this, 
however, will not significantly change 
the market. 

Based on the number of current 
study and design contracts, Navy tacti- 
cal C&C systems seem to offer an ex- 
panding field for future display systems. 
Franklin Institute, Philadelphia, prob- 
ably the leading organization in the 
country in the field of C&C systems de- 
sign, now holds ONR contracts to de- 
termine requirements and design C&C 
displays for 12 Navy commands. These 
include systems for the operations cen- 
ters of CINCLANT Fleet, CINCPAC 
Fleet, ASW FORLANT, Alaskan Sea 
Frontier, CINCUSNAV Europe, and 
the First, Second, Sixth and Seventh 
Fleets. 

Radio Corp. of America is perform- 
ing a contract for Navy Electronics 
Laboratory, San Diego, Calif., to de- 
termine requirements and design a 
large screen display system as a part 
of a shipboard automated communica- 
tion system for use in the 1970's. 

Litton Industries, Inc., is perform- 
ing a simular study for the Bureau of 
Ships for updating the Naval Tactical 
Data System, but for earlier implemen- 
tation. 

e@ Programming considerations—In 
the face of the growth in complexity 
of the programming problem associated 
with present data display systems, there 
is a feeling that on-line programming 
will eventually become a feature of 
advanced C&C systems. The lack of 
experience with this kind of operation 
and the prospect of new untried com- 
puter operations being inserted into a 
mission make operating staffs extremely 
cautious about this development. 

As far as large-screen group dis- 
plays are concerned, enthusiasm is often 
expressed for the dramatic effects they 
can generate for the visitor’s gallery. 
Criticism of their performance, how- 
ever, is often strong among operating 
staffs. Part of the problem comes from 
the differing availability of informa- 
tion at individual display consoles. 

If an operator has a display console 
that will show on demand an aspect he 
requires of a mission, the large screen 
is not of much concern to him. On the 
other hand, if his personal display is 
limited, and the large screen is showing 
data of significance to him, his attention 
is divided and the limitations of the 
large screen—poor light contrast, low 
speed, and often low accuracy—become 
apparent. 

D. D. Meyer, group supervisor at 
Jet Propulsion Laboratory’s space flight 
Operations facility, has suggested that 
there is a need for an “electronic 
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blackboard,” a large wall display that 
can be seen by all people in a control 
room and can be altered remotely from 
any position in the room. 

This is perhaps an example of a 
particular environment generating a par- 
ticular requirement—habit plays a large 
part in subjective preference for dis- 
plays. In this case, it is perhaps a re- 
flection of the academic habit of dis- 
cussing things on a blackboard. There 
is, however, a school of thought that 
holds that such discussions are best 
held in support areas outside the main 
control center, or at least restricted to 
the personnel immediately concerned. 
This viewpoint is best satisfied by a 
switched TV system with a conference 
capability. 

@ Displays distrusted—A problem 
uncovered by Space Systems Division 
of the Air Force in its satellite control 
operations is that operators tend to dis- 
trust visual displays and prefer verbal 
messages. Attempting to get this verbal 
information is time-consuming and de- 


FLIGHT PATH Status Console, installed 
at JPL’s Space Flight Operations Center 
near Pasadena, Calif., shows two of many 
TV monitors that draw on data provided 
by over 100 Cohu TV cameras used in 
massive closed-circuit video complex. 


feats the object of the display. Only 
successful operating experience, how- 
ever, develops the necessary confidence 
for complete reliance on the visual dis- 
play. 

The computer read-out printer or 
teletype machine is still a basic essential 
in Operations control, but the state-of- 
the-art lags far behind required quiet- 
ness of operation. 

Rear Adm. L. D. Coates, Office of 
Naval Research, has identified as the 
next big step forward in use of compu- 
ters the ability to obtain help from the 
machines themselves in more rapidly 
formulating problems and finding meth- 
ods for solution. 


This can be accomplished by an on- 
line technique in which man and com- 
puter work together, feeding informa- 


tion back and forth to each other, the © 
man guiding the process. Inevitably the © 


success of the procedure depends heav- 
ily on the display system used . 

Bunker-Ramo Corp. has become a 
prime mover in development of special 
techniques of man-machine communica- 
tions, 

@ Man-machine link—The aim of 
the man-machine system is to have man 
make the complex decisions and have 
the machine assist him. To this end 
Bunker-Ramo is developing on-line pro- 


gramming to couple man and the ma-— 


chine more effectively. 

Primary problem at present in this 
type of operation is the inability of the 
commander to pose unprogrammed hy- 
pothetical questions of the form “What 
happens if I carry out such-and-such 
an action, and what numbers are in- 
volved?” 

H. L. Shoemaker, director of the 
B-R command and control systems 
laboratory, points out that these types of 
inquiries may very well involve the 
selective retrieval of information from 
the data base and that development of 
associative memory techniques will fa- 
cilitate the operation of displays in this 
manner. 

Shoemaker thinks that current cost- 
effectiveness Defense Dept. policies will 
lead to much closer scrutiny than in the 
past of whether refinements in C&C 
systems that call for additional compu- 
ter instructions are really needed. “I 
think that this will cause future systems 
to be considerably less sophisticated and 
rely more completely on man, rather 
than on complete automation of a ma- 
chine,” he says. This in turn will place 
heavy emphasis on flexible display sys- 
tems. 

e “Software” problems—The most 
difficult and challenging aspect of auto- 
matic data processing in C&C is not in 
hardware but in “software.” Fred A. 
Payne, deputy director (Strategic and 


Defensive Systems) Department of De- | 


fense Research & Engineering, has said 
that transition of software from devel- 
opment into operations is a major tech- 
nical problem. 


Speaking at the Ballistic Missile and 


Space Symposium, Payne warned of 
the difficulties facing advanced display 


systems: “‘Not only are the equipment — 


and programming problems more com- 
plex, but real psychological factors are 
added. . . . the information needed to 
make operational decisions is not easily 
quantized. The equipment and program- 
ming problems become staggering when 
we are faced with a need for flexible 
displays that can relate data from any 
of many files on very short notice... . 

“Decision-making staffs expect dis- 
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120-INCH SOLID PROPELLANT ROCKET SE 


SUBJECT: . 
AS BASIC POWER UNITS 


Company: United Technology Center 


Background: 
The segmented 20-inch diameter solid propellant rocket motor 
is being developed for the Air Force py UTC. Two five-segment 
motors will be used as the pooster stage of the Titan JII-C. 
Advantages: 
The 120-inch segments are simple, reliable, versatile, 
basic power units. 
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Further reference: 


plays without being clear why they want 
them, or appreciating the restraints 
which elaborate machine-generated dis- 
plays may impose on their normal free 
way of doing business.” 

Taking an overall look at informa- 
tion displays for aerospace surveillance, 
Curtis E. Wolfe, USAF Air Defense 
Command, has pointed out that the 
best and most efficient surveillance 
system will not achieve its purpose un- 
less it can rely on an integrated infor- 
mation system incorporating display 
capabilities that are responsive to the 
commanders. He feels that the state of 
the art in individual and group displays 
has not achieved the ultimate in infor- 
mation display requirements. He fore- 
sees a need for electronic displays with 
multicolor performance, multiformat 
capability, alphanumeric data presenta- 
tion, adequate brightness, and 1,000- 
3,000-line resolution. 

@ Use of color—Color in displays 
is a subject for heated discussion. While 
it can have an extremely important role 
in speeding assimulation of informa- 
tion, it can also generate confusion if 
misapplied. Problems of color blindness 
and subjective response to color also 
arise. 

In some cases, the advantages of 
color can be very clear. Experiments 
reported by GPL Division of General 
Precision, Inc., show that in counting 
different military symbols (ships, air- 
craft, radars, etc.) on a map-type dis- 
play, differentiation of the symbols by 
color produced a 69% increase in speed 
and 76% fewer counting errors. 

GPL, for example, has developed 
the LentiColor system, which presents 
original black and white film images 
in full color through a single lens sys- 
tem. Briefing slides are available in 15 
seconds by this process. The DataColor 
system, also developed by GPL, presents 
a similar capability for television sys- 
tems: standard black and white vidicon 
cameras view black and white or color 
objects and present the subject on color 
television displays. 

Five or six colors are the practical 
limit for the eye operating without ref- 
erence to a color code. Each color is 
arbitrarily selected according to the 
brightness of the subject. For instance, 
dark portions might be shown in red, 
medium shades in blue, and light shades 
in green. 

A sometimes-neglected aspect of 
displays, which nevertheless influences 
military procurement considerably, in- 
cludes logistics, operating cost, and 
availability of the equipment. 

The normal military logistics prob- 
lem is in many ways compounded by 
the necessity of high logistic support 
in the form of expendable film and 
chemicals to keep displays going. Oper- 
ating costs are influenced the choice of 
film and chemicals and also by the very 
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high cost of components with relatively 
short life, such as xenon lamps and 
cathode ray tubes. 

Trade-offs, such as film cost and re- 
useability, cathode life and replacement 
time, and the decision to re-use or 
throw away chemicals, are highly criti- 
cal. The Air Force has recently under- 
taken a program to obtain data and 
quantify considerations such as these. 


@ Command & Control—Ad- | 
vanced display systems today form an~ 


integral part of all large information 
systems—whether the output be merely 
printed text, tabular data or a multi- 
colored, multi-functional dynamic situ- 
ation display. 

For convenience, C&C display sys- 
tems can be separated into three areas 
—strategic military systems, tactical 
military systems, and missile/space con- 
trol-center systems. 

In general, the greatest need today 
for C&C displays is not for more exotic 
or more complex readout generators 
but rather for improved data processing 
and addressing. To generalize further, 
the need is more on the programming 
side than on the equipment side. 

ADP software improvements, say 
industry leaders, are most needed for 
strategic systems, in which the present 
display state of the art is sufficient. Pre- 
cision needs exceed short time response. 
However, as the need for faster response 
time and flexibility increases for tacti- 
cal or launch operations, so does the 
need increase for better display systems. 

@ Standardization lacking—Dr. Carl 
A. Silver, a leading scientist in the 
field of strategic C&C display system 
design criteria at the Franklin Institute, 
likens display in this field to that of the 
computer field 10 years ago. Systems 
and subsystems have not yet found any 
level of standardization. Many displays 
and different techniques are in use or 
are being developed and most have 
the same system objectives, says Silver. 

Out of all these, only a few major 
techniques will survive during the next 
five years, he predicted. 

For C&C systems today, four princi- 
pal types of group displays are receiv- 
ing most active development: 

—Projected, using a photographic 
film or selenium plate as a stable light 
modulator. 

—Electromechanical, including large 
digital X-Y printer plotters, WVu-Graph 
scribers for overhead projection, alpha- 
numeric drums and matrices. 

—Electroluminescent panels, offer- 
ing full color, large surface and high 
brightness. 

—Electrostatic, including  oil-film 
light valves and thermoplastic record- 
ing/ projection. 

Projected displays are presently 
state of the art and are available in 
many forms. Emphasis here is in im- 


proved film and processing and in up- 
dating, storage and retrieval of slides— 
all efforts centered on reducing response 
time. 

Electromechanical systems offer rel- 
atively slow response but quite accurate 
location and track data. While they 
avoid the problems of film handling 
and processing, they are inherently sub- 
ject to mechanical wear and breakdown. 

Electroluminescent displays offer po- 
tentially great simplicity, the opportun- 
ity to bypass projection, since the image 
surface is both light source and modu- 
lator, and an inherent reliability. (Con- 
trary to early developers’ huckstering, 
electroluminescent panels are subject to 
degradation, although they are not sub- 
ject to catastrophic failure in the normal 
sense. ) 

Practical large systems are still sev- 
eral years away. New phosphors are 
being studied to improve brightness 
and multicolor and modulation meth- 
ods are receiving the greatest develop- 
ment effort. 

Electrostatic systems are now avail- 
able for low ambient lighting display 
conditions but much more development 
is needed for use in higher lighting 
operating areas. They offer good re- 
sponse time and film recovery, but 
brightness and resolution must be im- 
proved before systems find broad ac- 
ceptance, 

@ Individual displays—Most hard- 
ware progress is being made in displays 
for individual operators, notably by the 
use of switched television monitors to 
present computer-sorted information. In 
these, several operators have access to - 
the same data base, but each can select 
his own display information, presented 
in a format most useful to his needs. 

A further refinement may be the 
ability of several operators to call up 
the same display on their individual 
monitors, and, with the aid of an elec- 
tronic pointer, discuss various features. 

Main problem area in this type of 
display lies in programming the com- 
puter system that drives it. This is be- 
coming an increasingly complex task 
as the need to call up data in very 
flexible categories increases. Unfortu- | 
nately, this tends to be an important re- 
quirement in advanced display systems. 
It is difficult for mission controllers to 
predict exactly what categories of in- 
formation they will require on a display 
when, in many cases, they have only 
general experience with the mission they 
will be controlling. 

The state of the art of data bases 
and displays has advanced rapidly over 
the past two years, but there is no oper- 
ational experience available in many in- 
stances to indicate how this art should 
be applied. The result is a cautious ap- 
proach to individual data-display sys- 
tems, with emphasis on flexibility and a 
capability to expand. r 
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SPECIAL REPORT: advanced displays 


Variety of Techniques Holds Promise 


Different display requirements are fostering numerous solutions, some 
straining state of the art; use of lasers foreseen; 3-D units disappointing 


DURING THE NEXT few years 
advanced displays will make increasing 
use of electroluminescent panels, light 
valves, thermoplastic tape recording and 
projection, fiber optics, and photo- 
chromics. 

Research work is continuing in even 
more exotic approaches, including laser 
displays and three-dimensional image 
presentation. The latter so far have not 
shown sufficient potential to warrant 
much government R&D support. Ap- 
plication of lasers to displays is now 
only in the embryonic stage. 

Dynamic plotting projecting displays 
are now coming into wider use and it 
is expected that intensive R&D will 
produce a whole range of graphic 
generating devices for large displays. 

The following summarizes the state 
of the art in each of the major areas 
of advanced display techniques. 


SCHEMATICS show (left) a typical light valve projection system and (right) the 
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Electroluminescence 


Main advantages of electrolumines- 
cent displays that are spurring their 
development are high reliability and low 
power consumption. Problem at present 
is low resolution. 

The promised advantages would pay 
off in spacecraft, but it is in this appli- 
cation that small, high-resolution dis- 
plays are essential. Main area of re- 
search still lies in the examination of 
phosphors to get increased brightness, 
resolution and response. 

There has been considerable progress 
in the past two years in getting suffi- 
cient brightness, in developing multi- 
color displays, and in increasing resolu- 
tion. But resolution is not good enough 
yet for spacecraft use, by an order of 
magnitude. It may be five years or more 
before EL displays become as good as 
present-day TV displays, which are al- 
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ready becoming more of a high-reli- 
ability device than is generally believed. 

A basic EL panel consists of a thin 
film of EL phosphor in ceramic dielec- 
tric, sandwiched between two thin trans- 
parent conductive films, the whole struc- 
ture being less than 0.01 in. thick and 
deposited on a glass substrate. Display 
has no parallax and no catastrophic 
failure mechanism such as filament 
tubes have, but the brightness of the 
display decays with use. Typically the 
half brightness level is reached after 
1,000 hours. 

First use of EL is to frame instru- 
ments and provide simple indicators, 
replacing filament lamps. 

® Other EL’s—More complex is the 
segmented vertical display, or thermom- 
eter type. In this the top of an illumin- 
ated column is the readout point. This 
can be used to indicate velocity or 


principle of thermoplastic recording. 
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stored propellant reserve, for example. 
Resolutions of 30 lines per inch are 
about optimum for this type of display, 
but higher resolutions can be produced. 
A digital input is needed. 

Most complex is the crossed-grid 
x-y panel, in which individual elements 
at any point in a rectangular display 
can be switched on to form a wide 
variety of patterns. A million elements 
might be needed and access is a prob- 
lem. Chief approach is to apply half the 
energizing voltage to the selected x-line 
and half to the selected y-line. Theo- 
retically, this should produce a point 
of light at the intersection of the lines. 
Usual result is for each complete line 
to give out some light. 

To overcome this, the suppressed 
EL display has been developed, which 
incorporates an additional non-linear 
resistive layer between phosphor and 
electrode strip. This suppresses un- 
wanted light, but the manufacturing 
process restricts resolution to about 10 
lines per inch. Panels of this type are 
being developed for group displays with 
an area of about 30 sq. ft. 

One problem with cross-grid dis- 
plays is the need for high-speed activa- 
tion and refreshment, for which a nan- 
osecond computer has been suggested. 
Justification for using such a computer 
would depend on its being needed for 
other tasks as well. 
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@ Piezoelectric displays—To avoid 
this switching problem, EL piezoelec- 
tric displays have been proposed. In 
these, the phosphor is deposited on a 
wedge of a material such as BaTiOs. 
A spot of light can be moved across 
the wedge by varying the frequency 
of the excitation voltage: the energizing 
voltage is enhanced where the thickness 
of the wedge is such as to resonate with 


the applied signal. Feasibility of this 


technique for TV-type displays has been 
shown, but extensive research is needed 
to produce phosphors operating in the 
megacycle region. 

Sylvania is said to be the recognized 
leader in EL displays, but Lear Siegler 
seems to have moved forward faster 
with applications, producing EL light- 
ing displays and thermometer-type dis- 
plays. 

Autonetics Division of North Ameri- 
can Aviation is investigating piezoelec- 
tric generation of the controlling volt- 
age of EL displays. Localized areas 
of high field intensity are created by 
strobing an acoustically generated volt- 
age pulse as it travels along the length 
of an electroluminescent strip. A faster 
scan is accomplished by combined phase- 
modulated strobing and channel-strip 
switching. One-mm images require 
pulses of about 0.3 microsec and the 
aim of present research is to de- 
velop a more sensitive panel for such 
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short excitation times. 

Autonetics is also concerned with 
image enhancement by use of photo- 
conductive-electroluminescent light am- 
plifiers, to improve low level signals in 
brightness and contrast and convert out- 
puts to wavelengths of high luminosity. 
In addition, work is also in hand on the 
subjective generation of multiple colors 
from a monochromatic EL display. Five 
distinct colors have been produced from 
a single yellow source to date. 

Others in the field include RCA, 
Penn Keystone Corp., Westinghouse 
Electric Corp., Lincoln Laboratory, 
General Precision, Inc., and General 
Dynamics/ Electronics. 


Electroflors 


Electroflors are liquid phase mate- 
rials that flouresce or change color when 
activated by small electrical currents. 
Possible configurations for display ap- 
plications are large single cells, single- 
dot displays, multiple-dot configuration 
displays, flat-plate matrix displays, and 
three-dimensional tank displays. 

A matrix display of the crossed 
electrode type was produced by Electro- 
flor, Inc., for the Air Force. It showed 
spurious light in a way similar to the 
unsuppressed luminescent crossed-grid 
display. A solution is to use anodic 
electrodes, but the image produced can- 
not be removed electrically—it must 
be allowed to decay over its normal 
afterglow period. 

Limitations of electroflors include 
slow response time (usually more than 
0.01 sec.) and the need for complex 
circuitry for switching data into com- 
plicated displays. Potential advantages 
include visibility under bright ambient 
illumination, ease of shaping displays, 
availability of several colors, require- 
ment for low energizing voltages and 
currents, color indications that remain 
for an afterglow period up to several 
minutes, and production of large dis- 
plays with small thickness. 

@ Electrostatic techniques—Two 
considerably different display ap- 
proaches using electrostatic forces to 
impress information on a material sur- 
face by deformation are now receiving 
considerable attention in industry. One 
is the light valve, using an oil film as 
the medium, and the other is thermo- 
plastic tape recording. 

For projection, both use modified 
Schlieren optical systems. 

Two general approaches are used 
today for light valve (or control layer) 
devices: Theater Network Television, 
Inc., produces a commercial system 
wherein light is reflected from a spheri- 
cal oil-coated mirror; General Electric 
Co. is developing systems for military 
use that transmit light through an oil- 
coated disc. 

An electron gun, in both techniques, 
is used to lay down a charge pattern in 
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Test the big loads...and at hig displacements 


“UE TEST EQUIPMENT NEWS 


on MB Hydraulic Shaker Systems 
(and save hig money, too) 


MB Hydraulic Shaker Systems 
can perform vibration tests at ex- 
tremely high forces and high dis- 
placements in the low to intermedi- 
ate frequency range. These shakers 
can vibrate loads of 100,000 pounds 
and heavier. Combinations of excit- 
ers can be programmed to provide 
vibratory motion automatically in 
any combination of planes or de- 
grees of freedom. 

Save money, too. For many appli- 


cations the cost of hydraulic shakers 
is substantially less than electro- 
dynamic shakers. For tests requir- 
ing forces on the order of 100,000 
lbs., the cost advantage can be 5 to 
1, or more. To these advantages, add 
MB’s complete check-out service. 
Write for a new hydraulic shaker 
booklet: MB Electronics, A Division 
of Textron Electronics Inc., 781 
Whalley Ave., New Haven, Conn. 
06508. 
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MB ELECTRONICS 


1844/Morse - First telegraph message sent. 


telephone 
call. 


1941/NBC ~First commercial television. 


1963/HUGHES and NASA- 
First successful synchronous 
satellite stationed over 

the Atlantic. 


On September 11, Syncom became the 

first satellite to be “parked” over the Pacific 
Ocean. From its position, 22,300 miles high 
over this vast expanse, it brings to practical 
reality a dream of ages — giving mankind 24- 
hour, uninterrupted trans-Pacific TV and 
radio communications. 
One of its first achievements will be to bring 
you the 1964 Tokyo Olympics “live,” not on 
film. Built by HUGHES for NASA, this 
satellite is another step forward in the devel- 
opment of a satellite communications system 
which will be affordable by all the nations 
of the earth. 


September 11, 1964/ 
HUGHES and NASA-Syncom opens 


first 24-hour TV and radio communications 
between the Far East and the West. 


An earlier Syncom has been operating suc- 
cessfully for more than a year. Next year, a 
HUGHES Syncom-type satellite will be put 
over the Atlantic for the Communications 
Satellite Corporation. As the first publicly 


HUGHES AIRCRAFT COMPANY 


1858/Field— First trans-Atlantic cable laid. 


1876/Bell—-The first 


1901/ Marconi-— First wireless 
sent across the Atlantic. 


Products like Syncom, devised to let mankind 
share in the fruits of science, illustrate how Hughes is 
creating a new world with electronics. 


owned satellite, it will bring the continent 
of Europe close as your telephone and tele- 
vision set. Engineers and scientists are in- 
vited to inquire about careers at Hughes — 
an cqual opportunity employer. 


the oil. Electrostatic forces between the 
charges and a conducting base layer 
create depressions and adjacent ridges. 
The sloping ridges refract light around 
an aperture disc. Light rays striking 
a non-deformed area are directed to- 
ward and blocked by the aperture disc. 
Refracted rays are collected by a lens 
in the projection system and the re- 
sulting focused image on the screen re- 
sembles that produced by conventional 
CRT. Image persistence depends on 
rate that the deformations subside. 

In thermoplastic recording and pro- 
jection systems, an electrostatic charge 
pattern generally is formed with an elec- 
tron beam in a thermally softened sur- 
face—analogous to a silver-halide latent 
image. Tapes are recoverable. Ap- 
proaches, however, vary considerably. 

Litton Data Systems and Omni- 
tronics, Inc., use a CRT whose faceplate 
is pierced with a series of conductors 
to form a charge pattern directly on 
the tape. No precharge of the storage 
medium is needed and no photocon- 
ductor is needed. Definition is limited 
by the faceplate wire spacing and also 
to image blooming due to use of the 
large beam, capacity between wires, 
ionization, and other anomolies. 

Xerox and RCA devices lay down 
an even charge first, then dissipate the 
charge under controlled conditions by 
means of a photoconductive layer ex- 
posed to an optical image. The technique 
is more complex but definition is limited 
only by the optical system and the graini- 
ness of the processing step. Exposures 
can be made at 10* symbols/sec. 

General Electric uses a crossed 
matrix of conducting lines—one set 
under the thermoplastic and one above 
in air. Charges are deposited only at 
line intersections. Present capability is 
up to 500 dots per linear inch. 

With the above systems, images are 
developed either by toning with the 
deposition of colored dust or by deform- 
ing the thermoplastic to redirect light. 
The former, used by Litton, is best for 
line drawings or for large area outlines. 

With thermal deformation, defini- 
tion is high. General Electric, RCA, 
and Xerox employ this method. 

Omnitronics tones with tiny glass 
beads achieving a 41/1 control. The ap- 
proach requires reflective optics and 
Schlieren stops. 


Three-dimensional Displays 


Three-dimensional displays form two 
main groups—volumetric displays and 
illusory displays. 

Volumetric displays use the intersec- 
tion of guided energy in three-dimen- 
| sional space. At the point of intersection 
the energies sum to produce light. 

For low data rates, movement of 
| particles in a volume has been proposed. 
‘Typical of such devices is Chrysler’s 

inked servo-driven stylus moving in a 
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volume of gelatin, which operates at a 
low data rate and handles few targets. 

Electroflor, Inc., has suggested use 
of a tank of clear electroflor liquid in 
the form of a soft gel. A color-forming 
electrode is carried around in the gel by 
a system of racks and pinions. As the 
electrode moves through the tank, it 
produces a trail with a brightly colored 
head and a tail that fades rapidly. 

To handle more realistic data rates, 
volume scanning by a flying spot has 
been proposed, Attempts to produce 
glow spots at the intersection of cross- 
wire matrices in a gas have not had 
much success because of low resolution, 
vision blockage by wires, and switching 
and wiring complexities. An alternative 
approach, stacking several transparent 
CRT’s in depth suffers from limited 
depth resolution and multiple reflection. 

A more promising approach is to 
use a screen or surface that rotates or 
oscillates through a fixed volume. A 
point of light is produced on the screen 
either by direct energising, such as in 
an electroluminescent display, or by 
means of an optical system. 

A primary screen system using a 
non-suppressed EL cross-grid matrix 
panel is being developed by Avco. The 
screen rotates at about 20 rps about its 
vertical axis and a bright spot is pro- 
duced at the intersection of selected en- 
ergized lines. Electronic pulse gating of 
the panel produces a display of moving 
spots of light in three dimensions. 

The developmental model requires 
about 17 watts and no special optics, 
but use of an unsuppressed EL matrix 
Means poor resolution and poor light 
output characteristics. Also, the slip-ring 
connector to panel has limited life. 

ITT is developing a secondary-image 
display in which an image from a high- 
intensity CRT is projected onto a rotat- 
ing screen by optical means. 

GE uses a specially shaped screen 
illuminated by a high intensity light 
source, A scanning mirror directs the 
beam to any desired point on the rotat- 
ing screen, and a shutter system enables 
display of up to three targets. 

All three of these displays have reso- 
lution problems and poor light intensity. 

A special problem is, in fact, posed 
in obtaining resolution in depth, because 
this depends not only on the display, 
but also on the ease with which the eye 
can perceive resolution in depth. Many 
of the perceptual aspects of volume dis- 
plays have not been evaluated, and these 
may in fact be the very aspects that 
limit the value of 3-D techniques. 

@ 3-D drawbacks—lIllusory three- 
dimensional displays usually have one of 
two disadvantages. Either the observer 
must occupy a rigidly fixed viewing po- 
sition, or he must wear glasses. Also, 
some people simply cannot adapt to the 
stereoscopic presentation. 


Stereoscopic displays of radar data 
have been developed by Hughes Air- 
craft and others. In the Hughes sys- 
tem, two direct view storage tubes pre- 
sent the same scene as seen from two 
different positions. Polarizing filters and 
silvered mirrors are then used to project 
a different image to each eye. To per- 
ceive the resulting visual parallax, the 
operator must wear polarized glasses. 

Another scheme uses a half-silvered 
mirror attached to a headband so as to 
be very close to the operator’s eyes. 
Two one-inch CRT’s are held alongside 
the man’s head by the headband so that 
he sees enlarged images when he focuses 
to a distance less than a foot. The two 
images are a stereoscopic pair, produc- 
ing an illusory three-D image. When the 
operator focuses beyond one foot, the 
images are said not to interfere with 
his view of distant objects. 

® View without a window—Another 
class of three-dimensional displays are 
the optical systems used to present a 
view of the real world to the occupants 
of a spacecraft without incurring the 
structural penalty of large window areas. 

Marquardt is investigating tech- 
niques for application of its “Wuemarq” 
system for aerospace vehicle visual sim- 
ulation requirements. The system is said 
to produce high resolution, distortion- 
free images with a field of view ap- 
proaching that of a complete sphere. 
Two mirrors that have conic sections of 
revolution with reciprocal eccentricities 
are used. The mirrors share a common 
focus and a common axis and have an 
optical stop that passes only the rays re- 
flected through the common focus. 

For the simulator display, the light 
magnification of a camera-projector sys- 
tem is used to give a bright image, a 
field flattener being used to focus the 
image over a flat piece of film. 

Field of view is about 360 degrees in 
azimuth by 270 degrees in elevation. 
The image is presented as a virtual im- 
age focused at infinity rather than as an 
image displayed on a screen or CRT. 
This enhances the simulation of depth, 
perspective, and spatial orientation. 

Studies on the visibility required by 
a pilot for the various phases of flight 
are being carried out by the NASA 
Flight Research Center, Edwards AFB, 
Calif. First tests were made with about 
40 flights in a two-place light aircraft, 
a U.S. Army L-19, fitted with two wide- 
angle monocular telescopes. This pro- 
gram is being extrapolated into tests 
with an F-104B, the low L/D of which 
approximates that expected of ground- 
landing spacecraft. The optical system 
is being further developed by replacing 
the two viewing eyepieces with a spheri- 
cal mirror with a large exit pupil, which 
will enable the pilot greater freedom of 
head movement, while still seeing the 
outside world. a 
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SPECIAL REPORT: advanced displays 


Digital Computer-TV Displays 
Gaining Favor for Operations C&C Use 


Fast, selective access afforded outweighs higher costs and complex 
programming; large screen displays remain popular in some roles, 
but ambient light is problem; individual installations discussed 


DISPLAY SYSTEMS in operations 
command and control are tending to- 
ward greater use of digital computers 
coupled to television display systems. 
Chief advantages of this technique are 
rapid and selective access to informa- 
tion. Problems are the complex pro- 
gramming needs of such systems and 
their increased hardware costs. 

In switched television systems that 
rely on character generators coupled to 
a central computer, large screen displays 
are becoming of less value. In less com- 
plex systems, the large-screen display 
still has an important role. Chief criti- 
cisms from users of such displays have 
revolved about their slow speed, poor 
viewing characteristics and unreliability. 
Recently, improvements in reliability 
and response time have been made, but 
ambient illumination still presents a 
problem. 

To best show current state of the art 
in displays for C&C-type systems, a few 
of the major approaches, now either in 
being or about to be, follow. These 
typify use of current technology, for 
among these systems may be found the 
successful, the not-so-successful, and the 
untried. 


Missile/Space Displays 


@ Manned Spaceflight Control Cen- 
ter—Main feature of the Manned Space- 
flight Control Center is the provision of 
two independent Mission Operations 
Control Rooms, each with a full com- 
plement of displays and computer fa- 
cilities. Emphasis has been given to use 
of a large digital computer (IBM 7094) 
as a basic means of initiating and gen- 
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erating displays. All functions not ini- 
tiated by push buttons are initiated by 
a computer. For example, about 5 kw 
of pilot lights are turned on by the 
7094, this being considered the cheap- 
est way to carry out this function. 

Principal contractor for the MSCC 
is Philco/ Houston, with computer pro- 
gramming being supplied by IBM. Each 
MOCR has about 17 individual display 
consoles, each carrying two 14-in. high- 
resolution television monitors. At the 
end of each room are large-screen group 
displays, similar to those used in the 
Mercury program. 

As yet, detailed features of the 
Apollo displays have not been worked 
out. Much depends on the experience 
gained with large scale simulation of 
MSCC operations and with the Gemini 
flights. The design of the MSCC has 
emphasized flexibility in display presen- 
tation, and sufficient capacity is believed 
to be available to plot anything that is 
needed, although there is a limit on the 
input rate for radar data. Studies are 
under way to see how the three-dimen- 
sional trajectory to the Moon can be 
best represented. 

There are two projection plotboards 
in the group displays. One will be used 
for spacecraft altitude versus distance 
plots, flight path versus velocity rate 
plots, and impact point plots. The other 
will be used during launch to display 
plots of Gemini launch vehicle trajec- 
tory quantities. An eight-spot projection 
system supplied by Ling-Temco-Vought 
is used, the spots being computer driven. 

On either side of the projection plot- 
ting displays are located 945-line pro- 
jection television displays, supplied by 


Theater Network TV, Inc. The pictures 
can be mixed with background slides 
and computer data. 

There are in fact three television dis- 
play systems in the MSCC: the pro- 
jection displays, the console displays, 
and large TV monitors to show time. 

The major part of the information 
for the console monitors will originate 
from  character-generator equipment 
supplied by General Dynamics/Elec- 
tronics. There are 56 digital/TV con- 
verters in the MSCC that convert com- 
puter information to a visual display by 
means of Charactron tubes. A closed- 
circuit TV camera views the tube dis- 
play, on which 35-mm slide file data 
can be superimposed. Images from these 
cameras are routed through a 20-mc 
wideband switch to the consoles. 

Presentation at the console monitors 
is by means of characters positioned on 
a 1,024 by 1,024 grid, slides providing 
tabular backgrounds. Other types of dis- 
plays that can be selected are meter 
displays and analog plots. 

@ Space Flight Operations Facility 
—Data entering JPL’s Space Flight Op- 
erations Facility, used to control lunar 
and interplanetary spacecraft, is proc- 
essed by an IBM 7094 and routed by 
an IBM 7040 to the appropriate per- 
sonnel. Final information may be 
printed or plotted in user areas or dis- 
played on a large mission status board. 

Subsequent routing and display of 
this information is carried out by a 
closed-circuit television system utilizing 
100 Cohu Kin Tel miniature cameras. 
On-line digital data are plotted by DY- 
6260 data plotters built by Dymec Divi- 
sion of Hewlett-Packard. Printed data 
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are produced by S-C 3070 Electronic 
Printers developed by General Dynam- 
ics/ Electronics. These provide copy at 
speeds up to 5,000 words per minute 
and make use of Charactron shaped- 
beam tubes. 

Nineteen display and control con- 
soles with TV monitors are located 
throughout the SFOF: seven in opera- 
tional areas, three in technical areas, 
and nine in control areas. As well as 
relaying printed and plotted data. 

The Mission Status Board forms a 
special display running the length of a 
40-ft. wall at the forward end of the 
Operations area. This can display the 
status of two missions simultaneously 
and makes use of about 5,000 electro- 
mechanical digital display units made by 
CBS Laboratories. These are designed 
for optimum TV camera pick-up. Re- 
mote control and posting of these dis- 
plays is carried out from a Data Proc- 
essing Control Console. 

Also in the wall display is a pro- 
jection television screen, which shows 
enlarged TV pictures or slides. 

Data processing system inputs and 
outputs are handled by input/output 
consoles supplied by Tasker Instruments 
Corp. A variable-message display in 
these makes use of a row of four small 
rectangular CRT’s to display a total of 
72 alphanumeric characters along one 
horizontal line. A Tasker symbol gen- 
erator produces the characters. 

A display peculiar to SFOF is the 
Spacecraft Functional Model. A minia- 
ture model of a spacecraft is mounted 
in a platform free to move in pitch, 
roll and yaw. Located in a hemispherical 
room representing one half of the celes- 
tial sphere, the model shows the space- 
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craft’s actual resulting flight attitude. 

@® NORAD 425L command and 
control system—The NORAD 425L 
system makes use of off-the-shelf com- 
ponents and relies heavily on the tele- 
vision presentation of data. All dis- 
plays are constructed by sampling a 
common data base that is under control 
of the main computer program. 

Consoles are constructed so that 
they can serve any operator. Display 
make-up and selection is accomplished 
by a general purpose keyboard and ap- 
propriate overlays. 

Three main types of displays can 
be selected. The first is a situation dis- 
play containing information oriented on 
specific geographic areas. These dis- 
plays are selected by use of “category” 
and “feature” logic. Categories are a 
combination of similar elements, such 
as air bases or flight tracks. A feature 
is a piece of information that describes 
the elements in a category, such as 
base weather or track altitude. Also, 
categories may be filtered with respect 
to some features by switch action. 

The second type of display is the 
tabular display that appears in a fixed 
reserved area on the display tube face. 
These carry dynamically updated tab- 
ular information. 

The third type of display are those 
under program control and fixed in 
format and content. This allows con- 
ference displays, in which the same 
display is shown at two positions, with 
an electronic pointer provided to aid 
discussion. It also enables higher eche- 
lons to consult the data base directly 
and discuss a specific topic with the 
responsible operator. 

Wall displays in the 425L system 


JET PROPULSION LABORATORY’S 
Mission Control Area, Space Flight Op- 
erations Facility, employs generous mix of 
large-scale wall displays for tabular read- 
out and real-time TV monitors. All are 
computer-directed and -controlled. 


are a projected image of a console dis- 
play with the addition of color coding. 
The contents of the wall displays can be 
controlled by any designated console. 

@ SPADATS—The main display at 
NORAD’s Space Detection and Track- 
ing System (SPADATS) is of the large 
menu-board variety, carrying alpha- 
numeric symbols that are positioned 
manually. A picture of this board is 
piped via closed-circuit TV to the 
neary Combat Operations Center. 

A more complex display system may 
be used in the future if SPADATS be- 
comes equipped to provide warning 
of hostile activity in space, to show 
threat potential of unfriendly space- 
craft, to provide space traffic control, 
and to support anti-satellite weapons. 

® Shipboard Satellite Display—The 
Navy is evaluating a shipboard system 
that stores orbital data on 100 selected 
satellites and presents a display of the 
present and future track of any 10. 

Developed by the Naval Research 
Laboratory, the Satellite Position Predic- 
tion and Display equipment (SPAD) 
enables satellites to be selected for dis- 
play according to their origin and func- 
tion. Computation of orbits is carried 
out by a TRW-300 computer. 

Orbits of satellites are displayed on a 
world map. The operator can also ex- 
pand and offset the display about a 
selected satellite. Display generation is 
by means of a Charactron tube. 

Ship’s position, course, and distance 
made good are shown on the display. 
Alongside each satellite are located sym- 
bols showing category, velocity vector, 
track number, and altitude. 

® New Satellite Test Center Dis- 
plays—A two-year program for aug- 
menting the capabilities of the Air 
Force Space Systems Div. Satellite Test 
Center at Sunnyvale, Calif., is leading 
to development of a new automatic 
data handling system. Inherent in this is 
the pursuit of an improved display 
capability, which will be based on the 
use of television displays operating in 
conjunction with character generators 
tied to a central digital computer. 

The system will probably receive 
funding in FY’65 and 66. 

SSD notes that a problem with alpha- 
numeric displays in the past has been 
that they tend to load up the computer 
and so reduce data processing time. 

Col. Howard Norwood of SSD ex- 
plained that while experience had shown 
that certain events and parameters 
needed continual attention, there are 
unexpected events that create a need 
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MORE HIGHLIGHTS FROM RYAN'S 


ELECTRONIC CUSHIONS" ron tem 


A “soft'' lunar touchdown is vital to man’s hopes of landing 
himself on the moon. 

The landing radar which will provide altitude and velocity 
data during approach of the manned Lunar Excursion Module 
to the surface of the moon is among the space projects on 
which Ryan Electronics is now engaged. 

The unmanned Surveyor lunar ‘‘soft landing’’ vehicle will 
have similar Ryan-designed radar altimeters and Doppler ve- 
locity sensor equipment. Ryan high altitude radar altimeters 
will also provide tracking information for Saturn boosters which 
will be carrying space-bound payloads. 


RYAN AERONAUTICAL COMPANY e SAN DIEGO ® CALIFORNIA 


OF CAPABILITIES 


NEWEST RYAN V/STOL is Army XV-5A, lift-fan 
research aircraft built under contract to General 
Electric. Designed to take off vertically on no 
more power or fuel than is needed for high speed 
cruise, the XV-5A is now in flight test. 


ad 


OVER 6,000 FLIGHTS have proven the Ryan Fire- 
bee target missile the most versatile for realistic 
training and accurate evaluation of weapons sys- 
tems. Economical, too. This Firebee has already 
flown 36 separate missions — so far! 


But space electronics — and space structures— are only two 
segments of Ryan’s spectrum of capabilities. 

Ryan is the world’s most experienced designer of V/STOL 
aircraft. Ryan built the world’s first universal Doppler navigator 
for all types of aircraft. Ryan's Flex Wing, a new concept in 
logistics, is demonstrating marked capabilities for military use. 


In many different fields of 
aeronautics, electronics and 


astronautics, strength for to- 
morrow is being forged today 
— at Ryan! 
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to look at points not programmed to 
be available. SSD is therefore favoring 
an ability to call up special discrete 
static displays quickly, rather than to 
display some dynamic data continu- 
ously. 

The new STC main control room 
will have two sets of consoles: one for 
the system controller, the other for 
individual operators assigned to sub- 
systems. There will also be large wall 
screens (about 6 ft. square) on which 
static displays can be projected. Ali dis- 
plays will be installed to operate re- 
Motely on a call-up basis in data an- 
alysis and technical directors’ rooms. 

Types of displays planned include 
discrete, analog plot, alphanumeric and 
alarm. Goal of the system is to provide 
grouping and combinations of informa- 
tion in accord with an individual’s 
needs. Included in this is the ability 
of an operator to select the type and 
tate of a display on his monitor. 

Incoming information from space- 
craft will enter “bird buffers” and then 
pass to a computer select and cross 
connect unit. This is coupled to a series 
of display interface buffers and charac- 
ter generators that feed the TV displays. 

On the monitor, a typical discrete 
display will show whether an inverter 
or control gas system is in or out of 
limits. A dynamic telemetry/command 
verification display will indicate such 
things as system time, telemetry identity, 
value, functional verification, and noise 
levels. A third display will show the 
status of the Satellite Control Facility, 
that is, the STC and the network of 
tracking stations that serve it. 

Chief advantages foreseen for the 
new system will be increased use of a 
digital computer as an aid in decision 
making and more efficient presentation 
of information to operators. 

® ETR Control Center—Aim of the 
new Eastern Test Range Control Center 
is to enable the simultaneous count- 
down of two missile launches and the 
global support of another orbital vehicle. 
The Range Control Center will be 
divided into three operations areas to 
handle the three missions. 

On the main display wall of the 
center operations area will be an 8 x 
8-ft. trajectory display, a status board 
for 200 launch instrumentation systems, 
a Status board for 200 world-wide in- 
strumentation sites, and time displays. 

The trajectory display will allow four 
missile trajectory plots on any one of 
four backgrounds, the plotting com- 
mands being generated by a digital com- 
puter. Missile impact prediction plots 
and radar displays of range aircraft posi- 
tions will facilitate recovery operations. 

There will be 64 operators in the 
center, each having voice communica- 
tions with other operators in the RCC, 
and with operations personnel at Cape 
Kennedy and downrange sites. 
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Contractor to the Air Force for 
the new Range Control Center is Sperry 
Piedmont Company. 

®@ ETR telemetry display—A Real- 
Time Telemetry Data System Display 
is now under development for the East- 
ern Test Range by RCA’s Missile and 
Surface Radar Div. Heart of the system 
will be the firm’s new Fiber Optics Pro- 
jection Display. 

The system basically employs a ran- 
dom access reference slide projector to 
vary the projected format background 
through folded optics to a rear projec- 
tion screen on the console front. A data 
projector matrix contains 15x20 indi- 
vidual projectors, each capable of pro- 
viding up to 12 different symbols or 
characters. Each of the latter is lighted, 
upon computer direction, through non- 
coherent fiber-optic light pipes from a 
single high-intensity light source. Also 
directed through the folded optical re- 
flecting system, the matrix image is su- 
perimposed on the reference image, pro- 
viding a dynamic status report in essen- 
tially real time. 

For the ETR application, the display 
will be able at all times to show upon 
operator call-up; overall range telemetry 
readiness; dynamic station operation 
during launch, including hand-over con- 
trol; central facility checkout status; and 
station checkout status. 

By employing a beam splitter and 
adding a high speed projection plotter, 
a continuous trace rather than discrete 
indication could be scribed on the dis- 
play screen. 

The system, being built under an 
Air Force contract, will be installed at 
NASA’s Merritt Island Launch Facility 
next year. 


Strategic Systems Displays 

® Four major war rooms—System 
design for the Army War Room at the 
Pentagon was performed by Franklin 
Institute. The organization also has com- 
pleted the war room system design for 
the Army Chief of Staff’s advanced re- 
location site. 

Franklin is currently engaged in the 
design of another for Headquarters, 
Commander in Chief, U.S. Army-Eu- 
rope at Camp De Loges, France, and is 
a participant in determining require- 
ments for the National Military Com- 
mand & Control Center. 

The Army War Room at the Penta- 
gon, said Dr. Carl Silver, who has taken 
part in all of these Franklin Institute 
studies, is typical of most high-level 
military strategic information centers. 

The display system includes four 
large wall screens, six display consoles, 
and a high speed printer-plotter. The 
computer-fed system is electromechani- 
cal and will provide all needed displays 
by way of a CRT-film-diazo chain in 
less than 10 minutes from call-up to 
presentation. 


The need for display accuracy and 
reliability, Silver pointed out, far ex- 
ceeded the need for fast response. 

Since the system is a part of the 
National Military Command System, 
overall requirements called for growth 
flexibility, no user restraint within the 
limits of the designed system, very high 
functional reliability, and uncluttered 
high visual quality. 

To implement installation in a short 
time, only off-the-shelf state-of-the-art 
hardware was called for in the system. 

Univac Div. of Sperry Rand Corp. 
is under contract to provide system de- 
velopment, system integration, equip- 
ment and computer programs for the 
Army War Room Information System. 

The system uses 19-in. CRT’s in the 
inquiry-response consoles for individual 
displays and a large screen projection 
system for group display. 

The CRT displays are refreshed at 
30 times per second directly from the 
two Univac-1218 computers. A simple 
search and retrieval system within the 
computer combined with an indexing 
scheme permits less complex operational 
procedures to be used in the interroga- 
tion process. 

@ SAC’s Project 465L—One of the 
largest command and control systems 
now existing is that being installed at 
Air Force Strategic Air Command 
Headquarters at Offutt AFB, near Om- 
aha, Neb. The big War Room soon will 
house the Project 456L system, which 
will replace or supplement many of the 
existing SAC communications and con- 
trol subsystems. Similar systems will be 
installed at SAC bases at March AFB, 
Calif., Westover AFB, Mass., and Barks- 
dale AFB, La. 

Developed under the direction of 
the AF Electronic Systems Div. by 
prime contractor International Tele- 
phone and Telegraph Corp., the massive 
display complex provides large-screen 
projected displays of map backgrounds, 
overlays, and tabular and textual data— 
the whole in up to seven colors. Hard 
copy printouts are available on demand. 

The display generator and high- 
speed printer are fed by digital-compu- 
ter. Digital inputs to the generator are 
converted to alphanumeric characters 
or symbols on a Charactron CRT. The 
resulting image is exposed selectively on 
three framelets of a 70-mm. silver-halide 
film frame for color separation next on 
a Kalvar transparency. 

Film frames are automatically de- 
livered to one of four projection stations 
in the display generator. Thirteen sec- 
onds are required for single station up- 
date; all four can be updated in 25 sec. 
Response time for projection of stored 
data in the random-access film storage 
file is about 2.5 sec. 

® DCS, global status—Global sys- 
tem status and area status of the De- 
fense Communication System’s nearly 
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20-million-mile telecommunications net- 
work can be monitored at the National 
Communications Control Center near 
Washington and at three new Area Con- 
tro] Centers. 

First increment of the display sys- 
tem at the National Center was devel- 
oped for the Defense Communications 
Agency by the Philco Corp. subsidiary 
of Ford Motor Co. Permanent wall dis- 
plays present both traffic and system 
status by means of three-color light cells. 
Heart of this system is the Philco S-2000 
computer, which continuously updates 
the wall display panels. Green, yellow, 
or red lights at each terminal indicate 
facility status through a “Received Side 
Reporting” approach. Boards are excited 
only on command. 

In addition, a readout board presents 
responses to operator queries from the 
control console. This system employs a 
modified high speed Anelex printer- 
projector that electromechanically forms 
a transparency and rear-projects the 
text on a 7-ft. wall screen. 

Second increment of the system was 
completed this spring by IBM. The new 
displays are similar in design to the 
Philco status wall panels, but are con- 
trolled by IBM 1410’s. Three systems 
were developed for DCS’s Area Control 
Centers in France, Hawaii, and Colo- 
rado. In addition, IBM supplied two 
1410’s and one display for the National 
Center. 

® DODDAC, varied displays—The 
Dept. of Defense Damage Assessment 
Center (DODDAC) includes a CRT 
console producing up to 720 alphanu- 
meric characters from as many as 64 
different problem formats; a computer- 
fed control programmer that produces 
display-film chips, assigns their destina- 
tions, and directs a display generator. 
The latter produces composite color sep- 
aration 70-mm. Kalvar film chips, draw- 
ing from a 200-slide magazine contain- 
ing black and white color separation 
background negatives. A projector re- 
ceives the completed display film chips 
from the generator and projects them in 
up to eight colors. 

After computer initiation, the proc- 
ess to screen projection requires roughly 
75 seconds. The projector stores ran- 
dom-access, 200-slide magazines of the 
filed up-dated film chips. The system 
provides a completely dry film process- 
ing chain, fully automatic operation, and 
additive color projection from a single 
optical system. 

A slide retrieval time design goal of 
4 sec. reportedly has not been met by the 
system. Also the film chip generation-to- 
display process exceeds the design goal 
by at least 15 sec. Reportedly, the sys- 
tem has not yet been able to pass ac- 
ceptance tests. 

The system was developed for the 
Defense Atomic Support Agency by 
Thompson Ramo Wooldridge, Inc. 
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Tactical Systems Displays 


® Limited war needs—Each type of 
military operation tends to produce its 
own special requirements for display 
systems, and limited war is no exception. 
Fairchild Space and Defense Systems is 
delivering reconnaissance data reduction 
shelters to the Air Force and these 
exemplify the sort of thinking that is 
behind efforts in this area. Aim of 
the system, called the Limited Warfare 
Intelligence Reduction Complex 
(LWIRC), is to furnish Air Force com- 
manders with up-to-date intelligence on 
tactical targets. Key element of the semi- 
automated photointerpretation system is 
a multi-sensor viewer/printer console 
for simultaneous display of panoramic 
and frame photography as well as side- 
looking radar and infra-red imagery. A 
modified Univac M1218 digital com- 
puter system and teleprinter equipment 
cut down many of the routine time-con- 
suming chores of the three-man team. 

The shelter is air-transportable and 
intended for forward areas of operation. 
On return of a reconnaissance aircraft, 
reels of developed film are mounted on 
the multi-sensor viewer, which displays 
70-mm. to 9.5-in. multi-sensor films on 
four viewing channels for target detec- 
tion, comparison, and analysis. 

Display units for the system are 
being developed for Univac by Raytheon 
and a high-speed printer was built for 
the Sperry division by General Dynam- 
ics/ Electronics. 

® Shipboard communications status 
—Under the direction of Dr. Fred Ire- 
land at RCA’s Moorestown, N.J., facil- 
ity, the Missile and Surface Radar Div. 
is performing a 9-month, 3-phase study: 
to (1) review large screen display tech- 
niques applicable to shipboard use, (2) 
determine what would be needed to 
present ship and shore communications 
network and circuit status and select 
potential subsystems, and (3) finally to 
design a practical system for use in the 
1970 time period. Work is being done 
under a $100,000 Navy Electronics 
Laboratory-San Diego contract. 

A complex system is envisioned to 
present network and link status. Termi- 
nal status, communications equipment 
monitor and status, and equipment 
module summary status. The computer- 
controlled system will be designed for a 
l-sec. single-change or under-20-sec. 
total-format-change response time. 

® ARTOC, CRT-to-film—The Army 
Tactical Operations Central (ARTOC) 
employs basically a cathode ray tube-to- 
film system for its displays. A 5-in. CRT 
(magnetic deflection type, 1,500x2,000- 
pt. matrix) is used to expose 35-mm., 
black-and-white, silver-halide bulk-roll 
film. Film handling is completely auto- 
matic. Twelve seconds are required from 
input to dispaly. 

Following a 5-sec. wet-process de- 
velopment, the negative is contact- 


’ to four 35-mm overlays. 


printed on Kalvar diazo film to in, 
positive transparency. The latter are 
permanently pre-mounted for storage, 
retrieval and subsequent use. Slides are 
pneumatically delivered for display. 
Ultimate group projection is by an 
1,800-watt xenon arc lamp for a 7x9-ft. 
screen image. The system, using a split 
projection beam, allows for use of one 
full-color 70-mm reference slide and up 


The system was developed for the 
Army Signal Corps by the Aeronutronic 
Div. of Ford Motor Co. Inputs to the 
ARTOC displays are generated by a 
Mobidic-B Army field computer system. 

® NTDS standardized—Univac Div. 
of Sperry Rand Corp. was system inte- 
grator for the Navy Tactical Data Sys- : 
tem. The need for minimal engineering, 
production and logistics costs, coupled 
with the need for operational flexibility, 
dictated that a general-purpose, modular — 
approach be applied to the design of 
NTDS hardware. 

In addition to standardization of 
computers, the number of types of dis- 
play equipment was minimized. Rather 
than use a separate display design for 
each function, multi-purpose consoles 
are used and, in case of console failure, 
any other console of that type can be 
used. 

Rapid response is achieved through 
interrogation of the console 20 times per 
second. These data are transferred as a 
direct output from, and input to, the 
computer memory since input/output 
communication proceeds independently 
of the execution of the program. 

All consoles have the ability to display 
raw radar video simultaneously with the 
regenerated computer data. 

@ Navy trainer—Typical of C&C 
displays used in tactical simulators is the 
Navy’s 20C6 trainer at the Fleet Anti- 
Air Warfare Training Center, Dam 
Neck, Va. 

The trainer, which was built by 
Honeywell, Inc., to simulate, in a typi- 
cal shipboard environment, operational 
naval weapon designation equipment, 
includes five target selection and track- 
ing consoles, two weapon assignment 
consoles and two director assignment 
consoles. Basic control element is an 
AN/UYK-1 digital computer. 

Stimulated signals from a_ three- 
dimensional air search radar, miscel- 
laneous fire control systems, missile 
launch systems and surface-to-air mis- 
siles can be monitored and controlled 
from an instructor’s console and fed to 
trainees’ consoles. 

An analog “problem generator” pro- 
vides target position information on up 
to 36 aircraft, as well as range and bear- 
ing of 12 other ships in the trainees’ 
simulated task force. 

The trainer also works in conjunc- 
tion with a Navy Tactical Data System 
(NTDS) simulator at the Center. 


missiles and rockets, October 5, 1964 


SPECIAL REPORT: advanced displays 


Industry Cautious in Approach 
To Manned Spaceflight Systems 


Scant human factors information exists despite considerable 
research; weight, reliability constraints hamper breakthroughs 


WITH INCREASING EMPHASIS 
being given to man’s role in spacecraft, 
the guidance of his activities is becom- 
ing one of the most challenging areas 
in display technology. 

At the same time, however, the con- 
straints put on such displays—low 
weight, high reliability, and reluctance 
to use untried techniques—are leading 
to a very cautious approach to the 
procurement of flight hardware. As a 
result, the spacecraft display is a field 
full of new ideas, but the hardware 
being developed is mostly conventional. 

The main trend is to push conven- 
tional displays into as highly an inte- 
grated form as possible, without taking 
the major step of going to a single time- 
shared general-purpose display, and the 
consequent removal of the traditional 
maze of instruments. 

Human factors play a crucial part in 
the design of a spacecraft display sys- 
tem, but in spite of a large amount of 
research, disappointingly little informa- 
tion is available to evaluate the qualities 
of different displays from a human fac- 
tors standpoint. Chief reasons are the 
great difficulty in realistic simulation of 
spacecraft conditions, and absence of 
firm mission requirements. 

As a result, one of the prime areas 
of interest in the Air Force Manned 
Orbiting Laboratory will probably be 
the evaluation of a number of redun- 
dant display systems in orbit. Only in 
this way can a comparison be obtained 
of the effectiveness of different display 
techniques under real spacecraft condi- 
tions. 

Typical questions to be examined 
are whether such devices as predictor 
instruments, three-dimensional displays, 
and contact-analog displays have as 
much to contribute to crew perform- 
ance as their advocates maintain. 

@ Cathode tubes still best—A study 
by the Aerospace Corp. for the Air 
Force concluded that it may be five 
years or more before spacecraft electro- 
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luminescent displays can compete with 
the performance of present cathode ray 
tube displays. 

The same study concluded that the 
state of the art in three-dimensional 
displays does not allow their use in 
spacecraft, that diffculty in their inter- 
pretation precludes their use in extreme 
environments, and that, as yet, there 
was no demonstrated need for them. 

Main positive conclusion of the 
study was that industry is capable of 
supplying the hardware for individual 
spacecraft displays of the cathode ray 
tube type. 

Concern with the inadequacies of 
present display systems stems from 
camera recordings of pilot eye move- 
ment during flight, which reveal a great 
deal of scanning activity. Putting more 
information on one instrument, as in 
Honeywell’s Apollo three-axis Flight 
Director Attitude Indicator, greatly re- 
duces the scanning burden. The FDAI 
has, in fact nine instruments in one dis- 
play. 

@ Instrumentation advancement— 
Another major step forward in conven- 
tional displays is the use of servo-driven 
vertical tape displays stacked side by 
side. The calibrated tape moves behind 
a fixed pointer, and, as the pointers 
are all in the same horizontal line, a 
very easy eye scan results. A display of 
this type is incorporated in a panel that 
is likely to be fitted to the X-7/5 next 
spring. 

This new X-/5 panel, developed by 
Lear Siegler Inc., for the Air Force, is 
probably the most advanced space- 
craft panel currently scheduled for 
flight. It also includes a three-axis ball 
display and a CRT energy-management 
display. 

Another type of instrumentation 
that involves a move toward greater in- 
tegration is the head-up display, where 
the pilot sees the display projected into 
his field of view as he looks out of the 
cockpit. This is usually some form of 


analog display. Philco Corp.’s Auto- 
netics Div. is actively investigating the 
potentialities of this type. 

Another approach to reduce the 
visual load of the pilot is use of audi- 
tory signals to convey part of the flight 
information to him. Douglas Aircraft 
currently has a contract from NASA 
Flight Research Center to investigate 
the scalings and codings needed for this 
type of information, and to see what 
interactions take place between the 
sound and the vision channel. 

@ Aiding the astronaut—All these 
development paths recognize that the 
pilot’s task is becoming increasingly 
more complex, and that this trend will 
probably continue in spacecraft. 

It is this situation that has led to 
proposals for integrated displays using 
a general-purpose device such as a 
cathode ray tube. At any one time this 
shows those parameters of immediate 
interest to the pilot. 

Order in which parameters are dis- 
played is programmed for those parts 
of the mission that permit. During other 
parts, push-button selection of param- 
eters is available. Flashing lights or 
automatic presentation of critical pa- 
rameters (with manual override) would 
be used during emergencies. 

Advantages of this display are that 
less equipment and panel space would 
be needed, with lower total weight and 
volume. Also, more parameters can be 
shown. 

Integrated displays of this type have 
the advantage that they can be com- 
bined with predictor displays and con- 
tact-analog displays. Also infrared, ra- 
dar, or television pictures can be super- 
imposed when required. This capability 
may be particularly valuable in space 
missions. 

For instance, in spacecraft rendez- 
vous or planetary landing, it could pro- 
vide the possibility of viewing the tar- 
get via television or some other sensor 
system while at the same time having 
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orientation or command information in 
the same field of view. 

An area of current interest to the 
Air Force is whether a general-purpose 
computer should be used to service all 
aspects of such displays or whether 
special-purpose display generators as- 
sociated with the different information 
channels should be used. 

@ Lear Siegler efforts—Lear Sieg- 
ler has been studying cockpit displays 
for the Air Force for a number of years. 
Latest system for an orbital vehicle 
uses a digital computer only for the 
generation of orbit parameters and the 
ground track display, and for calcula- 
tions required for weapon checkout 
and deployment (a five-missile system). 
Other functions are displayed by servo- 
driven tape displays, dials and lights. 

Lear’s three-year program for de- 
sign and fabrication of advanced mili- 
tary and space vehicle displays included 
display design for five X-J5 systems. 
The Mark V cockpit display, however, 
ran into funding difficulties because of 
Air Force/NASA tensions in _ the 
manned spacecraft area. The result is 
that some uncertainty hangs over the 
program, in spite of the fact that it has 
led to the development of some very 
fine hardware and promises to be ex- 
tremely significant. 

The display panel that is likely to 
go into the X-15 No. 3 is an outgrowth 
of the Mark IV program for Wright- 
Patterson Air Force Base. The test pro- 
gram at NASA Flight Test Center, Ed- 
wards AFB, is concerned with an ad- 
vanced integrated data system, which 
presently ends with use of the system 
in an F5D aircraft. It is inconceivable, 
however, that portions of this program 
and the hardware developed by Lear 
will not continue on into the X-J5 pro- 
gram. 

@ Panel display details—Main fea- 
tures of the new panel display, which 
still requires additional conventional 
instruments around its periphery, is the 
use of seven vertical tape displays lo- 
cated on either side of a three-axis ball 
display. Below this is the screen of an 
energy-management display for landing 
approach guidance. 

The vertical tapes have been cali- 
brated so that they remain legible at 
their maximum speed of movement past 
the fixed fiducial mark. Functions pre- 
sented by the tapes are the ratio of 
dynamic pressure (q) predicted for 
perigee to the specified limiting g for 
the rocket plane, g in pounds per sq. 
ft., normal acceleration in gs, angle of 
attack, flight path angle (from an in- 
ertial reference), velocity in feet per 
second, and altitude. This is, in fact, 
basically a spacecraft display: flight- 
path angle, for example, is very impor- 
tant at orbital insertion. 

The three-axis ball instrument indi- 
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cates pitch, roll and heading (on ball), 
roll rate and angle of side slip. Cross 
pointers provide three different modes 
of operation to take account of the 
various flight regimes, including re-entry. 

On the CRT of the energy-manage- 
ment display, a spot of light indicates 
the landing site, selected manually by a 
push button. If the spot is in front of 
a pair of parallel lines on the display, 
the pilot flies at maximum L/D, if it 
is behind the lines he flies at maximum 
coefficient of lift. He carries out these 
maneuvers until the spot is at the cen- 
ter of the display. 

If the spot is in a certain area 
bounded by inverted V lines at the foot 
of the display, there is no single control 
setting that will take the pilot to the 
landing site: flying in a given direction 
and then turning to fly in the reverse 
direction is required. 

@ Gemini and Apollo—Gemini 
and Apollo displays are basically con- 
ventional. Lear three-axis indicators are 
used in Gemini. Apollo displays are 
state-of-the-art hardware with emphasis 
on instrument integration. Both Sur- 
veyor and the X-J5 will provide design 
inputs for the Apollo display. 

Main parts of the Apollo display 
that have got into the hardware stage 
are the Honeywell Flight Director At- 
titude Indicator, the Attitude Set Gim- 
bal Position Indicator, and the Velocity 
Change Indicator (M/R, Feb. 24, p. 
26). 

Primary reference in the Command 
Module is a three-gimbal-type aligned 
to a navigation base some 33 degrees 
from the principal body axis. This off- 
set relates to the average re-entry offset 
center of gravity location and facili- 
tates re-entry control of the Command 
Module lift vector. It also presents a 
special display requirement. Previous 
piloting experience relates to attitude 
measurements with respect to a vehicle 
principal axis. 

The unconventional primary refer- 
ence reflects in the display as an indica- 
tor gimbal sequence from inside to 
outside of pitch, yaw, and roll—to cor- 
respond to the Inertial Measuring Unit. 
The indicator’s roll axis lies in a plane 
perpendicular to the viewing plane and 
inclined downward 16 degrees front- 
to-rear. This permits reading of both 
axes of interest via two indices. 

The need to measure two precision 
axes offset from the familiar body axis 
will be a new experience for the Apollo 
astronauts, but it is a technique that 
has been mastered in simulator tests. 

@ Command Module set—A pollo 
Command Module displays are now 
fairly firm in design and will only be 
influenced by Gemini to the extent that 
experience reveals a need for improve- 
ment or modification in specific tech- 
niques. Servo-driven tape displays are 


not used in the Command Module be- 
cause there is not enough power to 
drive them. A study is under way to 
see whether they can be used in the 
Lunar Excursion Module, with which 
there is a difficult scaling problem in 
display of velocity over ground. 

The problem is that knowledge of 
horizontal velocity is needed both at 
values as high as 500 fps and also at the 
maximum horizontal landing speed of 
less than 10 fps. Such wide ranges can 
be handled by a suitably scaled tape, 
but give considerable difficulties on con- 
ventional instruments. Unfortunately, 
the power requirements of servo-driven 
tapes give an even greater problem in 
the LEM. 

LEM displays are not firmed up 
yet, primarily because the complete sys- 
tem they serve is not yet firm, and the 
exact mechanization of this will influ- 
ence display design heavily. 

Surveyor results will influence LEM 
displays both through the systems con- 
straints that the details of the lunar sur- 
face impose on the LEM and through 
the effect of lunar ambient lighting on 
display requirements. All design studies 
are now based on simulations of the 
lunar environment based on the best 
knowledge available. 

@ Mission differences—Energy 
Management problems differ between 
Gemini and Apollo because Gemini 
re-enters from circular orbit and the 
Apollo Command Module returns to 
the Earth’s atmosphere at hyper-circu- 
lar velocity and has to dissipate excess 
energy before performing re-entry from 
circular orbit. 

Gemini does not have a CRT energy 
Management system of the type to be 
flown in the X-15, Displays are limited 
to five-digit numerical outputs and 
meter movements. Apollo will have a 
system similar to that for the X-J5, 
except that re-entry will primarily be 
automatic, with the crew performing 
a monitoring function. 

NASA’s Manned Spacecraft Center 
is watching the X-15 work closely and 
Officials say that flight of a similar CRT 
energy-management display in Gemini 
would be of considerable value in 
checking out such a system for re- 
entry from circular orbit. No plans for 
such an experiment have, however, 
been announced. 

@ Honeywell simulation work— 
Honeywell — subcontractor to North 
American Aviation, Inc., for Apollo 
stability and control instrumentation 
and displays—places considerable em- 
phasis on mockup and simulator tests 
and has three Apollo mockups with 
analog computers, and a spacecraft 
simulator balanced on an air bearing. 

The company has designed guidance 
and navigation displays for a general- 
purpose dynamic flight simulator which 
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include a parameter read-in panel, a 
parameter readout panel, inertial status 
indicator, re-entry planning display, 
and an integrated map display, all 
serviced by a digital computer. 

Honeywell’s proposed approach to 
an integrated spacecraft-display is to 
use closed-circuit TV for camera 
images and electronically generated in- 
formation, 

Simulators will continue to play an 
important part in evaluating displays. 
General Dynamics / Astronautics is 
building a general line of simulators. 
Under development is a simulator with 
complete freedom of simulated move- 
ment and absence of gimbal restrictions. 

GD/A is also carrying out human 
factors research concerned with vision 
in space. This relates to depth percep- 
tion, color perception, and the effects 
of harsh lighting factors, which could 
greatly influence display requirements 
for rendezvous operations. 

Predictor displays promise to elimi- 
nate some of the training an astronaut 
needs to find out how a spacecraft re- 
sponds to controls. In effect, the display 
shows what will happen to the space- 
craft if the astronaut follows a certain 
course of action, continuously chang- 
ing the indication as he makes adjust- 
ments in response to the display. 

Dunlap Associates have a NASA 
contract to study integrated displays in 
general and predictor instruments in 
particular for possible use in manned 
spacecraft navigation. 

@ How they work—Basically, these 
displays rely on the generation of pre- 
dictive information by analog devices 
working in fast time, operating from 
sensing instruments, with the compu- 
tation being carried out repetitively. 
The useful length of the prediction is 
a function of the size and frequency 
of unpredictable disturbances to the 
spacecraft and could amount to hours 
or days for spacecraft navigation. 

For two or more variables, the best 
method of display seems to be by per- 
spective coding on a CRT. A roadway 
on the screen represents vertical and. 
horizontal position and becomes smaller 
(gains perspective) in the future time 
dimension. Curvature of the road pre- 
dicts yaw, rise and fall predict pitch, 
and tilt predicts roll. 

Where aspects of the mission are 
known in advance, it is possible to 
program such a display as a means of 
command. Because such systems call for 
computer capacity that might not be 
justifiable for this application alone, 
the same display might also be com- 
bined with a contact-analog display. 

Uses suggested for predictive dis- 
plays are for rendezvous during satellite 
inspection or re-supply, for re-entry, 
and general space navigation. 

@ System genesis—Contact-analog 
displays had their beginnings in the joint 


missiles and rockets, October 5, 1964 


4 


Army-Navy Instrument Program (AN- 
IP) started about nine years ago. What 
is shown is a computed pictorial dis- 
play, synthesized electronically and 
presented on a CRT. It is an integrated 
display in the sense that it combines 
flight information that would normally 
be presented on a number of conven- 
tional instruments. 

United Aircraft Corp. has been 
working on such a system for helicop- 
ters and submarines, General Electric 
Co. is developing a system for use in 
flight simulators and high-performance 
aircraft, and Kaiser Aerospace and 
Electronics Corp. has developed a sys- 
tem for military and light commercial 
aircraft. All companies have expressed 
an interest in providing the same types 
of displays for spacecraft use. 

The display is generally made up of 
two parts, each of which may be gener- 
ated by a special-purpose digital com- 
puter. A ground plane pattern indicates 
roll and yaw according to its orienta- 
tion. It is shown as a textured pattern 
that may vary according to the type 
of mission. 

The Kaiser system shows a ground 
plane covered with ellipses that grow, 
smaller as the horizon is approached. 
The GE system shows a textured pattern 
nested several times so that the smaller 
patterns fuse into the larger ones as 
altitude increases. 

The second part of the display, super- 
imposed on the ground plane, is the 
flight-path pattern, which might appear 
as a “roadway” or “tunnel” for the pilot 
to fly along, making it a command dis- 
play. Input can either be from a flight 
controller or by manual crew insertion. 
Alternatively, a predictor display could 
be shown. The presentation in the GE 
system is a series of “tarstrips” placed 
along the flight path centerline; in the 
Kaiser system, it is a roadway. 

® Size, power restrictions—These 
systems offer considerable flexibility in 
display, particularly as they can be com- 
bined in various ways with other pic- 
torial sensor data. The main question 
that obscures their future, however, is 
how necessary they are in spacecraft, 
and when their size and power require- 
ments will come within the limits of 
spacecraft technology. 

As an alternative to producing a dis- 
play on a fixed cathode ray tube in an 
instrument panel, there is the possibility 
of mounting a display device on an 
astronaut’s helmet and superimposing 
the display on his field of view, by 
means of mirrors. 

By suitable focusing of a virtual 
image, this can be seen when the pilot 
focuses his eyes at his near point, and 
seen through when he looks at more 
distant points. A 30-ounce display of 
this type has been investigated by the 
Office of Naval Research. | 
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AWARDS 
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$10,165,446—North American Aviation, Inc., Ana- 
beim, Calif., for spare parts for Minuteman 
missile guidance control systems. 


$2,826,415—Union Carbide Corp., Linde Co., New 
York City, for propellant oxygen and nitrogen. 


$2,800,000—Hercules Powder Co., Wilmington, 
Del., for work on Stage III motors for Min- 
uteman. 


$1,600,000—General Telephone & Electronics 
Corp., Automatic Electric Co., Northlake, IIl., 
to make communications switching gear. 


$1,500,000—General Dynamics Corp., San Diego, 
Calif., for continued work on Air Force 
boosters. 


$1,500,000—Boeing Co., Vandenberg AFB, Calif., 
for work on Minuteman systems. 


$1,300,000—Lockheed Aircraft Corp., Sunnyvale, 
Calif., for work on a classified space program. 


$1,109,000—General Tire & Rubber Co., Aerojet- 
General Corp., Akron, Ohio, for continued 
work on a Titan IT propulsion system for the 
Gemini two-man space exploration program. 


$300,000—Weinschel Engineering, Gaithersburg, 
Md., to supply the Model PCS-1B, Pulse Power 
Calibrator, a power measuring instrument. 


$275 ,000—Thiokol Chemical Corp., Reaction Mo- 
tors Div., Denville, N.J., for a packaged stor- 
able liquid and solid propellant propulsion sys- 
stems study. 


$205,000—Lear Siegler, Inc., Santa Monica, Calif., 
to provide automatic flight-control systems for 
the Q2C Firebee jet-powered target drone. 


ARMY 


$291,900—Technical Operations, Inc., Beckman 
and Whirley, Inc., San Carlos, Calif., to pro- 
duce safety destruct kits for the Sergeant 
ground-to-ground tactical missile. 


$100,000—Fairchild Camera and Instrument Corp., 
Electro-Metrics Corp. (Div.), Amsterdam, N.Y., 
for design, improvement and modification of 
radio frequency interference equipment. 


$82,500—General Electric Co., Cincinnati, for a 
ramjet study. 


$62,203—Electro-Optical Systems, Inc., Pasadena, 
Calif., for an airborne optical system. 


$50,734—Telecomputing Services, Inc., Panorama 
City, Calif., for film reading and data reduc- 
tion, airborne TOW /Shillelagh feasibility pro- 
gram. 


$44,425—Detweiler Bros., Inc., Twin Falls, Idaho, 
for rocket motor quench system. 


NAVY 


$22,018,000—Goodyear Tire & Rubber Co., Good- 
year Aerospace Corp., Akron, Ohio, for Subroc 
missiles. 

$7,232,040—Sperry Rand Corp., Ford Instrument 
Co. (Div.), Long Island City, N.Y., for work 
on fire-control computers for Terrier and Tar- 
tar missiles, 


$6,500,000—Westingbouse Electric Corp., Balti- 
more, to continue production of the Mark 45 
torpedo. 


$5,674,000—Pennsylvania State University, Ord- 
nance Research Lab., University Park, Pa., for 
R&D in the field of naval weapons and in re- 
lated fields including academic programs, acous- 
tics and signal processing, engineering, bydro- 
mechanics, missile systems, weapons develop- 
ment and consultation. 

$1,840,000—Interstate Electronics, Anaheim, Calif., 
for modification of four sets of test instrumen- 
tation for use with Polaris submarines. 

$100,000—Bendix Corp., Misbawaka Div., Misba- 
waka, Ind., to conduct engineering study of an 
alternate guidance section for standard missile 
type 1. 


NASA 


$4,614,086—TRW/Space Tecbnology Labs, Re- 
dondo Beach, Calif., for mission trajectory con- 
trol programs. 

$2,481,399—Allis-Chalmers, 
waukee, Wis., 
Power systems. 

$2,405,211—General Electric Co., Oklahoma City, 
Okla., for a range and range rate system. 

$588,890—General Electric Co., Mississippi Test 
Support Operation, Huntsville, Ala., for mo- 
bile instrumentation units to be delivered to 
Miss. Test Facility. 

$264,880—Spacelabs, Inc., Van Nuys, Calif., to 
produce pbysiological signal conditioners for 
the Gemini program. 

$200,000—General Electric, Missile and Space 
Div., Philadelphia, for continuation of magneto 
gas dynamic power generation study. 

$143,473—TRW/Space Technology Labs, Redondo 
Beach, Calif., for development of a 93-Ib. ab- 
latixely cooled, pulse-modulated bipropellant 
rocket engine. 

$120,959—Collins Radio Co., Dallas, for installa- 
tion of ground equipment at an antenna fa- 
cility. 

$99,000—Radio Corp. of America, Princeton, N.J., 
for weather data relay system breadboard. 

$91,819—USAF Logistic Command, Middletown, 
Pa., for liquid bydrogen; also $71,836 for pro- 
pellants. 

$98,800—Emerson Electric Co., Electronics and 
Space Div., St. Louis, for development of life- 
support umbilicals. 

$90,398—Cornell Aeronautical Lab., Buffalo, N.Y., 
for a pulsed laser ion generator study. 

$89,950—Rice University, Houston, for design 
standards for a magnetically oriented space- 
craft and construction of an optimized me- 
cbanical model. 

$66,750—Texas Instruments, Inc., Dallas, for 
quantitative methods for LEM landing site 
Selection. 

$61,580—Westingbouse Electric Corp., Aerospace 
Electrical Div., Lima, Ohio, for design, de- 
velopment, fabrication, test and delivery of an 
experimental model of a power converter for 
ion thrusters. 

$60,264—Union Carbide Corp., Parma Research 
Center, Parma, Ohio, for program to improve 
fuel cell performance through pulsing tecb- 
niques. 

$51,358—Radiation Applications, Inc., Long Is- 
land City, N.Y., for an improved water recla- 
mation system for manned space vehicles. 

$48,000—Lockheed Missiles & Space Corp., Sunny- 
vale, Calif., for a parametric study of beat re- 
jection concepts. 


Research Div., Mil- 
to build fuel cell electrical 


INDUSTRY 


$17,000,000—Sperry Rand Corp., Univac Div., 
Washington, D.C., from Bell Telepbone Lab- 
oratories, Inc., Whippany, N.J., for design and 
development of multi-processor computers and 
computer memories for the Nike-X data-proc- 
essing subsystems. 

$941,000—Watkins-Jobnson Co., Palo Alto, Calif., 
from Electronic Specialty Co., Los Angeles, to 
design and manufacture a family of magneti- 
cally tunable YIG (yttrium iron garnet) filters 
designed to operate over slightly more than 
an octave in five frequency bands. 

$600,000—Electronic Communications, Inc., St. 
Petersburg, Fla., from Boeing Co., Aerospace 
Div., Seattle, to design and develop special- 
purpose communication equipment for the 
Minuteman missile program. 

$175,250—Allis-Chalmers, Milwaukee, Wis., from 
Northrop Corp., Nortronics Div., Needham 
Heights, Mass., to fabricate the steel arm for 
a rotating test facility that will simulate launcb 
pbase conditions of a space flight. 

$150,000—United Aerotest Laboratories Inc., Deer 
Park, N.Y., from Pall Corp., Aircraft Porous 
Media, Inc., Glen Cove, N.Y., to cover per- 
formance and reliability testing on the filter 
system for the descent stage of the Lunar Ex- 
cursion Module propellant system. 


47 


SENIOR 
RESEARCH SCIENTISTS 


Ph.D. level in Aerophysics, Aeronau- 
tics, Gas Dynamics or equivalent fields 
with achievement records in publica- 
tions and/or patents for research in 
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Shock-Boundary Layer Interactions, 
Interference Effects, Ground Effects, 
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face-Interactions, and Transport Prob- 
lems in Hypersonic Flow. 
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C. H. von Kenschitzki, Associate Di- 
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Company, 834 West Peachtree Street, 
Atlanta, Georgia 30308, Dept. OO-77. 
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——rh ames in the news 


Charles H. Berry: Named vice pres- 
ident of General Precision, Inc., Tarry- 
town, N.Y., and assigned corporate mana- 
ger of the firm’s Washington, D.C., office. 


Robert S. Ames: Appointed vice pres- 
ident of manufacturing of Bell Aerosystems 
Co., Buffalo, N.Y., a division of Bell 
Aerospace Corp. 


Donald M. Miller: Named president of 
the Airborne Instruments Laboratory Div., 
Cutler-Hammer, Inc., Milwaukee, Wis. 
John N. Dyer: Promoted to executive vice 
president for research, engineering and 
advanced planning for AIL Div. 


Irving Cohen: Elected vice president- 
command and control systems of Informat- 
ics, Inc., Sherman Oaks, Calif. 


Ernest Stern: To provide direction for 
study program of a satellite-borne ocean 
surveillance system for U.S. Navy as 
Director, MOL Ocean Surveillance Study, 
TRW Space Technology Laboratories, 
Redondo Beach, Calif. 


Timothy L. Hanley: Appointed director 
of General Motors’ AC Spark Plug Div. 
Research and Development Lab, Boston. 


Philip J. Maher, Jr.: Appointed execu- 
tive vice president of The Firewel Co., Inc., 
Buffalo, N.Y. 


Robert N. Tomb: Joined General Pre- 
cision, Inc., Tarrytown, N.Y., as manager, 
plans and requirements, NASA. 


Glen G. Reed: Elected a director of 
Dorr-Oliver Inc., Stamford, Conn. He is 
also vice president of the international divi- 
sion of Dorr-Oliver. 


George E. Bein: To head the first re- 
gional office of General Kinetics Inc., in 
Los Angeles. His responsibilities will in- 
clude applications engineering and cus- 
tomer liaison. 


Chandler W. Jones: Appointed manager 
of Block Engineering, Inc., Cambridge, 
Mass., Field Service Div. Also named to 
a new managerial post was Alexander S. 
Zachor, who has been appointed manager 
of Block’s new Data Reduction and Anal- 
ysis Div. 


W. L. Vergason: Added to the public 
information staff of Radiation Inc., Mel- 


MILLER 


DYER 


bourne, Fla. He was formerly market de- 
velopment manager of Sperry Electronic 
Tube Div., Gainesville, Fla. 


John F, Straubel: Formerly public re- 
lations and advertising manager for Hil- 
ler Aircraft Co., Inc., named director of 
communications for Fairchild Stratos 
Corp., Washington, D.C. 


Flavio S. C. Branco: Appointed to the 
new position of chief engineer at Fair- 
child Camera and Instrument Corp.’s Win- 
ston Research Corp., Los Angeles. He will 
be responsible for the overall technical 
engineering, design and evaluation of all 
engineering projects for Winston. 


Richard P. Turner: Appointed national 
manager of Magnaflux Corporation’s thir- 
teen Materials Testing Labs. Magaflux is 
in Chicago. 


Marvin B. Ruffin: Appointed to the 
posts of executive vice president and cor- 
porate general manager of Model Engi- 
neering and Manufacturing Corp., (MEM- 
COR), Chicago. 


Rulon G. Shelley: Appointed manager 
of Raytheon Co.’s Santa Barbara, Calif., 
operation, a unit of the firm’s Space and 
Information Systems Div. 


K. Martin Stevenson: Appointed direc- 
tor of General Motors AC Spark Plug 
Div. Research and Development Lab, El 
Segundo, Calif. He was head of AC’s re- 
search and development facility at Boston 
prior to the appointment. 


M. L. Lesser: Appointed director of 
systems technology of IBM Corp., Ar- 
monk, N.Y. He was formerly director of 
technical planning on the same staff. Dr. 
Munro K. Haynes: Promoted to director 
of technology and engineering planning of 
IBM Corp. He was formerly manager of 
the technical advisory staff in IBM’s Re- 
search Div. 


C. R. Olsen: Appointed to the newly 
created post of director of product as- 
surance for Whittaker Corp., Controls and 
Guidance Div., Chatsworth, Calif. He was 
formerly with Raytheon Co. where he was 
active in the Polaris and Apollo programs. 


William F. Frankart: Appointed chief 
engineer of Gonset, Inc., Altec Lansing 
Corp., Anaheim, Calif., a subsidiary of 
Ling-Temco-Vought, Inc. He is a specialist 
in two-way radio communication. 
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—when and where— 


OCTOBER 


1964 Annual Meeting of the American 
Documentation Institute, Philadelphia, 
Oct. 4-8. 


Second Annual Research Management Pro- 
gram, sponsored by the Battelle Memo- 
rial Institute and Ohio University, Bat- 
telle Memorial Institute, Columbus, 
Ohio, Oct. 4-16. 


National Symposium on Space Electronics 
and Telemetry, sponsored by the IEEE, 
Dunes Hotel, Las Vegas, Nev., Oct. 
4-9. 


Third Annual USAF Contract Aerospace 
Services Symposium, sponsored by the 
National Aerospace Services Assoc., 
Dayton Biltmore, Dayton, Ohio, Oct. 
5. 


10th Natioual Communications Sympo- 
sium, sponsored by the IEEE, Utica, 
N.Y., Oct. 5-7. 


10th Annaal Army Human Factors Re- 
search and Development Conference, 
Ft. Rucker, Ala., Oct. 5-8. 


Parameters of Information Science, spon- 
sored by AFOSR and the American 
Docnmentation Institute, Sheraton 
Hotel, Philadelphia, Oct. 5-8. 
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Paul N. Anderson 
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Renold L. Rose 
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Gerry Mullin 
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Gerry Mullin 
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Michael Rouff 
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National Aeronautic and Space Engineer- 
ing and Manufacturing Meeting, spon- 
sored by the Society of Automotive 
Engineers, Ambassador Hotel, Los An- 
geles, Oct. 5-9. 


Seminar on Quantum Mecbanics, sponsored 
by the American Institute of Pbysics 
and the National Association of Science 
Writers, Inc., Hotel Statler-Hilton, New 
York City, Oct. 6. 


International Space Electronics Sympo- 
sium, sponsored by the IEEE Space 
Electronics and Telemetry Group, 
Dunes Hotel, Las Vegas, Nev., Oct. 
6-9. 


Electronic Information Handling Confer- 
ence, sponsored by the University of 
Pittsburgh, Goodyear Aerospace Corp. 
and Western Michigan University, 
Hotel Webster Hall, Pittsburgh, Oct. 
7-9. 


Galileo Quadricentennial, sponsored by the 
University of Rocbester and the Na- 
tional Science Foundation, University 
of Rochester, Rochester, N.Y., Oct. 
8-9, 


Society of Plastics Engineers, Inc., Regional 
Technical Conference, Cleveland, Oct. 
8-9. 


Refractories Division of the American 
Ceramics Society Fall Meeting, Cava- 
lier Hotel, Virginia Beach, Va., Oct. 
8-10. 


Electrochemical Society Meeting, Shera- 
ton-Park Hotel, Washington, D.C., Oct. 
11-15. 


Flight Mecbanics and Entry Technology 
Meeting, sponsored by the AIAA and 
NASA, Convention Center, Williams- 
burg., Va., and Langley Field, Va., 
(Meeting at Langley is classified), Oct. 
12-13. 


Second Aerospace Nuclear Propulsion Con- 
ference (partly classified), sponsored 
by the American Nuclear Society, 
AIAA, Atomic Energy Commission, 
and NASA, Naval Postgraduate School, 
Monterey, Calif., Oct. 12-15. 


Symposium on Dosimetry in Higb Level 
Exposure, International Atomic Energy 
Agency, Vienna, Austria, Oct. 12-16. 


Second Guidance Test Symposium, Spon- 
sored by the Air Force Missile Develop- 
ment Center, Holloman AFB, N.M., 
Oct. 13-14. 


National Electronics Conference, spon- 
sored by the IKEE, McCormick Place, 
Chicago, Oct. 19-21. 


East Coast Conference on Aerospace and 
Navigational Electronics, sponsored 
by tbe IEEE, Baltimore, Md., Oct. 21- 
2B 


11th Symposium on Nuclear Science, 
sponsored by the IEEE and Air Force 


Office of Scientific Research, Philadel- 


phia, Oct. 27-29. 
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editorial... 


How To Play Unpolitics 


E HAVE BEEN MOST INTERESTED in the 
vagaries of the Dept. of Defense in regard to the 
series of advanced planning briefings for industry. 
This series originally was scheduled as a classified 
program to fully brief the industry on the latest and 
most up-to-date DOD thinking about the nation’s 
defense needs. 

With Secretary of Defense McNamara and his 
deputies urging the industry to adapt its advanced 
technology to tactical problems—in a significant shift 
from previous emphasis on strategic weapons—the 
need for such classified sessions was apparent. 

The Deputy Director for Defense Research and 
Engineering, Dr. Eugene Fubini, and others had been 
pleading for industry help on a number of problems. 

When the series was proposed, industry accept- 
ance was overwhelming. Overwhelming, in this in- 
stance, is a word carefully chosen. So many members 
of industry—with security clearances and an obvious 
need to know—indicated their intention of attending 
that DOD decided to cancel the briefings. 

We find it extremely difficult to follow this reason- 
ing—but we must admit this is not the first time we 
have had this trouble with the Defense Dept. approach 
to logic. Presumably, if only a few persons in industry 
had indicated an interest, the classified briefings could 
have been held and been regarded as a roaring 
success. 

Since, however, there was such an obvious thirst 
for knowledge in the industry, it was regarded as 
imprudent to do anything other than fill in the well. 

The official reason given for the cancellation was 
that there did not exist in Washington a secure audi- 
torium of sufficient size to accommodate all those 
who indicated an intention to attend. 

There exist in Washington several auditoriums 
both sizeable and secure. Much more secure, we 
might point out, than the Statler-Hilton Hotel in 
downtown Los Angeles, where DOD last week saw no 
objection to classified briefings on liquid propulsion 
for some 700 members of industry and government. 

Obviously, it would have been impossible to ac- 
commodate all those who wished to attend the pro- 
posed DOD seminar in a single briefing in Washing- 
ton. Equally obvious, a series of identical classified 
briefings for industry could have been held in Wash- 
ington or in a number of centers around the country. 

Now, if we may be permitted the risky privilege 
of speculating about DOD thinking in this matter, the 
reasoning behind the cancellation must have been 
that a considerable security risk was involved in 
briefing so many members of industry simultaneously 
on classified programs. 

“They all have security clearances and it’s safe to 
brief them one at a time on classified subjects,’ some- 
one must have said, “but to brief thousands of them 
all at once is a great security risk.” 

It may simply have been, of course, that the 
planned series of classified defense briefings conflicted 
with scheduled symposia on disarmament and diversi- 
fication. We will never know. 

Whatever the reason, it left Dr. Fubini and others 
who still felt that industry might have some small role 


to play in the defense of the nation in a somewhat 
awkward situation. If the military-industry partner- 
ship were to continue to function, a means would 
have to be found to give industry a clue as to just 
what Secretary McNamara had in mind for the future. 

The answer was not long in the seeking. Planning 
was shifted to a series of declassified briefings. It was 
apparent from the first that this no-confidence deci- 
sion would mean sessions of significantly less value 
to industry. Nevertheless, any hint as to Defense 
Dept. planning was welcome. 

When it was announced that a series of such 
briefings would be sponsored by the National Security 
Industrial Association, with Assistant Secretary of 
Defense (Public Affairs) Arthur Sylvester coordinat- 
ing DOD participation, industry response again was 
overwhelming. 

It was apparent that industry felt desperately in 
need of DOD guidance in planning its participation 
in future weapons development. 

First of these sessions was set for New York City 
on Sept. 17 and 18, to be followed by briefings in 
Chicago, Dallas and Los Angeles. Two weeks prior 
to the first day of the opening meeting in New York, 
reservations for that session alone totaled 1,267. 

Then, once again, the axe fell. The advanced 
planning briefings were postponed until after the elec- 
tions, with a new date set in February, 1965. Reason? 
The briefings might be construed as partisan political 
activity. Inside word is that the decision originated 
in the White House. 


HIS DECISION, by an Administration so obviously 

willing to engage the Dept. of Defense in partisan 
politics, is sheer hypocrisy. If this policy were being 
followed right down the line, we would be the first 
to applaud the decision. But President Johnson’s will- 
ingness to involve DOD in the campaign is apparent. 
This includes Secretary McNamara’s appearance be- 
fore the resolutions committee of the Democratic 
National Convention. It includes unveiling of a num- 
ber of items of military hardware. To assert that Sen. 
Goldwater is attacking Administration military poli- 
cies is no defense. The incumbents have more re- 
sponsibility in this area than the challenger. The situ- 
ation has led columnist Arthur Krock of the New 
York Times to comment: 

“With this involvement came the end of the De- 
partment’s service to (First Secretary of Defense 
James) Forrestal’s principle . . . that, since it is 
accountable for the military security of the entire 
population of the United States, direct participation 
by the Department in the interest of one side of a 
partisan political issue is a gross impropriety and an 
impairment of its function.” 

Having forsaken the principle, the Administration 
has no excuse for cancelling this badly-needed series 
of briefings. In such a light, the cancellation itself 
appears a desperate effort to shore up politically a 
position already abandoned. The briefings were too 
important for such a partisan decision. 


William J. Coughlin 


missiles and rockets, October 5, 1964 


é 


rd 


Employment opportunities for those who would 
apply electronics as an interdiciplinary science 
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SIGNAL PROPAGATION AT 1900° 


The interrelationship of function, environment 
and design has no greater example than that of 
the space antenna. Here, exposed to extreme pres- 
sures, temperatures, and electromagnetic inter- 
ference, reliability and stable performance are 
essential. 


During flights of the USAF Research and Tech- 
nology Division’s ASSET glide reentry research 
spacecraft, telemetry was radiated through re- 
entry plasma by a McDonnell Electronic Equip- 
ment Division (EED) designed and built high 
temperature X-band antenna. Another EED 
antenna on the high temperature craft, a VHF 
cavity backed U-slot survived the reentry heating 
without damage and began VHF radiation as 
soon as the plasma sheath was left behind. 


In programs such as this, McDonnell Electronic 
Equipment Division engineers are demonstrating 
the effectiveness of their approach to the applica- 
tion of electronics as an interdisciplinary science. 
The hostility of the space environment places 
severe tests on electronic equipment and systems. 
Weight and size restrictions remain paramount 
while resistance to space radiation, g-loads and 
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temperature variations become more important 
as the missions grow more complex. 


While the application of electronics in the space 
environment is a major program at McDonnell, 
systems and equipment under active development 
virtually blanket the environmental spectrums of 
earth, sea, and atmosphere as well as space. En- 
gineers enjoy the advantage of clearly defined and 
supported corporate objectives that lead projects 
out of the laboratories and into application. Well- 
equipped engineering laboratories and manufac- 
turing facilities combined with continued corporate 
reinvestment aimed at technological growth pro- 
vide the environment necessary for professional 
growth. Current requirements exist for electronic 
engineers capable of systems planning, simulation 
and integration for aircraft, spacecraft and mis- 
siles as well as advanced technological contribu- 
tions in the fields of plasma physics, information 
theory, laser technology and microwave tech- 
niques. Openings at all levels exist in the fields 
of Guidance & Control, Space Communications, 
Radar & Electro-Optics, Plasma Physics, Recon- 
naissance Sensors, ECM & Electronic Warfare, 
and System Integration & Testing. 
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HIGH HEAT RESISTANT RESIN 


After 100 hours at 700°F SKYGARD 700 provides flexural, flatwise strength 
from 23,000 to 35,000 PS]. These outstanding thermal aging characteristics 
and the high dielectric strength of SKYGARD 700 laminates make them impor- 
tant in. electrical insulation applications requiring high service temperatures. 
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Planning - 
SAGE-Type 
System 


AF Studies New 
Mobile Missile 


‘Big Rally II’ 
Now Operational 


Ladish Forging 
Big-Solid Rings 


Perkin-Elmer’s POSS 
Spacetrack Telescope 


Systems Analysts & 
Preliminary Design Engineers 
for Advanced Space Guidance 


& Control Systems 


Rapid expansion of space con- 
tracts, projects and studies at the 
HUGHES Aerospace Divisions in 
Southern California has created 
unusual opportunites for several 
qualified Engineers, Physicists 
and Mathematicians for Advanc- 
ed Space Systems assignments. 


Space-mission openings are avail- 

able in the following areas: 

a INTERPLANETARY GUID- 
ANCE & NAVIGATION 


a TRANS-LUNAR GUIDANCE 
& NAVIGATION 


= EARTH ORBIT NAVIGATION 


a RENDEZVOUS & RE-ENTRY 
GUIDANCE 


Current requirements include: 


Guidance & Navigation 
System Synthesis 

To study and develop guidance 
and navigation equations and 
techniques; make feasibility and 
error analyses; establish subsys- 


WE PROMISE YOU A REPLY WITHIN ONE WEEK. 


An equal opportunity employer. 


tem and component require- 
ments; conduct system prelimi- 
nary design; plan inertial, optical 
and electro-magnetic instrumen- 
tation. 


Control System Synthesis 

Toanalyze control system require- 
ments for various space vehicles; 
establish subsystem and compo- 
nent requirements; conduct sys- 
tem preliminary design; study 
measurement instrumentation 
and torque-producing equipment. 


Simulation 

To plan digital simulation for 
studies related to earth orbital, 
trans-lunar, interplanetary and re- 
entry trajectories; analog simula- 
tion of rendezvous guidance and 
control systems. 


Applied Mathematics 


Space mathematics applications 
related to orbit determination, tra- 


jectory analysis, optimization pro- 
cedures, perturbation theory and 
space mechanics. 


if you hold an accredited Engi- 
neering, Physics or Mathematics 
degree, are a U. S. citizen and feel 
that you are qualified by interest 
and experience in one or more of 
these areas, please airmail your 
resume to: 


MR. ROBERT A. MARTIN 
Head of Employment 
HUGHES Aerospace Divisions 
11940 W. Jefferson Blvd. 
Culver City 48, California 
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a CAPABILITY: 


from ablative materials research... 


This view inside BFG’s Plasma Arc Tunnel shows 
an ablative material sample under test. Gas veloc- 
ities up to Mach 3, thermal capacity up to 25,000 
BTU/Ib. help in evaluating improved materials for 
heat shields and other critical parts. 


This research tool is one of many B.F.Goodrich 
uses to evaluate and upgrade materials for re-entry 
vehicle requirements. Given desired performance 
data, BFG can formulate new polymers, compound 
new materials, evaluate and test, set up and operate 
a pilot plant for small-scale production quantities. 


After materials are selected, advanced techniques 
for fabricating parts of laminated plastics are 
brought into play at BFG. 


Fabrication methods include hand layup and 


pressure wrapping. To obtain required ablative and 
structural qualities of wrapped parts, windings may 
be axial or bi-axial and the impregnated tape may 
be wound flat or on a “shingle angle” for pre- 
selected orientations of the fiber. After hand layup 
or winding, parts are pressure cured in huge auto- 
claves, then machined to specified dimensions. 
X-rays and other tests are used throughout the 
process as part of the rigid quality control system. 


BFG experience covers several of the most im- 
portant re-entry vehicles. This capability from basic 
research to finished heat shield is at your service. 


Forbrochure contact B.F.Goodrich Aerospaceand 
Defense Products, a division of The B.F.Goodrich 
Company, Department MR-10, Akron, Ohio 44318. 
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fabrication development ...to finished heat shield 
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Re-entry vehicle heat shield produced for Bendix Corporation. 
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TACTICAL MISSILES 


Extensive activity in the development of tactical missiles offers a 
variety of opportunities to engineers and scientists. Specifically, 
these opportunities are in the following fields: 


MISSILE AERODYNAMICS 


Conduct analytical and experimental studies to determine basic 
aerodynamic characteristics of advanced tactical missile designs. 
Establish propulsion system requirements using estimated aero- 
dynamic characteristics. 


FLIGHT DYNAMICS 


Initiate and conduct advanced analyses in flight dynamics and 
dynamic behavior of closed loop systems with the aid of analog 
computers and dynamic flight simulators for determining 
advanced tactical missile design requirements. 


DESIGN INTEGRATION 


Conduct preliminary design integration studies including 
interface compatability, logic, information flow and power dis- 
tribution. Conduct preliminary vehicle sizing with a working 
knowledge of trajectory analyses, propulsion performance and 
component design. 


VIBRATION AND FLUTTER 


Conduct vibration and flutter analyses of advanced tactical 
missile configurations. Develop advanced analytical techniques 
for determining vibration and flutter characteristics. 


PROPULSION 


Originate and conduct analyses of advanced tactical missile 
propulsion system including solid, liquid and hybrid rocket 
engines and air breathing systems. Investigate new propulsion con- 
cepts and determine applications for advanced tactical missiles. 


GROUND SYSTEMS 


Formulation of requirements and preliminary system design 
of automatic and semi-automatic electronic checkout equipment 
for missile and ground systems. Determine requirements for mis- 
sile handling and service equipment including mechanical, elec- 
tromechanical, electrical, and fluid systems. 


ORDNANCE 


Perform analysis, preliminary design and integration of war- 
heads and conceptual mechanizations for fuzing systems for non- 
nuclear and nuclear warhead systems. 


FLIGHT MECHANICS 


Initiate and conduct studies to develop methods for determin- 
ing the trajectory which maximizes a desired trajectory character- 
istic for a given set of constraints. Requires a strong background 
in mathematics, including a working knowledge of the calculus 
of variations, gradient methods, and dynamic programming. 


To arrange to visit our plant and discuss our programs, please 
write to: Mr. J. H. Papin, North American Aviation, Inc., 4300 
East Fifth Avenue, Box MR 690, Columbus, Ohio 43216. 


All qualified applicants will receive consideration for 
employment without regard to race, creed, color or national origin. 


COLUMBUS DIVISION 2s NORTH AMERICAN AVIATION 


—_—letters-——— 


‘The Briefing’ 


To the Editor: 

Id like to compliment you on your 
editorial in the Sept. 28 M/R (“The 
Briefing”) 

It’s factual, hard-hitting, humorous— 
and I wish I'd written it myself. What 
more can I say? 

I have never before written anybody 
complimenting him on an editorial. 

Malcolm W. Boyd 
Palo Alto, Calif. 


To the Editor: 


Your (Sept. 28) editorial outdid them 
all. I think you missed your calling—you 
really should write a sophisticated satire 
for an outstanding Broadway success! 
Seriously, I think you hit the nail on the 
head and got the message across to the 
reader. 

Keep up the good work. 

W. J. Hesse 

Vought Aeronautics Div. 
Ling-Temco-Vought, Inc. 
Dallas 


To the Editor: 


Reference your Sept. 28 editorial. 

An editor who, at this late date, is not 
familiar enough with the policies of the 
national Presidential candidates to know 
that Sen. Barry Goldwater believes this 
nation cannot survive without heavy re- 
liance on missiles and that our defense 
system also needs the versatility offered by 
a strong combination of missiles, aircraft 
and naval vessels, cannot be considered a 
competent editor. 

Mrs. W. F. Davies 
Lompoc, Calif. 


To the Editor: 
Congratulations. 
; M. G. Sturgis 
Santa Ana, Calif. 


Reprints of ASW Report 


REPRINTS of the entire 
Special Report on Anti-Sub- 
marine Warfare published in 
the September 21 MiIssILES 
AND ROCKETs may be obtained 
from: 


Research Department 
Missiles and Rockets 
1001 Vermont Avenue, NW 
Washington, D.C. 20005 


Price is $1.00 per copy. Bulk 
rates upon request. 
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Firing-pin in Space 


When the man in the blockhouse pulls the trig- 
ger, the “firing pin” that sets off the action on 
a space-borne missile thousands of miles away 
better be foolproof. 

Whether it’s initiation, thrust, termination, sep- 


aration, actuation, ignition or destruct, Link’s 
Ordnance systems offer the reliability 
the mission requires. 

Testimonials? Alphabetically they 
read Agena, Apollo, Minuteman, 
Pershing, Polaris, Saturn, Titan II 


LINK GROUP 


Pt eee a | 
&S> CGENERAL 
PRECISION ine. 


BINGHAMTON, NEW YORK 


and Titan Ill. General Precision’s Link Ordnance 
systems have played an essential role in the 
success of each of these missiles. When the need 
is for a “firing pin’ that responds only to the 
proper sequence of commands...that can’t be 
fooled into premature firing or misfires by stray 
currents, RF fields, radiation or im- 
pact...the answer is at Link Ordnance. 
Link Group, Ordnance Division, 670 
Arques Ave., Sunnyvale, Calif. TWX 
No. Gen Prec Sunv 408-737-9970. 


Circle No, 2 on Subscriber Service Card 


PRODUCTS GET MORE ENGINEERING AT ROHR 


... because here design engineers are men with years 
of factory experience...men who follow products 
through from design to production to delivery. 
Naturally, they make their design decisions with full 
consideration of weight, strength, environmental and 
other factors but also with full consideration and 
practical knowledge of tooling, manufacturing and 
inspection. There has always been close harmony here 
between design and production areas. It’s a Rohr 
philosophy. It’s unusual, but it’s a fact and it works to 
customer advantage every time. One thing more... 
at Rohr it’s commonplace for engineers to follow up 
on products after shipment...to test and check and 


guarantee performance in the field. For the antenna 
structures and major missile or aircraft components 
you may need, we'd like to prove that you’ll get more 
for your money at Rohr. Write Marketing Manager, 
Rohr Corporation, Dept. 84, Chula Vista, California. 


MAIN PLANT HEADQUARTERS: CHULA 
VISTA. CALIF./PLANT: RIVERSIDE, 
CALIF, /ASSEMBLY PLANTS: WINDER, 
GA.; AUBURN, WASH. 
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The Countdown 


WASHINGTON 


TMRBM Contracts = Minuteman II 


If the Transportable Medium Range Ballistic Missile (see 
p. 16) is approved for development, the contractor structure 
probably will be essentially the same as that of the Minute- 
man II program. Boeing will be missile assembly and check- 
out contractor, Aerojet will have the first stage of tbe 
TMRBM and Hercules the second stage. Autonetics will 
supply the guidance system. A new addition will be Bunker- 
Ramo, whicb is responsible for the command and control 
system of MMRBM. Re-entry vehicle and transporter- 
launcher contractors are less evident. Aeronutronic and 
Goodyear had these portions of the MMRBM, but whether 
they would get similar responsibilities for TMRBM is ques- 
tionable. 


STINGS Headed for Junk Pile? 


When MMRBM was cancelled and its stellar inertial 
guidance system (STINGS) continued, it was widely as- 
sumed that the latter had a bright future. However, a DOD 
official tells CoUNTDOWN the program is being continued 
only as “an advanced development” to demonstrate the 
feasibility of such a system. He adds that “there are no plans 
to fully develop STINGS unless we can find applications 
for it.” One application already mentioned by the Air Force 
is precision orbit and recovery. Meanwhile, the STAFF 
program continues to slip, and the Air Force says only that 
“schedules are being constantly reviewed.” 


Reds Snarl Space Medicine Cooperation 


U.S. and Soviet negotiators will try at a meeting next 
month to salvage the space-cooperation agreement to ex- 
change data on space medicine. Russians backed out of the 
pact under a provision that allows each nation a 90-day 
escape hatch after tentative agreement has been reached. 
They want scientists from both nations to write on different 
subjects. U.S. position—and the basis for the tentative agree- 
ment—was that a writer from each nation would produce a 
book on specific space-medical programs and that these 
would then be exchanged. 


. . . And Take New Anti-ComSat Tack 


Russia continues to attack the Communications Satel- 
lite Corp., but less harshly than it did last month at the IAF 
Meeting in Warsaw. At last week’s opening session of the 
legal subcommittee of the UN’s Committee on Peaceful 
Uses of Outer Space, the Soviets, oddly enough, attacked 
ComSat on grounds easy for the U.S. to rebut. The Russian 
delegate said in essence that international systems should 
be agreed to between governments and not “at the level of 
pYivate capitalist enterprises.” The U.S. representative re- 
minded the subcommittee that the principal international 
agreement on ComSat was signed by 14 governments—after 
which a supplementary pact was signed by “communications 
entities designated by governments.” 


Three Bostonians Get ERC Assignments 


NASA bas picked three men—all Boston residents— 
for top-level posts at the new Electronics Research Center. 
James B. Cahalane, formerly an assistant director of the 
space agency’s Northeastern Office, has become chief of 
procurement. James T. Dennison has been appointed direc- 
tor of technology utilization, effective Nov. 1. And Walter 
J. Stuart, previously chief of administrative services at the 
Army’s Watertown (Mass.) Arsenal, has been chosen for 
the same job at ERC. 
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MILA To Go Under Wraps 


NASA will close most of its 88,000-acre Merritt Island 
Launch Area to the public on Nov. 1. Dr. Kurt Debus, 
Kennedy Space Center director, says the move has been 
planned for some time and will ensure safety of the public 
and protection of government property. Provisions are being 
made to badge NASA and contractor personnel—and the 
owners of citrus groves still located within the launch area. 


Titan III-A Foregathers at Cape 


First stage of the second Titan III-A is due to arrive 
at Cape Kennedy this week. The second stage and Transtage 
are expected to follow shortly. 


Mariners Readied for Early November 


Tentative launch dates for Mariner shots to Mars have 
been set for Nov. 4 and 6, although if the first vehicle ap- 
pears to be on a good course the second will be held for 
launch near the end of the window. If the first shot is not 
good, the second spacecraft will be launched on Nov. 6. 
Atlas-Agena vehicles and spacecraft are now in place on 
Complexes 12 and 13 of Cape Kennedy. 


INDUSTRY 


Hughes Chosen for New Surveyor Study 


Hughes Aircraft Co. has been selected by NASA to study 
possible use of the Surveyor spacecraft as a lunar probe. 
Surveyor would be ejected from an Apollo spacecraft to tbe 
Moon’s surface while the manned vehicle was in lunar orbit. 
Six-month investigation will be worth about $100,000. 


AF Developing Air-Recoverable Rocket 


Air Force Special Weapons Center has asked industry for 
proposals to develop an air-launched, air-recoverable rocket. 
Presumably such a system would be launched into a radioac- 
tive cloud to collect samples, then recovered by the mother 
aircraft in a less hazardous area. 


Advanced Military Comsat To Be Studied 


Contracts are likely to be let to industry within tbe next 
few montbs for studies of an advanced, follow-on military 
communications satellite system, Thomas Rogers, assistant 
DDR&E director, told the International Space Electronics 
Symposium in Las Vegas. Primary emphasis will be placed 
on longer satellite lifetimes—on the order of at least three 
years and preferably five. 


INTERNATIONAL 
ESRO Preparing Telemetry Purchase 


A large order for rocket-borne telemetry soon will be 
placed by tbe European Space Research Organization 
(ESRO). Firms with European outlets will be preferred. 
Total ESRO budget for 1964-67 is $72 million. ESRO also 
is negotiating for satellite tracking stations at Fairbanks, 
Alaska, and in Belgium, the Falkland Islands and Spitzber- 
gen, Norway, it was disclosed at the International Space 
Electronics Symposium. 


Dutch Building Telescope Network 


Tbe Netherlands plans to construct a new syntbesis 
radio telescope network at an estimated cost of $4.2 million. 
It will consist of ten 82-ft.-dia. telescopes located at 492-ft. 
intervals in the Dutch province of Drenthe. 


9 


The Missile/Space Week 


DOD Comsat Plans Rapped 


A Congressional committee in a 
eaustic report has told the Depart- 
ment of Defense that it should drop 
plans to launch the first military 
communications satellites on the ex- 
perimental Titan III-C, and_ start 
work immediately on a program us- 
ing the Atlas-Agena. 

The House Military Operations 
subcommittee headed by Rep. Chet 
Holifield (D-Calif.) also recom- 
mended that DOD use the three 
Titan ITI vehicles that are available 
to the program for launching syn- 
chronous satellites instead of the 
medium-altitude random satellites. 

If DOD does not elect to use 
Titan IIT to launch to the synchron- 
ous altitude, the committee said, the 
alternative approach would be to pro- 
cure communications satellites that 
could be used on both Atlas-Agena 
and Titan III. Placing one in 19,000- 
mi. equational orbit and one at 6,000- 
mi. polar orbit would minimize risk 
and give better coverage, the report 
stated. 

The entire handling of the DOD- 
ComSat Corp. affair was sharply rap- 
ped. The committee said it was not 
the intent of Congress that such 
budget restraints be imposed by the 
Secretary of Defense on the com- 
munications satellite program. “Had 
the Department moved ahead accord- 
ing to plans and policies laid down 
two years ago and approved by the 
Joint Chiefs of Staff, a system could 
have been operating now,” the group 
said. 


Re-entry Vehicle Flown 


An experimental re-entry vehicle 
carrying 25 experiments was 
launched Oct. 2 aboard an Air Force 
Titan II missile from Vandenberg 
AFB, Calif. The General Electric 
Mark 6 re-entry vehicle was the sec- 
ond or third such re-entry probe that 
has been flown as part of the Ad- 
vanced Research Projects Agency 
(ARPA) Defender program. More 
flights of the re-entry probe are 
planned. 

Among the experiments carried 
were Langmuir probes to measure 
electrical properties of the re-entry 
plasma, magnetic conductance coils 
to measure conductivity of the 
plasma, an impedance probe to trans- 
mit an electromagnetic wave into the 
plasma to measure electron density 
and collision frequency, a rocking 
grating spectrometer to obtain in- 
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formation on the gaseous products 
of ablation, a wake angle scanner 
to measure amount and distribution 
of infrared energy in the re-entry 
wake, and an electrostatic field meter 
to measure the electric potential of 
the vehicle during flight. Quartz win- 
dows in the skin of the re-entry ve- 
hicle allowed instruments to view the 
plasma sheath. 

The Titan IT flight itself was part 
of an operational SAC launch test. 


MMRBM Cancellation Hit 


The State Dept. has been blamed 
for the demise of the Air Force’s 
Mobile Medium-Range Ballistic Mis- 
sile (MMRBM). 

In an Oct. 7 statement prepared 
for insertion in the Congressional 
Record, Rep. Gerald R. Ford (R- 
Mich.) charged that the State Dept’s 
preference for a Multilateral Force 
(MLI‘) in Europe and not lack of 
Congressional support caused MM- 
RBM’s cancellation. 

Ford, chairman of his party’s 
House Conference Committee, is 
ranking minority member on the 
Defense Appropriations subcommit- 
tee. He said State pressured the 
Defense Dept. to drop the MMRBM 
program and refused to actively pur- 
sue negotiations for MMRBM de- 
ployment rights on foreign soil be- 
cause it favored the MLF for reasons 
of its own. 

“State ... clearly indicated that 
they prefer the MLF to be used in 
the defense of Europe particularly 
and in other parts of the world 
where this type of weapons system 
(MMRBM) would be required,” Ford 
said. 

“In their justifications of the 
MLF, one can clearly see the argu- 
ments they would use for discour- 
aging the MMRBM concept. It is 
reasonable therefore to expect that if 
the MMRBM ever becomes opera- 
tional, it would be more difficult to 
proceed with the MLF concept.” (See 
related story, p. 16). 


Saturn Modification Award Let 


NASA has awarded two contract 
modifications totaling $14,754,418 to 
Boeing Co.’s Aerospace Div. for work 
on the Saturn V first stage. ; 

The first award, worth $11,836,- 
000, calls for Boeing to conduct a 
structural static load testing pro- 
gram on the S-IC. The second con- 
tract, valued at $2,918,418, is for 


design, development and manufac- 
ture of components for the S-IC 
stage umbilical connection and re- 
lated hardware. 


‘Snapshot’ Set for Spring 


An Electro-Optical Systems ce- 
sium-ion engine powered by SNAP- 
10A nuclear generator will be orbited 
by the Air Force next spring. The 
payload will be launched by an Aflas- 
Agena. 

Programmed for a flight time of 
90 days, the engine will develop a 
total thrust of 10 millipounds and 
will be cycled through at least 100 
on/off operations. The engine uses 
the recently announced zero-g fuel 
feed system based on the surface 
tension of cesium (M/R, Sept. 7, p. 
24-26.) 


RL-10 Contract Extended 


The space agency has awarded a 
one-year contract extension for de- 
velopment of the RL-10 rocket engine 
to Pratt & Whitney Div., United Air- 
craft Corp. 

The $14,790,000 contract provides 
for continued Saturn and Centaur 
flight support, production support 
and continued development of the ad- 
vaneed RL-10A3-3. Work will be per- 
formed at West Palm Beach, Fla. 


Shots of the Week 


NASA’s IMP-2 monitoring probe 
was launched from Cape Kennedy on 
Oct. 3, but fell short of its intended 
orbital path. Apogee was supposed to 
have been 161,000 mi., but the space 
lab reached a maximum of only 59,- 
400 mi. in its elliptical circuit. Rea- 
son for the failure was not immedi- 
ately determined, but the X-258 third 
stage of the Delta vehicle has been 
blamed for similar failures in the 
past when it has failed to produce 
the required kick. 

@ An AF Strategie Air Command 
crew successfully launched a Titan 
II missile from Vandenberg AFB, 
Calif., Oct. 2 on a training mission. 
The missile also carried an experi- 
mental re-entry vehicle (see item p. 
10). 

@ The Soviet Union on Oct. 6 
launched the 47th satellite in its Cos- 
mos series. 

@ The Air Force used a Thor- 
Able star booster to launch a secret 
satellite toward polar orbit from 
Vandenberg AFB, Calif., on Oct. 6. 
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Marshall Issues 25 RFQ‘s 


Marshall Space Flight Center has 
requested quotations from 25 firms 
for instrumentation for use in an 
extension to the Saturn V ground 
support equipment test facility. 
Deadline for quotations is Oct. 23. 

The facility will be used to test 
swing arms, hold-down arms and 
ground support equipment compon- 
ents before shipment to Cape Ken- 
nedy. The initial portion is now 
nearing completion. 


AIAA Nominates Horner 


Richard E. Horner, senior vice 
president of Northrop Corp. has been 
nominated president of the American 
Institute of Aeronautics and Astro- 
nautics replacing Courtland D. Per- 
kins, whose term expires in January. 


Information Exchange Improved 


NASA and the Dept. of Defense 
have agreed to adopt a common sys- 
tem for the exchange of information 
on research and technology. 

The agreement, signed by NASA 
Associate Administrator Robert C. 
Seamans and Dr. Harold Brown, Di- 
rector of Defense Research and En- 
gineering, is designed to improve 
communication and coordination be- 
tween the two agencies and reduce 
duplication of effort. 

Both agencies will now use a 
standard reporting form, covering 
about 45,000 items of research work, 
for information exchange. The forms 
are concerned with ‘“‘work units,” an 
element or effort with a “task area.” 
Officially, a work unit is a “natural 
unit into which research and applied 
research projects are normally di- 
vided for purposes of local adminis- 
racioneemee 


Interim ComSat Head Named 


John A. Johnson, vice president- 
international of the Communications 
Satellite Corp., has been named 
chairman of the international In- 
terim Communications Satellite Com- 
mittee. He will serve one year. 
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The Nose 
Gets Hot 


The front-end heat transfer problems of hypersonic flight— nose cone 
configurations, spacecraft designs, ablative cooling methods —-are studied 
in many laboratories. Aside from extensive programs in these well-publi- 
cized areas, however, Cornell Aeronautical Laboratory plays a leading 
role in solving the equally important but less understood problem at the 
other end of the missile: the destructive heating of the missile base. 


The possible result of radiation, external burning of fuel-rich mixtures, 
and-interaction and reverse flow of exhaust gases, base heating of rocket 
vehicles at high altitudes has been recognized as one of the major causes 
of mission failures. 


Extensive Cornell Aeronautical Laboratory experience in shock tube tech- 
nology has been adapted to this problem, with particular emphasis on the 
NASA/Marshall Space Flight Center Saturn program. CAL’s researchers 
duplicate rocket motor operations at model scale through a pressure altitude 
ranging from sea level to 350,000 feet. Variations of base heating with 
Reynolds number have been investigated and base recovery temperatures 
determined. Resulting data have been highly significant in the design and 
subsequent successful flight testing of Saturn stages. e 


This applied hypersonics project is only one of the areas of research in 
which CAL’s technical staff is leading the way. 


Others include computer sciences, applied physics, electronics, operations 
research, aerodynamic research, flight research, applied mechanics, vebicle 
dynamics, life sciences, and systems research. If your experience qualifies 
you to join this team, we invite you to mail in the coupon below. It will 
bring you an interesting briefing on this Community of science. 


ay CORNELL AERONAUTICAL LABORATORY, INC. 


Wa, 


a OF CORNELL UNIVERSITY 


Fifteen nations were representa- 


' 

i 
ted at the committee’s first meeting , J.M. Rentschier he si 
in Washington Sept. 29-Oct. 2. CORNELL AERONAUTICAL LABORATORY, INC. | 
Teer mores ustions@e formally |» Gultato-21, New York : | 
signed the international agreements j QO Beer eae Sei ation sank. factual, illustrated prospectus, “A Community of | 
establishing the global communica- |] qq im earintsrasteditn investigating job opportunities now but | would like to see 1 
tions system, bringing the total to 1 your latest “Report on Research at CAL | 
16 countries and Vatican City. New |! Name 1 
signatories are Ireland, Belgium and | 1 ae I 
Sweden. u : 
Next meeting of the Interim Com- | iy Zone SUB | 
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HONEYWELL ADVANCED TECHNOLOGY REPORT NO. 8 


HONEYWELL CERAMICS ADVANC 


ia 


“BIG BENDER” is one of the most compact low-frequency sonar transducers ever built. Designed by Honeywell as a research sound source for the U. S. Navy 
Underwater Sound Laboratory, New London, Conn., this three-ton unit is made up of 90 bender bars, each of which uses 52 elements of Honeywell K-12 precision 
ceramics that are machined to within two-thousandths of an inch. The ceramic bender bars are able to withstand high internal stresses resulting from the large excur- 
sions necessary to produce a four-kilowatt output at 117 cycles per second. The “Big Bender’ has an electroacoustic conversion efficiency of greater than 50 per 
cent and is capable of operating for one year at depths to 1000 feet. Similar Honeywell bender transducers operating at somewhat higher frequencies have shown 
efficiencies as high as 60 per cent. 


JNAR TRANSDUCER TECHNOLOGY 


High-efficiency ceramics extend the 
range and durability of sonar transducers 


Through significant advances in under- 
water acoustic technology and high- 
efficiency ceramics, Honeywell has been 
able to design sonar transducers that 
provide lower frequencies, lower oper- 
ating depths and higher power for 
some of the nation’s most advanced 
underwater sound programs. 

To meet these requirements, Honey- 
well is producing three types of 
ceramics that are now available to the 
industry: 


e Lead zirconate /titanate 

e Modified lead zirconate/titanate 

e Barium-titanate 

This range of basic materials, cou- 
pled with Honeywell’s unique capabili- 
ties in custom-building elements of 
various piezoelectric properties, pro- 
vides a selection of quality ceramics 
that meets the demands of the most 
advanced sonar transducer designs. 

Although it is common practice to 
test each ceramic element before it is 


included in a system, the quality of 
Honeywell ceramics is so consistently 
uniform that many customers use the 
sampling technique of testing. To 
achieve such quality, Honeywell main- 
tains stringent control procedures 
throughout its ceramic manufacturing 
process. All ceramic materials meet 
IRE standards for electrical properties 
and are guaranteed to meet minimum 
standards. When the ceramic materi- 
als are processed, automated equip- 
ment controls and records the process. 
The result is uniform ceramics which 
permit sonar transducers to reliably 
meet design specifications at high 
power over long periods. 


ADVANCED TRANSDUCERS FOR ASW VEHICLES are being developed 
and produced by Honeywell. The multi-element array shown is a highly direc- 
tional transducer designed for use in a sonar projector-receiver system. 


CERAMIC TRANSDUCERS of various shapes, sizes and characteristics have 
been brought to a high degree of development by Honeywell. Having a high 
fate of exact reproducibility of electrical and mechanical properties, these 
ceramic elements meet specifications for a variety of acoustic applications. 


Honeywell transducers operate in 
all types of undersea conditions 


The ultimate performance of a sonar system depends criti- 
cally on its transducer, and a transducer is no more effective 
than its ability to meet system requirements in the prevail- 
ing acoustical conditions of a body of water. 

At Honeywell, achieving the best combination for a par- 
ticular application results from close cooperation between the 
transducer designer and the systems engineer who consider 
trade-offs such as bandwidth, efficiency, depth capability, 
and the electrical system parameters governing the per- 
formance of transmitters, receivers, and beam-forming and 
signal-processing networks. 

During ten years of participation in the Navy’s sonar 
programs, Honeywell has gained a thorough understanding 
of underwater acoustics, undersea warfare systems and sonar 
instrumentation. This has resulted in the design and produc- 
tion of a successful family of sound projectors and hydro- 
phones including: 

e Longitudinal vibrators 

e Circumferential vibrators 

e Flexing-disc transducers 

e Flexing-beam projectors (‘“‘bender bars’’) 
e Extensional-flexural elements and arrays 
e Reference hydrophones 


Each of these configurations requires ceramic materials of 
the highest uniformity and quality to meet the exacting 
demands of the particular application. As an example of the 
capabilities of the ceramics in its systems, Honeywell today 
produces transducers covering a range of frequencies from 
45 cycles through several hundred kilocycles per second, 
acoustic power ratings of several kilowatts and operating- 
depth capabilities to the bottom of the deepest ocean trenches. 


WE INVITE YOUR REQUEST for further information on Honey- 
well ceramics or sonar transducers. Please specify your 
interest by writing on your letterhead to Honeywell, M.S. 
847, 600 Second Street North, Hopkins, Minnesota 55348. 


Honeywell 
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An exclusive report. . 


NATO Plans SAGE-Type System 


NADGE Europe’‘s biggest electronics program; with other NATO 
infrastructure projects, affords billion-dollar market 


PaRIsS—-NATO is about to tie to- 
gether its European antiaircraft defense 
into what is expected to be the most 
modern air-defense system yet devised. 

The program will be the biggest 
electronics project in Europe—budgeted 
at $308 million. Known as NADGE 
(NATO Air Defense Ground Environ- 
ment) it is a SAGE-like system. 

Composed of radars, data-handling 
and communications equipment, NA- 
DGE will be used to detect airplanes, 
receive and process data, and give com- 
mands to NATO weapons installations, 
fighter aircraft and missile batteries. 

Distribution of NADGE requests 
for proposals to industry in NATO 
countries is imminent. It is expected 
that a contract will be signed with a 
consortium by mid-1965. 

A historic note was struck when the 
NATO Council agreed to spend 30.85% 
of the NADGE program money with 
U.S. industry. This figure is the propor- 
tion‘of NATO Infrastructure expenses 
currently paid by the U.S. government. 
Other NATO countries (except Luxem- 
bourg and Iceland) will similarly get a 
return on their current NATO Infra- 
structure contributions. 

Elements of U.S. industry and gov- 
ernment have criticized this formula on 
the basis that such an electronics proj- 
ect is a “natural” for U.S. industry, 
which otherwise could have won more 
than its allotted percentage. 

However, many members of the 
US. delegation to NATO and several 
tepresentatives of U.S. industry here 
do not share this view. 

@ A billion dollars left—NATO In- 
frastructure is the commonly funded 
program of fixed installations necessary 
for deployment of NATO troops—air- 
fields, missile bases, telecommunica- 
tions, fuel pipelines, and naval bases. 
(Infrastructure is a French word origi- 
nally used in railroad construction to 
designate the physical facilities neces- 
sary for a railroad line such as the road 
bed, bridges and culverts. It is now 
internationally accepted to denote fixed 
installations both of a defense and non- 
defense nature.) 
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by William Beller 


NADGE is only one of NATO’s 
Infrastructure projects. In fact, the 
money to be spent for NADGE is a 
small part of the nearly $3.5 billion 
that NATO, since 1951, has agreed to 
spend on its Infrastructure programs. 
A high-ranking NATO official estimates 
that nearly one billion dollars, or about 
one-quarter, of this money is yet to be 
spent. 

He further told Mil£ssiILES AND 
Rockets that unlike the early Infra- 
structure money, used chiefly for air- 
field construction and other concrete- 
pouring jobs in which local industry had 
the advantage, much of the yet-unob- 
ligated money will be spent on advanced 
communications, data processing and 
other electronic equipment which only 
highly industrialized countries can pro- 
duce. 

The average annual increment for 
NATO’s common Infrastructure fund 
over the past eight years has been on 
the order of $175 million. The present 
four-year program terminates in 1965, 
but steps are under way to assure its 
continued growth. 

With Infrastructure installations be- 
coming more sophisticated, the oppor- 
tunity for U.S. industry to do business 
with NATO has increased. Yet because 
a large part of American business 
seemingly is unacquainted with the 
operation and mission of NATO In- 
frastructure, the Dept. of Commerce 
may soon set up a commercial aide in 
Paris to help U.S. industry learn more 
about it. 

This suggestion has been made by 
several industrial and government 
sources, especially since within the next 
year or so NATO Infrastructure ex- 
pects to spend more than $100 million 


for electronics and communications 
equipment over and above the NADGE 
project. 

@® NADGE consortia forming— 


Early this year, the U.S, delegation in 
NATO was able to inform U.S. industry 
on a classified basis of the preliminary 
plans and specifications of NADGE. 
As a result, several consortia were 
formed between U.S. and European 


companies. One is headed by Litton 
Industries; others are said to be headed 
by Hughes and Westinghouse. 

There is little doubt that one con- 
sortium will handle the entire NADGE 
project. However, this group will be re- 
quired, as part of its bid, to allot to 
industry in each NATO country an 
amount of business proportional to the 
relative contribution of that country 
to the current NATO Infrastructure 
budget. It is understood that this is 
the basis on which some consortia are 
currently organizing. 

It is not yet clear which NATO 
office will eventually implement NAD- 
GE. Thought is being given to setting 
up a new office whose sole mission 
would be this project, Nevertheless, the 
contact point for U.S. industry inter- 
ested in NADGE (as well as in other 
Infrastructure work) is the U.S. dele- 
gation here. 

With the exception of NADGE, all 
Infrastructure projects are carried out 
by host nations as agents. This means 
that the contracts are awarded not by 
NATO or Infrastructure but by the 
construction or procurement services of 
these nations. “There are NATO rules 
to ensure fair international competition. 
but it must be remembered that the 
rules and procedures of the host coun- 
try must be observed as well as those 
of NATO,” Morris Chase, head of the 
Infrastructure Directorate, told M/R. 

“One of the significant contributions 
to international cooperation has been 
the introduction of an international 
competitive bidding procedure to en- 
sure the best and fairest value for each 
Infrastructure dollar spent,” he added. 

The Infrastructure program is ad- 
ministered by two senior Committees 
of the NATO Council: the Infrastruc- 
ture Committee, which makes policy; 
and the Payments and Progress Com- 
mittee, which exercises budgetary con- 
trol. They are assisted by the NATO 
International Staff Infrastructure Direc- 
torate, which is the largest office in the 
NATO headquarters in Paris. This Di- 
rectorate is part of the Production, 
Logistics and Infrastructure  Div., 
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COMMON INFRASTRUCTURE PROGRAMS 


IN MILLIONS OF DOLLARS 


Slice I in 1949.................- 3 100 
Slicem MWe LANs ercvamimenctss steer ree te 
Slicer INN Mint 19520 cree cece ee ce ne 1,830 


Slices V, VI, Vil in 1953............... 
Slices VIIb, VIII, IX, X, Xl in 1956 .... 


Slices XII, XII, XIV, XV, in 1961...... 


Tatal for the 15 slices financed by NATO 3,480* 


* Abaut 25% still unobligated. 


TYPE OF PROJECT 


(Nan-NATO—Western Union) 
signals cammunicatians, 


airfields and 


Airfields, signal cammunicatians, war HQs, 
POL system, naval facilities and training in- 
stallatians. 


war HQs, 
POL system, naval facilities, early-warning 
radar installatians (farward scatter), graund- 
ta-air missile sites. 


Airfields, signal cammunicatians, 


Similar types of warks as far the preceding 
slices plus electranic devices far air-defense 
installatians including NADGE. 


headed by Johnson Garrett, Assistant 
Secretary-General, 

@ Spurred by White House—The 
White House, as well as the U.S. Dept. 
of Defense, has been taking an in- 
creasing interest in boosting sales of 
U.S. defense products overseas. In ad- 
dition to improving the defense of 
Europe, the Administration is eager to 
encourage U.S. defense sales abroad to 
stem this country’s gold flow. Last year 
the outflow amounted to about $2 bil- 
lion—almost exactly the amount used 
in the same period to support American 
military forces abroad. Thus, the U.S. 
government set a goal of $1 billion in 
defense materials sales overseas for 
1964, and increasing amounts for sub- 
sequent years, 

To aid in this effort, Roswell Gil- 
patric, then Deputy Secretary of De- 
fense, sent a letter last year to high U.S. 
government officials abroad urging them 
to help U.S. industry in its sales efforts. 
Many U.S. ambassadors and highly 
placed generals at first were cool to the 
idea because, as one of them put it, 
they did not consider themselves “over 
here to sell for U.S. companies.” But 
this attitude has softened considerably 
under continuing DOD and industry 
pressure. The feeling now is that Amer- 
ican firms should be put at least on the 
same footing as their European com- 
petitors. 

“By God,” said a member of the 
U.S. delegation to NATO, “‘there’s not 
a (U.S.) Government man in Europe 
who doesn’t have the word now.” 

He hastened to point out, though, 
that U.S. government interest alone will 
not make business for U.S. companies. 
“They will have to be competitive and 
build on the opportunities at hand— 
such as NADGE,” he said. He estimated 
that about two-thirds of the NADGE 
money will buy radars, data-handling 
and communications equipment. The 
rest will go for installations and check- 
out. 
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Further opportunities lie in the 
follow-on work. A NATO official esti- 
mates that an amount of money equal 
to about one-fifth the total cost of 
NADGE will be needed each year to 
pay for its operation and maintenance. 
Of this, he felt, U.S. industry could 
get at least five or six percent. 

® Aid from U.S. delegation—Asked 
how the U.S. delegation to NATO is 
helping U.S. industry, John Hooper, 
Defense Advisor to the delegation, with 
rank of minister, said, “U.S. industry is 
getting equal and timely access to NA- 
TO information—sufficient to put U.S. 
industry in a competitive position with 
industry of other countries.” He said 
that the help his staff is giving U.S. 


industry is the result of earlier positive 


steps taken by DOD. 

As an example, Rear Adm. William 
E. Sweeney, Director of Research, De- 
velopment Projection and Logistics Div. 
(U.S. Delegation), told of recently 
forming an adjunct to the Secretary of 
Defense’s Defense Industry Advisory 
Committee (DIAC) to act as an ad- 
visor to the U.S. delegation to NATO. 
While DIAC is made up of 25 key in- 
dustrialists in the U.S., the European 
counterpart called DIAGE (Defense 
Industry Advisory Group, Europe), 
has nine members, each a representa- 
tive in Europe of a major U.S. company. 

Chartered by the Secretary of De- 
fense, DIAGE ties in with the Export 
Subcommittee of DIAC through its 
chairman, Henry Kuss, Jr. One of 
DIAGE’s current projects, begun only 
last month, is to analyze the procure- 
ment policies of each NATO country 
and report on them for the benefit of 
the U.S. industrial community as well 
as for the U.S. government. 

®@ Research directors’ summit—One 
of NATO’s big problems is the diffi- 
culty in getting countries to agree on 
jointly producing new weapons or weap- 
ons systems made in one of the coun- 
tries, particularly if they are expensive 


and can be made equally well elsewhere 
in NATO. “Suppose we have to choose 
a V/STOL for NATO,” proposed Dr. 
John L. McLucas, NATO Assistant 
Secretary General, Scientific Affairs 
Div. “How do we do it? Each country 
likes its own.” 

The solution, McLucas suggested 
to M/R, is to “divide the pie before it 
is baked.” This will be the work of a 
newly organized NATO committee, 
which McLucas chairs, called the De- 
fense Research Directors Committee 
(DRDC); it will work in close coopera- 
tion with NATO’s Armament Commit- 
tee. Representing the U.S. will be Dr. 
Harold Brown, Pentagon Director of 
Defense Research & Engineering. His 
counterparts in the other NATO coun- 
tries will also be on the committee. 

DRDC meetings, the first of which 
was scheduled to be held here last week, 
consider the advanced projects needed 
by NATO, and then how best to divide 
the work among the NATO nations. 
By this means, “there will be no problem 
of considering existing weapons sys- 
tems, because they will not have been 
born,” said McLucas. 

At the same time, the Science Div. 
will also deal directly with the NATO 
military, learn their needs for the late 
1960’s and early 1970’s, and feed them 
to the DRDC for discussion and recom- 
mendations. 

McLucas also wants to take advan- 
tage of the contributions that operations 
research can make toward NATO force 
planning for the 1970’s. As a first step, 
he is trying to organize an international 
operations research conference to be 
attended by key workers from the 
NATO countries, who will give papers 
and discuss the various aspects of force 
planning. 

The work of McLucas complements 
the Infrastructure program and is out- 
side it with respect to weapons them- 
selves—but not with respect to their 
fixed installations and integration into 
a defense system. 

The NATO Infrastructure program 
is often cited as one of the alliance’s 
great accomplishments. Since its incep- 
tion 14 years ago, several thousand proj- 
ects—some small and others costing 
millions of dollars—have been built, 
from the North Cape of Norway to 
the easternmost boundary of Turkey. 
These include over 200 airfields, 5,000 
miles of pipelines, over two million 
cubic meters of fuel storage, 30,000 
miles of communications links, dozens 
of naval bases and hundreds of missile 
bases. 

With the advent of NADGE, and 
logical follow-on projects, NATO In- 
frastructure is moving into an area in 
which U.S. industry can effectively com- 
pete with European companies. a 


15 


Lower development costs... 


TMRBM, Based on Minuteman II, 
Studied as Replacement for MMRBM 


by James Trainor 


THE DEFENSE DEPARTMENT 
is moving to fill the gap left by can- 
cellation of the Mobile Medium Range 
Ballistic Missile (MMRBM) with a 
“two-thirds Minuteman II.” Billed as 
the Transportable Medium Range Bal- 
listic Missile (TMRBM), the new sys- 
tem would use the second and third 
stages of the advanced Minuteman, plus 
that ICBM’s guidance system. 

Development costs for such a mis- 
sile, Defense officials say, would be 
one third to one-fourth the $700-800 
million estimated cost of MMRBM. In 
fact, the entire emphasis in the two- 
thirds Minuteman concept is on low- 
development-risk, off-the-shelf hard- 
ware. “Where there is a development 
risk involved, we have invited alterna- 
tives,” a Defense official told MissiLes 
AND ROCKETs, “but we don’t want a 
new bird.” 

The Air Force has been directed by 
Defense Research and Engineering of- 
ficials to study the TMRBM to deter- 


mine whether a practical weapon can 
be developed with less development risk 
than in MMRBM. 

This study was ordered in February 
or March of this year and is to be sub- 
mitted to DDR&E by late November or 
early December. Although this is too 
late for normal consideration in the 
Fiscal 1966 Defense Budget, Defense 
officials point out that funds could be 
included in the budget in order not to 
delay the program if the study is ap- 
proved and development initiated. 

@ Limited mission—The transporta- 
ble missile would have a sharply limited 
mission, as DDR&E sees it. It would 
be used primarily as a system that could 
be introduced into a crisis situation to 
favorably influence, or restore, the bal- 
ance of power. Consequently, the sys- 
tem must be capable of world-wide 
rapid deployment in C-130, C-141 or 
CX-HLS-type aircraft. 

Unlike MMRBM, there are no plans 
to have this missile roving over the Eu- 
ropean continent and there has been no 
serious consideration of the system as a 
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LEM Metal 
Mockup 
Unveiled 


FIRST full-scale 
metal mockup of the 
NASA/Grumman 
Lunar Excursion 
Module is shown at 
unveiling at Grum- 
man’s Bethpage, 
N.Y., facility Oct. 8. 
The mockup, mostly 
aluminum, was cri- 
tiqued by space 
agency and Grum- 
man officials to final- 
ize the design. 


substitute for the Polaris in the Multi- 
lateral Force (MLF) concept (see re- 
lated story, p. 10). 

A DDR&E official stresses that the 
fact that TMRBM is being pursued 
should not be interpreted as a decision 
on DOD’s part to proceed or not to 
proceed. “There is no requirement for 
TMRBM,” he points out, “and there are 
no performance characteristics.” 

When the study is received, it will be 
evaluated and a decision will be made 
on whether to proceed or not. Still an 
“insurance” program in DOD’s eyes, de- 
velopment of TMRBM will depend to a 
degree on “the international environ- 
ment” at the time. 

@ Missile description—The trans- 
portable missile will have a range sub- 
stantially the same as that planned for 
MMRBM (300-1,500 n. mi.) and will be 
self-contained in one army-type tractor- 
trailer. Weight of the system will be 
more than that of the MMRBM (11,000 
Ibs.), however. Reaction time of the 
TMRBM will be greater than for 
MMRBM-—primarily because of the re- 
quirement to provide the missile with 
more launch position information than 
would have been required with the Stel- 
lar Inertial Guidance System (STINGS). 

Rather than the “cold launch” con- 
templated in MMRBM—ejecting the 
missile from a tube before igniting—it 
appears that the TMRBM will be 
launched directly from the transporter. 

Command and control requirements 
for the TMRBM, however, are expected 
to be as severe as they were for the 
MMRBM. Therefore, “unless the study 
indicates otherwise,” a DDR&E official 
says, “we will use the command and 
control system developed for MMRBM.” 

© Short development time—The 
TMRBM study—conducted by Aero- 
space Corp. and TRW/Space Technol- 
ogy Laboratories—has been completed 
and submitted to the Air Force Ballistic 
Systems Div. 

If approved for development, the 
TMRBM could be developed in 
“substantially shorter time than the 
MMRBM.” TMRBM grew out of a 
Boeing Co. proposal to DOD in March, 
1962. a 
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Anderson demands NERVA flight funds .. . 


Phoebus-Powered Second-Generation 


Engine To Have 250,000 Ibs. Thrust 


THE JOINT NASA/AEC Nuclear 
Propulsion Office has revealed that the 
second-generation nuclear rocket engine 
will have a thrust of 250,000 Ibs. 

The engines will be clustered in twos 
or fours to provide the minimum 1 mil- 
lion Ibs. of thrust required to launch 
manned spacecraft from Earth orbit on 
planetary flights to Mars. One or two 
would be used to brake into the Martian 
atmosphere. 

The engine will be powered by the 
Phoebus reactor, which has a design 
power level of 5,000 megawatts. 

Details of the Phoebus and engine 
programs were described by Harold B. 
Finger, director of the joint office, at 
the second NATO Advisory Group for 
Aeronautical Research and Development 
(AGARD) series of lectures on nuclear 
propulsion in Brussels. 

He said the engine will be the high- 
est-thrust powerplant that can be built 
using essentially the design concepts, 
control schemes, and material capabil- 
ities proved in the KIWI reactor and 
NERVA engine. 

@ Flight funds demanded—In an- 
other nuclear propulsion development, 
Senate Space Committee Chairman Clin- 
ton Anderson (D-N.M.) called on NASA 
to make available “an effective level of 
funds” for flight tests of the NERVA 
first-generation nuclear engine. 

He said the success of the recent test 
of NERV A’s NRXA reactor at the Nu- 
clear Rocket Development Station in 
Nevada (M/R, Oct. 5, p. 12) supports 
the argument that flight-program fund- 
ing is needed. 

“The nuclear-powered rocket, while 
recognized as an efficient system for long 
voyages into outer space, including in- 
terplanetary travel, may have a more 
immediate role to play as a logistic ve- 
hicle for a manned station on the Moon, 
if this is to be the nation’s next program 
in space,” he declared. 

The reason given for dropping flight 
funding from the agency’s Fiscal Year 
1965 budget was that the rockets would 
not be needed until the late 1970’s or 
early 1980’s. 

Anderson called on NASA to request 
funds for the project in the budget now 
being prepared for the next fiscal year. 
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by Hal Taylor 


Informed sources report, however, that 
it is unlikely such a request will be made 
in FY ’66. They are optimistic that the 
funds may be in the FY ’67 budget 

@ Schedule—The NRX (NERVA 
Reactor Experiment) reactor firings will 
continue next year in Nevada; three 
more tests are scheduled. 

At the same time, NASA and the 
AEC will initiate the first firings of the 
Phoebus reactor. Three or four reactors 
—based on KIWI and NRX technology 
and with about the same power level— 
will be tested in 1965 and 1966. 

In 1967, the first tests on the heavier 
Phoebus reactor will begin. This will be 
five times more powerful than the NRX 
teactor, which has a power level of 
1,000 megawatts and a thrust of only 
50,000 Ibs. 

At this point, there is no definite 
date for starting development of the 
second-generation engine. The best guess 
is later this decade—with 1967 the ear- 


liest date but 1968-69 more probable. 

Development of the technology for 
major engine non-reactor subsystems— 
such as feed systems and nozzles—has 
begun, Finger told the meeting. 

@ Obstacles—One significant prob- 
lem facing the engine program is nozzle 
development testing. Simulation of such 
testing with a reactor is difficult and has 
not yet been accomplished. A new Hy- 
drogen Heat Transfer Facility will be 
constructed by mid-1965, permitting 
the first testing of realistic scale nozzles 
in hot hydrogen for long periods. 

The feed system presents a problem 
because of the requirements for in- 
creased hydrogen flow for the Phoebus 
Reactor testing. Finger said that ways 
of modifying the pump used in the 
NERVA testing are being studied. Con- 
sideration also is being given to meet- 
ing feed-system requirements for higher- 
power reactors by modifying pumps un- 
der development for high-thrust hydro- 
gen-oxygen engines such as the J-2 and 
M-1. | 


Apollo Modules Lightened 


Shortening the propellant tanks 
of the Apollo spacecraft’s Service 
Module has reduced its weight by 
some 3,000 Ibs. 

In another design change, the 
adoption of a new lightweight heat- 
shielding device for the Command 
Module has trimmed its weight by 
350 Ibs. 

The shortening of the propellant 
tanks by 12 in. and other changes 
were revealed at a press conference 
held by Manned Spacecraft Center 
Officials at North American Avia- 
tion’s Space & Information Systems 
Div., Downey, Calif. 

The group, including 16 astro- 
nauts and headed by Robert O. Pi- 
land, deputy manager of NASA’s 
Apollo Spacecraft Project Office at 
Houston, earlier had conducted a 
complete mockup review of the lunar- 
mission version of both the Com- 
mand and Service Modules and qual- 


ified the modified design configura- 
tion as final. 

Shortening of the tanks is the 
only modification of any consequence 
in the Service Module and will have 
no effect on overall configuration of 
the system. The reduction became 
possible when it was determined that 
less reserve propellant would be 
needed than had been originally esti- 
mated. 

Modifications to instrumentation 
of the Command Module also have 
been approved. The main instrument 
console will comprise three large self- 
contained units, all pre-assembled 
and prewired before installation in 
the craft. The guidance and naviga- 
tion and stabilization and control sys- 
tems are now integrated into a single 
system. Also, the caution-warning 
system’s display unit is being repack- 
aged and the system’s capacity in- 
creased. 
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At SAE meeting... 


In-Flight Maintenance Stressed 
In Manned Missions Beyond Apollo 


Los ANGELES—Discussions at the 
Society of Automotive Engineers’ na- 
tional meeting pinpointed the need for 
in-flight maintenance and checkout on 
extended manned missions as having a 
heavy impact on future spacecraft de- 
sign. 

Examination of problems associated 
with manned missions beyond Project 
Apollo dominated the space portion of 
the Oct. 5-9 aeronautic and space en- 
gineering and manufacturing meeting 
here. The in-flight maintenance prob- 
lem was particularly emphasized, with 
General Dynamics/ Astronautics report- 
ing it has adopted a “no tools” design 
philosophy that seeks to eliminate the 
need for astronauts to use hand tools 
in spacecraft maintenance and repair. 
The GD/A approach was reported by 
John R. Burnett. 

@ No hand tools—GD/A applied 
the philosophy that servicing and com- 
ponent replacement should be possible 
without use of hand tools in conducting 
life-support system development and 
test work for NASA. When hand tools 
were required, it was treated as an ex- 
ception to the specification and spe- 
cifically reviewed, Burnett said. 

To broaden application of this ap- 
proach, the GD/A study recommended 
development of better methods to 


achieve component interchangeability, 
to reduce and simplify spares, and more 
study of materials to increase design 
effectiveness with respect to its manage- 
ment by the crew. 

® MTBF weakness—In a study by 
the Aeronautical Div., Honeywell Inc., 
R. W. Tillotson reported that despite 
the best efforts of the design and re- 
liability engineer, the mean-time-be- 
tween-failure (MTBF) of present sys- 
tems is only 40 to %o0 of the MTBF re- 
quired to assure a reasonable probabil- 
ity of mission success on long manned 
flights. 

Use of the crew to provide redun- 
dancy, manual backup and in-flight re- 
placement of subassemblies appears the 
practical route to solving this problem. 

In-flight maintainability must be- 
come a primary design parameter on a 
total system basis once the decision is 
made to use it to achieve reliability 
goals, Tillotson said. This will affect 
future manned spacecraft design by 
requiring that system elements be pack- 
aged so that each subassembly contains 
those components associated with a 
single system function (or several seri- 
ally related system functions), and that 
adequate physical and visual in-flight 
access be provided. 

@ Launch pad changes—lIn addition 


by Willard E. Wilks 


to affecting spacecraft design, a Martin 
Co. researcher suggested, the necessity 
for conducting on-board checkout, 
countdown and emergency repair dur- 
ing extended missions also could dras- 
tically affect launch pad design. 

William O. Campbell of Martin Co., 
discussing the requirements for putting 
“GSE (ground support equipment) in 
the vehicle,” said launch-pad simplifi- 
cation appeared to be one problem as- 
sociated with this requirement that was 
capable of direct solution. 

If there is GSE in a vehicle for 
space use, the same GSE will be used 
in the vehicle during its factory- 
through-launch pad life span, Campbell 
pointed out. “Eventually the seat of 
checkout responsibility could reside in 
the vehicle,” he said. This will mean 
extensive use of telemetry to transmit 
data from the vehicle to ground equip- 
ment, eliminating the downgoing umbil- 
icals, and use of an on-board stimulus 
box to give checkout commands to 
various flight hardware systems, elim- 
inating the upgoing umbilicals. 

Such considerations have resulted 
in a Martin launch-pad concept in 
which base fueling eliminated the need 
for a servicing tower. a 


Infrared Photo of LPC Firing 


THIS PHOTO of Lockheed Propulsion 
Co.’s successful 156-in. solid motor firing 
Sept. 30 was taken by an infrared camera. 
Entire nozzle end of motor is obliterated 
by heat effect of 5,500°F exhaust gases, 
and plume appears much broader at noz- 
zle than it did to the eye or on standard 
film. Radiant effect is also noticeable on 
hillside to left of motor. Fully successful 
test was conducted by Lockheed for Space 
Systems Div., Air Force Systems Com- 
mand. The motor produced about 1.2 
million lbs. of thrust during a burn time 
of two minutes, 25 seconds. The motor 
was fired for the first time last May 28, 


but the Sept. 30 test produced 30% more 
thrust than the first shot because the case 
contained 30% more propellant—a total 
of about 650,000 lbs. The Air Force is 
now expected to begin a more concen- 
trated push for development of some ap- 
plications it has under study in the 156-in. 
program. A significant result of the latest 
firing was proving a new nozzle concept 
that will be used on the two-segment, three- 
million-lb.-thrust 156-in.-dia. motor to be 
fired by the Air Force at Thiokol Chemical 
Corp.’s Brunswick, Ga., facility in Deceni- 
ber. An Air Force spokesman said they 
can use an essentially plastic nozzle. 
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Technical Countdown 


FLUID DYNAMICS 
Fluid Control System Flight-Tested 


A pure fluid control system has been employed to control 
the flight of a test instrumentation missile at the Redstone 
Arsenal missile test range. No moving parts or supporting 
electronics were required in the system. Developed by Honey- 
well, Inc., the device uses either a gas or liquid that is di- 
rected through various channels to perform control functions. 
It reportedly is capable of measuring spin rate and convert- 
ing the rate to a memory of vehicle body position. Fluid 
amplifier cascades develop the measured signals to power 
levels sufficient to control missile external reaction jets. The 
unit tested survived missile impact and operated again after 
removal from the vehicle remains (M/R, Oct. 5, p. 17). 


ASTRONAUTICS 


Gemini Ballute To Be Drop-Tested 


A personal ballute for Gemini astronauts will be drop- 
tested starting this month on anthropomorphic dummies 
ejected from a two-seat F-106 at an altitude of 40,000 ft. 
and a speed of Mach 1.75. Tests at lower altitudes and speeds 
have been successful. The inflated ballute is supposed to keep 
an astronaut from gyrating during the long free fall to para- 
chute opening altitude after ejection at altitude. Centrifugal 
force produced by autorotation of the human body during 
such a fall can be incapacitating or even lethal. NASA 
Manned Spacecraft Center has decided to limit ejection-seat 
use to altitudes under 46,000 ft. during the Titan launch 
phase. 


Astronaut Flyweight Stabilizer Developed 


The Air Force Aerospace Medical Research Laboratories 
has developed a device that could be used to maintain stabil- 
ity for astronauts maneuvering in space. The device, a fly- 
weight weighing about 10-20 lbs., is tied to one end of a 
cord, the other to the astronaut. If the spaceman starts to 
tumble or spin, the flyweight is released. A friction device is 
used to uncoil the cord through to keep it from wrapping 
around the astronaut’s body. A small scale model has been 
tested with good results in the zero-g parabolic flight aircraft 
at Wright-Patterson AFB. 


ADVANCED MATERIALS 


Lewis To Build Nuclear Test Chamber 


Nuclear auxiliary power generating systems will be tested 
for space use in a new environmental chamber at NASA’s 
Lewis Research Center, Plum Brook Station, Sandusky, 
Ohio. Measuring 100 ft. in diameter and 120 ft. high, the 
chamber will use Consolidated Vacuum Corp.’s new 48-in. 
BlueLine vacuum pumps to simulate an altitude exceeding 
100 mi. Thirty-two pumps, each rated at a speed of 200,000 
cu. ft. of air per minute, will be used. The chamber is the 
first designed to test both space nuclear power and nuclear 
propulsion systems. 


Consare Furnace Improves Alloy Ingots 


High quality vacuum-melted alloys for forging stock are 
now being produced by Union Carbide’s Stellite Division 
in Kokomo, Ind. Using the new Consare vacuum-arce furnace, 
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Stellite claims a great improvement in ingot surface quality, 
including elimination of carbide segregation and “freckling.” 
(The latter is the unwanted formation of intermetallic com- 
pounds.) Ingot structure improvements have also been 
shown, says Stellite. The new furnace has the capability to 
produce 30-in., 15-ton ingots. Believed to be the most sophis- 
ticated consumable-electrode system in operation anywhere, 
it approaches complete operational automaticity. Hydrauli- 
cally operated, the two-station unit requires only a 20-min. 
cycle per unit from electrode-are to final ingot. 


SPACE MEDICINE 


Spacecraft Cabin Atmospheres Still a Problem 


Experiments with helium-oxygen spacecraft cabin atmos- 
pheres by AiResearch indicate the combination would ease 
the problem of holding cabin temperatures down, since 
optimum comfort levels seem to be about 6°C higher than 
in a denser nitrogen-oxygen cabin atmosphere. The main 
advantage sought in a helium-oxygen cabin atmosphere is 
avoidance of the bends when astronauts must transfer from 
7.5 psi two-gas cabin atmospheres to 3.5 psi pure-oxygen 
spacesuit asmospheres. Navy submarine experiments have 
proven that helium does offer this protection, though it has 
not yet been explained. Other inert gases have been suggested 
as possible oxygen diluents for cabin atmospheres. None ap- 
pears very attractive. Neon remains a possibility. Possible 
engineering disadvantages of helium-oxygen that must be 
investigated include increased leakage caused by the lower 
density of the atmosphere. However, first-look data indi- 
cated to AiResearch engineers that it should be as easy to 
handle as nitrogen-ogygen. 


GD Life-Support Systems Readied For Tests 


General Dynamics’ fully integrated life-support system 
capable of supporting a four-man crew in space for a year 
has undergone final inspection at the Astronautics Div. plant 
at San Diego. After several short manned tests, the two-level 
chamber with prototype space-station equipment will be 
shipped to Langley Research Center next spring. NASA 
plans to keep the subsystems updated as new technology 
develops. 


Space Tools To Be Tried Under Zero-G 


A number of Geniini-type tools and other equipment will 
be tested in a new facility developed by the Air Force Sys- 
tems Command’s Research and Technology Div. to test space 
maintenance techniques. The Martin-built facility includes 
an air-bearing six-degree-of-freedom simulator and work 
panel, jet-propelled back packs, a remote maneuvering simu- 
lator, and a Gentini capsule mockup. About 20% of thi 
equipment testing will be done in this facility, with validatio 
flights on weightless maneuvers in a C-131 aircra 


Closed Cycle Waste System at Marquardt 


A closed system for management and regeneration of 
wastes is being developed by Marquardt Corp. for NASA’s 
Manned Spacecraft Center at Houston. The distillation/ 
vapor condensation process will be designed to handle waste 
output of four astronauts during a 14-day mission, but 
have potential for operating one year. Water for drinking 
and washing will be reclaimed. 
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Bell keeps ahead 


| $14,000,000 for new precision equipment, 
numerically controlled machines, data processing 
aC ines and controlled environmental and other plant 
facilities in 24 months. 


represented by the talent to design and build the 
Agena Rocket Engine, Reaction Controls for the 
Mercury Program, the Bell Rocket Belt, Lunar 


Landing Research Vehicle, X-22A VTOL Aircraft, 
HIPERNAS (High Performance Navigation Sys- 
tem), Lunar Excursion Module Ascent Engine and 
SKMR-1 Hydroskimmer. 


including all the latest management tools and 


techniques such as PERT and LINE OF BALANCE 
programming, Value Analysis, Performance 
Improvement Programming and other manage- 


ment controls. 


.szand now a reorganization 


to further strengthen the management function to utilize to the 
fullest these resources of machines, manpower and management 
tools...to be fully responsive to customer needs by building the best 
and most reliable products at the lowest cost in the shortest time. 


6 
BELL AEROSYSTEMS cCoOomMPANY 


DIVISION OF BELL AEROSPACE CORPORATION -A fextronl COMPANY 


space medicine 


NASA Pushes Blood Circulation Work 


Texas Medical Center gets contract for bed-rest studies of effects 
of weightlessness; wide range of control techniques being investigated 


NASA IS STEPPING UP its efforts 
to find an effective method of prevent- 
ing cardiovascular deconditioning aris- 
ing from weightlessness. 

Latest move is the award of a $290,- 
000 contract to the Texas Medical Cen- 
ter, Houston, for bed-rest studies which 
would simulate the weightlessness state 
and its effect on blood circulation. Re- 
searchers are spurred by a desire to get 
something effective before Gemini Ti- 
tan-4 (GT-4), a three-day orbital flight 
scheduled for mid-1965. 

Choice of a method will have con- 
siderable effect on systems. Means being 
considered range from one which would 
have considerable weight, space and 
power penalty, to one possibility which 
would have none. Dr. Sherman Vino- 
grad of NASA’s headquarters Aero- 
space Medicine Office says the space 
agency sees these possibilities: 

—Centrifuge—Short-radius  centri- 
fuge tests look very promising for pre- 
venting the orthostatic hypotension 
which causes pooling of blood in the 
extremities when the subject is returned 
to an upright position. Many scientists 
feel that this will be the only possible 
method of preventing the degradation 
of the normal circulatory controls on a 
prolonged spaceflight. Douglas Aircraft 
Co., for one, is doing an ambitious se- 
ries of studies on sizes, diameters, etc., 
to evaluate the use of the centrifuge in 
a minimal space cabin. 

—Bicycle ergometer—NASA is 
looking at the possibility of installing 
this type of equipment in a space cap- 
sule. Exercise would be calibrated, and 
the unit would provide a diagnostic as 
well as conditioning tool. 

—Negative pressure unit—Use of a 
negative pressure vest would produce 
a physiological reaction which would 
counteract the effect of weightlessness. 
However, interest at this point is purely 
physiological, since it would require the 
engineering of a vacuum unit into a 
hard-shell spacesuit. 

—Pressure cuffs—A promising 
method which interests both the Air 
Force and NASA. The latter is pri- 
marily concerned with cuffs on the legs, 
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since these will account for the largest 
amount of blood. The cuffs would be 
automatically inflated periodically, pro- 
viding the same kind of pressure in the 
veins as does gravity. Cuffs will be in- 
corporated into the early Gemini flights 
for evaluation and also as a means to 
assess the astronauts’ condition. 

—Exercise—Isometric exercises, al- 
though extremely beneficial to other 
needs of the body, such as those of the 
muscles and bones, do not seem to aid 
the cardiovascular system at all. This 
conclusion was reached after quite a 
bit of research by the Air Force at 
Lackland Hospital,San Antonio, through 
the AF Aerospace Medical Division. 
Isotonic exercises are now being investi- 
gated by NASA. 

—Valsalva maneuvers—In this ap- 
proach, the subject exhales forcibly with 
his mouth closed. Result is an increased 
chest pressure impeding the flow of 
blood to the heart, triggering a reflex 
which speeds up the heart and constricts 
the blood vessels in the body, maintain- 
ing blood pressure. A calibrated valsalva 
test instrument has already been devel- 
oped; the astronaut exhales into it to 
produce a measured amount of pres- 
sure, 

—Drugs—While there are drugs 
which will produce the effect upon the 
cardiovascular system, NASA is doing 
its best to avoid having to use drugs for 
any purpose. 

@ Bed-rest tests—The latest bed-rest 
test, which will be funded by NASA’s 
Manned Spacecraft Center at the Texas 
Medical Center, will use a total of 66 
subjects, divided into groups of six. 
They will remain in bed for periods of 
three, seven and 14 days. 

Bed-rest has come to be the most 
popular simulation of weightlessness, 
superseding water immersion because of 
considerations such as the pressure on 
the chest, and the gradient problem. The 
similarity to weightlessness created by 
bed-rest does not result from lack of 
activity, but rather from the horizontal 
position: the cardiovascular system does 


not have to work to get blood back to 
the heart as it does in an upright posi- 
tion. 

During the several studies being con- 
ducted by NASA, researchers will seek 
to determine exactly what the mecha- 
nism is, what the exact effects are, how 
to anticipate or predict the effects and 
assess their severity, as well as how to 
prevent them. Subjects will get complete 
medical examinations periodically, in- 
cluding tilt-table tests which are specific 
for the condition. 

@ Scientific controversy—Opinions 
as to the cause of the orthostatic hypo- 
tension which affected the last two Mer- 
cury astronauts—Walter Schirra and 
Gordon Cooper—range considerably. 
The condition was observable as they 
emerged from their space capsules—in 
the pooling of blood in the legs, low 
blood pressure and dizziness—and lasted 
for a number of hours after their flights. 

Some doctors attribute the effects to 
fatigue, dehydration, emotional exhaus- 
tion resulting from the flights, or com- 
binations of these factors. A larger num- 
ber feel that weightlessness itself prob- 
ably was to blame. 

The situation is complicated by the 
fact that with various individuals, any 
one of these factors probably would be 
enough to create such effect. Another 
confusing fact is that, while both astro- 
nauts were obviously dehydrated from 
difficulties with their environmental con- 
trol systems, an abnormal loss of water 
is also a possible product of the mecha- 
nism which might have caused the ortho- 
static hypotension—if weightlessness 
was the culprit. 

While the Soviets have hinted at 
difficulties in their longer spaceflights, 
according to Vinograd, nothing has been 
documented in Soviet literature proving 
this. In addition, there have been hints 
that they only found the difficulty 
through special techniques, which have 
not been explained to U.S. scientists’ 
satisfaction. 

Air Force has also conducted ground- 
based studies on the subject, for NASA 
and for its own Manned Orbiting Labo- 
ratory (M/R, March 2, p. 21). a 
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electronics 


Air Force Takes 
Over Big Rally II 
Communications System 


Project 486L subsystem links sites in Italy, Turkey, Greece 
and U.S. with 24 voice channels; designed by ITT Federal 
Electric Corp., system was operational within five months 


by Charles D. LaFond 


BIG RALLY Il, an interim com- 
munications subsystem within the Air 
Force’s Project 486L Mediterranean 
Communications system, has been 
turned over to the Air Force Com- 
munication Service for operational use. 
Designed and put in partial operation 
in less than five months by ITT’s Fed- 
eral Electric Corp., Paramus, N.J., the 
now completed phase-1 system links 
military centers in Italy, Greece and 
Turkey to the U.S. through the long- 
haul telecommunications circuits of the 
Defense Communications System. 

Twenty-four voice channels are 
provided by the new complex through 
eight tropospheric-scatter paths and 
15 microwave links. Air transportable 
communications facilities were used 
throughout the installation to implement 
early operational use. 

Until turnover to the Air Force, the 
BR-II network has been operated by 
both Air Force and Federal Electric 
personnel. 

In time, more permanent facilities 
will be installed under a second portion 
of the 486L program also being per- 
formed by Federal Electric. 

® Contractors—Project 486L is a 
segment of the Air Force’s global AIR- 
COM System. ITT Communication Sys- 
tems, Inc., is prime contractor for AIR- 
COM system design. Overall respon- 
sibility for the system rests with the 
Electronic Sytems Div. of the Air Force 
Systems Command. 

Principal subcontractors for imple- 
mentation of each portion of 486L are 
Federal Electric Corp. (Big Rally II 
and Europe-Mediterranian Tropospheric 
Scatter System) and Page Communica- 
tions Engineers, Inc., a subsidiary of 
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Northrop Corp. (Turkey Troposcatter 
system). 

@ 486L system objectives—Project 
486L is intended to provide the Air 
Force with highly reliable, modern tele- 
communications in the Mediterranean 
area. The design requirements de- 
manded system compatibility with the 
existing and planned Defense Com- 
munications System’s global telecom- 
munications links. 

Three major subsystems comprise 
the 486L system—Big Rally II, the Eu- 
rope-Mediterranean Tropospheric-scat- 
ter system and the Turkey Troposcatter 
system (see map, facing page). 

In all, 100 sites will be employed in 
Spain, Italy, Greece, Turkey and North 
Africa, plus two sites whose locations 
are classified. Ovcr 8,500 miles of cir- 
cuits are called for. The longest through- 
circuit will extend some 2,900 miles. 

The main system trunk will provide 
up to 72 channels, with a capability for 
expansion to 120 channels. 

The 486L system interfaces with the 
Army communications system in North- 
ern Italy and the Spain-United Kingdom 
troposcatter system on the west. 

@® The interim subsystem—The 
largest segment of 486L is the Eur-Med 
Tropo net. Extending from Spain 
through the Balearic Islands to Sardinia, 
into Italy to Greece and Turkey and 
through Sicily to Tripoli, the EMT sys- 
tem calls for 13 troposcatter and 12 
microwave links. 

Federal Electric began this effort in 
June, 1961, following earlier design 
work by ITT Communications. 

However, the August, 1961, Berlin 
crisis pointed up the urgent need for 
more rapid expansion of communica- 


in the Mediterranean 


tions facilities 


area. 

Big Rally II was thus conceived as 
an interim system until Eur-Med could 
be completed. Federal Electric was 
awarded the BR-II contract in Decem- 
ber, 1961, and the mainline trunk con- 
necting Italy and Greece were on the 
air by April 25, 1962. Tributary links 
were completed in January, 1964. 

Overbuild requirements to convert 
and upgrade BR-II sites in Greece and 
Turkey for Eur-Med needs extended 
the effort to March, 1964. 

@ BR-II phase-out—As the Eur- 
Med Tropo system is phased in, Big 
Rally II transportable facilities will be 
removed. Most of the BR II sites have 
been overbuilt as a part of the Air 
Force’s Turkey Master Plan. 

Several more links will be needed in 
addition to the present three MEDCOM 
subsystems. These have been included 
in Project 486L as part of Big Rally II, 
phase 2, in Fiscal Years 64 and ’65. 

Altogether, additions will include 12 
links in Italy, 3 in Greece, and 17 in 
Turkey. 

@ Operating frequencies—The oper- 
ating frequencies for the Big Rally II 
basic troposcatter trunk are 400 me and 
800 mec (Turkey only). Eventually the 
Eur-Med system will operate its basic 
trunk system in the 2,550-2,690-mc 
range in all locations except Turkey. 
LOS-microwave links will operate at 
either 400, 800, or 8,000 me. 

Air transportable tropo systems in 
use include 1-kw and 10-kw MRC-85’s, 
1-kw MRC-80’s and 30-ft.-diameter 
paraboloidal-reflector antennas. AN/ 
FRC-39 tropo systems will eventually 
replace the transportable systems. a 
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OPPOSITE PAGE: Microwave antennas are beamed at Mt. 
Parmis, Greece, 19 miles away. AN/TRC-35 “flyswatter” antenna 
is used for local communications. ABOVE: Air Force MEDCOM 
communications complex will be comprised of three major sub- 
systems—Big Rally IJ (an interim system), Eur-Med Tropo, and 
Turkey Tropo. Map of existing and planned circuits shows 
trunks running through five countries. RIGHT: All 486L sites 
ultimately will be manned by Air Force personnel, such as at 
this Athens Air Base site. BELOW: Typical of 486L stations 
is one atop mountain near Izmir, Turkey. Initially, transportable 
MRC-85 tropo units were installed. These have now been re- 
placed with permanently-installed FRC-39 equipment. 
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How to he at home in orbit 


What Boeing is doing 


s0ut MANNED SPACE FLIGHT: 


Life Support 
System 


Five men recently com- 
pleted a 30-day NASA 
Space mission—without 
leaving the ground. A 
Boeing space chamber 
(above) simulated long- 


term space flight condi- 
tions. The mission tested 
water reclaiming and 
waste disposal systems 
as well as a method of 
supplying oxygen with 
sodium superoxide 
chemicals. Tests like 
these help in designing 
future spacecraft (such 
as the 12-man variable- 
wing vehicle concept 
at left). 


Meteoroid 
Studies 


During space travel, 
vehicles may encounter 
meteoroids large enough 
to create a hazard. To 
measure the danger and 
to devise a spacecraft 
protective system for 
astronauts, Boeing is 
conducting research for 
NASA. Using a Boeing- 
developed gas “‘gun,” 
researchers shoot pel- 
lets at approximate- 
ly meteoroid speeds 
(21,000 mph) to test 
various types and com- 
binations of protective 
plating for spacecraft. 


Vehicle 
Design 


To assist the Air Force 
and NASA in develop- 
ment of criteria for 
manned orbital labora- 
tories, Boeing has con- 
ducted studies of 
vehicles utilizing from 
2- to 12-man crews. 
Studies include booster- 
vehicle integration, life 
support, micrometeoroid 
protection and logistics 
involving crew rotation 
and resupply. 


Rendezvous 
in Space 


In simulated flights, 
Boeing is investigating 
techniques for bringing 
two orbiting vehicles 
together in docking 
missions. The ‘‘pilot’’ 
sights his target vehicle 
on a projected TV pre- 
sentation, and using 
controls operating 
through a computer, 
maneuvers his vehicle 
through a complete 
docking run. 


Copabiliy hos many feces ot MEME MN Mo is 


Space Technology + Missiles » Military Aircraft Systems» 707, 720 and 
727 Jetliners « Systems Management + Helicopters « Marine Vehicles 
+ Gas Turbine Engines » Also, Boeing Scientific Research Laboratories - 
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260-in. Igniter Fabrication Detailed 


AN IGNITER MOTOR rated at a 
maximum thrust of 270,000 Ibs. will 
soon be tested at Aerojet-General’s Dade 
facility in Florida for its role in touching 
off the huge 260-in.-dia. solid rocket. 

Designed and developed by engi- 
neers at the firm’s Solid Rocket Plant 
in Sacramento, Calif., the igniter motor 
holds 1,160 Ibs. of a standard poly- 
urethane propellant in a 30-point star 
grain configuration. 

The unit will generate a sheet of 
high-temperature flame down the 80- 
ft. length of the 260-in. grain. Tests in- 
dicate an ignition time of two seconds. 

® Fabrication—-In fabricating the 
igniter motor, Aerojet uses a simple, 
inexpensive mold shown at far left 
above into which propellant is cast. A 
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liner is applied td the back surface and 
the entire strip is cured. 

The grain slabs are remarkably free 
from voids and other imperfections in 
spite of the ambient pressure casting 
method. Ten of these pre-cast slabs are 
installed in the igniter motor case form- 
ing a 0.5-in.-thick web with a burning 
surface of 21,000 sq. in. 

An almost completely assembled 
grain is visible in the far right illustra- 
tion above. The igniter is shown below 
resting in its cradle, with its nozzle di- 
rected into a 60-ft.-long, 10-ft.-wide 


chamber that simulates the core area of 
the 260-in. solid motor. 

The free-volume chamber was in- 
strumented at 14 stations and test data 
shows a steady state maximum pressure 


: xx 
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of 90 psia during the ignition transient. 

@ How it will work—tThis free- 
volume chamber has been installed in 
the vertical cast, cure and test pit at 
the Dade facility. Igniter motors will be 
tested in this position to check out the 
concept under actual ignition conditions. 

In the actual 260-in. firing, the ig- 
niter motor and its 17,000-Ib. sled will 
move up a 68-ft. track after ignition. 
Cables attached to a 2-million-lb. con- 
crete mass will cause the igniter and its 
sled to describe an arc and impact some 
550 ft. from the large motor. Two such 
tests will be run before the end of this 
year. 

The first full-scale firing in the Air 
Force’s large motor demonstration pro- 
gram at Aerojet is set for 1965. a 
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THE ASD RECRUITER 


Reliability Engineer 
BSEE, ME, Physics, Math 


Reliability Documentation Engineer 
BS Engineering 


Electronic Systems Design Engineer 
BSEE, ME 


Electrical Circuit Design Engineer 
BSEE 


Electrical Circuitry & Packaging 
Engineer 
BSEE, ME, Physics 


Program Control Engineer 
College Degree 


HUNTSVILLE, ALABAMA 


Experience required in the following areas: 


Failure mode and effect analyses, determination of criticality numbers, math models for electrical 
and mechanical GSE. Also circuit design, logic design. 


Standardization and documentation of all components used in GSE. Includes screening of parts 
for unreliability or obsolescence, compilation of qualified parts list, recommendation of testing 
programs, and coordination of unsatisfactory condition reports. 


Conceptual, functional and preliminary design of electrical subsystems and hardware of ground 
support equipment for launch vehicles. Should include computer applications, digital circuitry or 
control systems design. 


Development, design, analysis and checkout of circuits for servomechanisms in propellant tanking 
control systems; circuit design such as attenuators, filters and servo controls. 


Detail! design of circuits and hardware for GSE, including black box circuitry and advanced elec- 
tronic packaging, digital circuitry, logic circuitry, computer applications or electronic hardware 
for ground based equipment. 


Analysis of work flow and schedules using PERT, CPM, line of balance, milestone schedule, use 
of digital computers for reports to management. 


Reliability Engineer 
BSEE, ME, Physics, Math 


Display and Control Engineer 
BSEE 


Systems Checkout Engineer 
BS Engineering, Physics 


Control Systems Engineer 
BS Engineering 


COCOA BEACH, FLORIDA 
Experience required in the following areas: 


Analysis of failure mode and effects, redundancy, derating and stress, applicable to instrumenta- 
tion and mechanical or electrical GSE, including missile handling equipment in assembly build- 
ings, launch control centers and arming towers. 


Analysis of electrical support systems such as TV, communications, water control, power distribu- 
tion and gas systems. Design and development of changes necessary to provide control, remote 
control and instrumentation display of such systems up to three miles away. 


Preparation of checkout methods, knowledge of planning, supervision and evaluation of checkout 
of launch vehicle gyro, stabilization and control systems. 


Preparation of rnissile operations plans, identification of requirements, defining specifications 
and selecting electrical control equipment required for the assembly buildings. 


Reliability Engineer 
BS Engineering 


Flight & Orbital Mechanics Engineer 
BSAE, Physics 


Systems Engineer 
BS Engineering 


HOUSTON, TEXAS 


Experience required in the following areas: 


Design review, and failure mode and effects analyses of solid propulsion systems and of missile 
handling and servicing equipment. 


Performance parameters, including earth and planetary, launch and descent, transfer orbits, etc., 
to be used in the analysis and evaluation of spacecraft design. 


Analyses and evaluation of spacecraft design and ground support electronic systems, propulsion 
and ordnance systems, and power generation and distribution systems. 


contact. 


MR. P. W. CHRISTOS / PROFESSIONAL & TECHNICAL RESOURCES 


G.E. / Apollo Support Dept. / Room 1111-P/ Box 2500 / Daytona Beach, Fla. 
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MSC Seen Favoring Concentric 
Orbit Gemini-Agena Rendezvous 


Houston—Intercepting the Agena 
from an orbit concentric with the target 
gives Gemini, in its first rendezvous at- 
tempt, “high probability for mission 
success.” 

The plan is “flexible” from the 
pilot's point of view, Maj. Edwin E. 
Aldrin, Jr., astronaut and early pro- 
ponents of the “co-eccentric” method, 
told MISSILES AND ROCKETS. 

“The plan is least susceptible to 
launch dispersions and non-nominal sit- 
uations,” says Howard W. Tindall, Jr., 
assistant chief of Mission Planning and 
Analysis Division at the Manner Space- 
craft Center here. 

The fourth Gemini team (GT-6), 
according to MSC’s schedule, will at- 
tempt the first rendezvous with the 
Agena. 

A simplified rendezvous exercise 
using a “pod” may be included on the 
GT-5 mission, an MSC spokesman said, 
to flight-check the radar and to practice 
piloting techniques during the terminal 
phase of the rendezvous maneuver. 

The pod will be ejected from the 
spacecraft into an orbit that is slightly 
out of plane. The spacecraft will most 
likely thrust into a higher orbit to be 
moved “out of phase” with the pod. 

@ Two approaches—Rendezvous 
mission planners are making detailed 
analyses of the concentric plan, Tindall 
said, “mostly juggling numbers in orbital 
parameters, altitudes, catch-up rates, 
and inclination angles” to increase the 
number of launch windows and to make 
operations simpler, both in the space- 
craft and on the ground. 

The tangential method, around 
which most of the onboard rendezvous 
systems have been designed, is also 
going through detailed analyses, he said. 
“It will most probably be used for 
later rendezvous missions.” 

In both plans, the first full orbit 
after spacecraft insertion remains un- 
disturbed to allow ground controllers 
and tracking stations time to establish 
the orbital parameters of the spacecraft, 
and to give Gemini pilots time to check 
out onboard equipment. 

The first required maneuver will be 
an “out-of-plane” correction (by ground 
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by Jinx Mercer 


recommendation) at the first nodal cross- 
ing of the spacecraft’s second orbit— 
between second perigee and second 
apogee. 

Out-of-plane corrections by either 
the spacecraft or target vehicle are per- 
formed at the nodal crossing of the 
two planes to drive the wedge angle 
to zero, which makes the two orbits co- 
planar. 

“Velocity is a critical factor,” Tindall 
said. A dispersion of only two feet per 
second can change altitude by one nau- 
tical mile. However, both plans can 
easily absorb booster underspeed or 
overspeed conditions at an acceptable 
insertion. 

Each plan has an intermediate orbit 
to adjust for launch dispersions. Here, 
proper phasing of the two vehicles can 
be “timed” by establishing orbits with 
either high or low “catch up” rates to 
make the final orbit before rendezvous 
occur according to plan. (The space- 
craft has up to 110 fps AV allotted for 
making phase changes). 

The final approach is “standardized,” 
therefore, with all launch dispersions, 
early or late lift-offs, and small thrust- 
ing errors by the spacecrafts, corrected 
and out of the way. 

© Qut-of-plane problem—Both plans 
are sensitive to large out-of-plane condi- 
tions. The spacecraft can use up to 240 
fps of AV to make a plane change, 
“about a half of a degree maximum,” 
Aldrin said. 

Plane changes beyond the space- 
craft’s capability can be made by 
booster yaw steering or by the Agena, 
controlled from the ground, to drive the 
Agena’s plane into coincidence with that 
of the spacecraft. 

While the initial trajectory of the 
spacecraft can be modified several times 
during the tangential method, the point 
of interception must occur at an apogee 
of the spacecraft’s orbit. Thus, the ren- 
dezvous is “committed” to a fixed posi- 
tion in space, Tindall said. 

® Sun sighting crucial—This also 
means that the position of the Sun can 
be critical and must be plotted for its 
location during the spacecraft’s final 
approach to avoid having the Sun 


behind the target. The final adjustments 
of the rendezvous maneuver, and the 
docking, are performed visually. 

During MA-9, Maj. L. Gordon 
Cooper, Jr. described the Sun as a 
“bluish-white, arc-like glob.” He found 
looking at the Sun “quite difficult.” “On 
one experiment, I tried to track into it. 
I almost went blind,” Cooper said. 

The rendezvous lighting conditions 
may limit the selection of launch win- 
dows when the tangential method is 
used. 

Aldrin explained some advantages 
of the concentric plan: 

“The spacecraft can delay commit- 
ting the final approach until all the 
terminal nominal values are reached.” 

The start of the final maneuver can 
be held back until the best lighting 
conditions prevail, until an inertial back- 
ground (star field) appears, until the 
spacecraft is over a tracking station, 
or perhaps until all three conditions 
exist. 

Also, the pilot can pace all the 
optimum conditions to occur at the 
nodal point of the two planes, where 
he can correct for previous plane errors, 
if necessary. 

The price for this flexibility is a 
higher 4 V. Not a minimum energy or 
Hohmann transfer, the final maneuver 
is a direct thrust beginning 150 degrees 
back from the rendezvous point. 

On the other hand, the pilot has the 
advantage in that he can keep his line- 
of-sight to the target more nearly con- 
stant against a sky background as the 
spacecraft approaches the Agena. 

@ Tangential rendezvous problems 
—The tangential method is more prone 
to errors. About 270 degrees of orbital 
travel from the rendezvous point, the 
computer will begin a series of compu- 
tations using the Clohessy-Wiltshire 
equations of relative motions modified 
to give five points for corrections by 
thrusting prior to rendezvous. The first 
and largest thrust is at 270°. Smaller 
thrusts are made every 60° of orbital 
travel (210°, 150°, 90°, and 30°). 

The target becomes visible to the 
pilot after the last correction at 30°. 

(Continued on p. 32) 
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were at the 
“fail end’ 
and proud of it... 


LTV Automatic Controls has been ‘‘at the tail end’’ a long time... designing and producing fluid injection 
valves, electro-hydraulic servo actuators . . . and the electronic computers to drive them for thrust vector control. 
AND WE'RE PROUD OF IT... proud of the important contributions we've made in overall thrust vector 
control technology for Titan II|-C, Minuteman and other programs... contributions made possible by con- 
tinuing research, team experience, creativity coupled with complete facilities ...the vital ingredients of 
LTV’s drive to stay in the thrust vector control forefront. 

For information, write for ‘‘Automatic Controls at LTV.” LTV MILITARY ELECTRONICS DIVISION, P. O. Box 
6118, Dallas, Texas 75222. 


ELECTRONIC, FLUID AND MECHANICAL CONTROLS FOR AIRCRAFT, MISSILES AND SPACECRAFT 


j= Wauiirary ELECTRONICS 


A DIVISION OF LING -TEMCO-VOUGHT, INC. 
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Special coatings are needed to 
help keep clean rooms—clean! 
Rust-Oleum research has devel- 
oped unique coatings to meet 
the scrupulous needs of this 
controlled environment area. 
A skilled Rust-Oleum team of 
specialists and technical service 
personnel will be happy to 
work closely with you. May we 
hear from you? 


RUST-OLEUM CORPORATION 
2480 Oakton Street-Evaneton, lillnols, U.S.A. 
and 


Rust-Oleum (Nederland) N.V. 
Haarlem, The Netherlands 


Over forty Distinctive 
years of as your own 
industry proof. fingerprint. 
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A semi-optical technique that measures 
“look angles” versus “times” will in- 
dicate to the pilot if further corrections 
may be needed. 

During the semi-optical phase, the 
spacecraft will approach the target from 
ahead and slightly below, and _ the 
final braking maneuver is also the re- 
quired AV addition to his velocity 
vector to circularize at 161 n. mi. 

An altitude discrepancy at the space- 
craft's apogee (the point of tangency)’ 
may not be detectable until the final 
moments of closure. The braking rate 


' for the tangential trajectory is about 


46 fps of A V (55 fps for the concentric 
method), and an altitude correction 
added to it may be very costly in fuel. 

If the spacecraft moves up through 
the Agena’s orbit, the pilot may be left 
with no “feeling” for determining his 
errors visually. His line-of-sight may ro- 
tate rapidly across the celestial refer- 
ences in the sky, and may even present 
him with a black Earth background 
during darkness. 

@ Demanding on astronauts—The 
final maneuver in the tangential method 
demands more piloting skill than in 
the concentric method. The spacecraft 
approaches the target from beneath in 
pitched-up attitude to keep the target 
visible in the window, and to keep the 
radar “locked on” the target. 

As the spacecraft moves closer be- 
hind and below the Agena, it begins to 
climb up to the target’s altitude. The 
pilot must apply a roll while in pitched- 
up position to yaw 180 degrees. This 
maneuver moves him in front of the 
target and facing it as he applies brak- 
ing thrust. The target will appear to 
approach the spacecraft from the op- 
posite direction to the velocity vector. 

To increase the number and length 
of launch windows, the Agena may be 
launched into an inclination angle of 
28.87°. 

The plane of the target at launch 
will cross directly over Cape Kennedy. 
As the Earth rotates eastward, this 
plane will pass north of the Cape, align- 
ing itself parallel to the direction of the 
spacecraft at it insertion, and about 
0.4 degrees (30 mi.) between the planes 
at anti-nodal points. 

; The Earth will rotate the Cape posi- 
tion directly under the plane of the 
target approximately 101.5 min. after 
target launch. During this time, the 
target will have traveled once around 
in its orbit and will be in a favorable 
position to be intercepted by the space- 
craft not only in its plane, but also in 
phase. 

© Timing important—However, this 
condition persists for only 12 min., be- 
cause with farther eastern rotation of 
the Earth, an out-of-plane condition 
builds up beyond the corrective capa- 
bility of the spacecraft. The “window” 

| can be expanded only by booster yaw 


steering or by Agena maneuvering from 
the ground. 

Values can be “cranked” into the 
booster as late as five minutes before 
launch; however, MSC feels that jug- 
gling launch equations so late in the 
count may be avoided in the interest 
of safety. 

On subsequent days, the plane of 
the target comes within 0.4 degrees of 
the launch pad—first south of it, then 
north, then south again at varying angles 
to it—for an unbroken period of about 
two hours. 

To insert the spacecraft parallel to 
the target plane during this period, the 
booster has a “working azimuth” of 
from 82 degrees to 110 degrees from the 
pad. 

The plane of the target precesses 
and the point where it crosses the equa- 
tor regresses (moves westward) due to 
angular momentum coupling between 
the Earth’s motion around the Sun and 
the target's orbital rate. 

This factor, added to the change in 
the Sun’s position of about 1 degree per 
day, causes the window to appear ap- 
proximately one-half hour earlier on 
each successive day. 

For this reason, launch operations 
begin late in the afternoon—about 4 
p-m.—to take the greatest advantage of 
daylight on each subsequent day after 
target launch. 

Some daylight is left in reserve for 
rescue operations in the event the mis- 
sion is aborted during the boosted phase 
prior to sapecraft orbital insertion. 

@ Early hookup desired—MSC is 
looking into the possibility of rendez- 
vous sooner than four orbits, but later 
than in a “direct ascent” trajectory ren- 
dezvous. “An earlier rendezvous would 
keep the vehicles over the tracking net- 
work, and could be completed before 
onboard (spacecraft and Agena) sys- 
tems began to degrade,” Tindall said. 

This method would impose time- 
critical tracking on ground crews and 
equipment, Tindall said. 

He explained: The first corrective 
action would take place at the first 
apogee, approximately 45 min. after the 
spacecraft is inserted into orbit. This 
would give ground personnel only half 
an orbit to determine the spacecraft’s 
orbital parameters. 

Post-rendezvous plans for the Agena, 
after the safe re-entry of the spacecraft, 
include a rendezvous with a “phantom 
orbit,” simulated by ground computers, 
to exercise flight controllers and to 
thoroughly check out the Agena ground 
command system. 

Melvin F. Brooks of MSC’s Flight 
Operations Division said the Agena’s 
main propulsion system would be 
lighted to make plane changes of “sev- 
eral degrees” and eccentric orbits with 
a high apogee and long period, com- 
monly referred to as “dwell orbits.” ™ 
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space electronics 


Symposium Stresses Data Compression 


by Rex Pay 


Las VeEGas, NeEv.—A _ real-time 
speech communications link that re- 
quires only 10-cps bandwidth, cutting 
transmitted power from a deep-space 
probe by over six kilowatts to 64 watts, 
was described at the International Space 
Electronics Symposium here. 

At the exhibition that accompanied 
the four-day symposium, a spacecraft 
data-compression system that cuts te- 
lemetry bandwidth by 22 to 1 was dis- 
played. 

Both developments represent an- 
swers to a current problem in communi- 
cations discussed by speakers at the 
symposium: too much redundant infor- 
mation is being transmitted from space 
vehicles, taking up excessive bandwidth 
and power. 

About 500 attendees were expected 
at the symposium, sponsored by the In- 
stitute of Electrical and Electronics En- 
sineers’ Space Electronics and Telem- 
etry Group. About 100 attended the 
first session to hear invited papers. 

Two opposing views on data com- 
pression were expressed. Systems engi- 
neers looked to it as the best way to 
reduce the power needed for transmit- 
ting information over megamile dis- 
tances. Experimental scientists were less 
enthusiastic. They were willing to accept 
much redundant information if this 
meant that any unexpected deviation 
could be looked at in detail. 

® Hearing research—The high data 
compression achieved in reducing nor- 
mal speech to a bandwidth of 10 cps is 
the outcome of research on human hear- 
ing carried out by Santa Rita Technol- 
ogy, Inc., Menlo Park, Calif. Supported 
by the Aerospace Medical Div., USAF, 
and the U.S. Dept. of State, the devel- 
Opment stemmed from recognition of 
the fact that the brain responds to rather 
slowly varying neural inputs. 

In the system developed, speech is 
processed by a device that is an elec- 
tronic representation of the human ear. 
This yields a signal of 10 cps bandwidth 
analogous to that received by the brain. 
At the receiving terminal, the signal is 
reprocessed to yield synthetic speech. 

The resulting words are whispered 
and lack qualities such as accent, inflec- 
tion and changing pitch. The only clue 
to the state of the speaker sending the 
Message, apart from its verbal content, 
is in the timing of the words. 

E. D. Hill of SRT said that labora- 
tory models of the spacecraft unit re- 
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quired a volume of about 50 cu. in., 
weighed about one pound and consumed 
0.7 watt, using transistor circuitry. This 
would enable an acceptable speech sig- 
nal to be transmitted over a range of 
100 million n. mi., using a transmitted 
power of 64 watts. 

The physiological function of the 
outer and middle ear can be duplicated 
electronically by a bandpass filter and 
matching network. The cochlea and 
basiliar membrane can be simulated by 
a delay line with detectors tapped along 
its length. At any given instant of time, 
a constant sound entering such a system 
generates a pattern of voltages some- 
thing like a spectrum of the sound. 

The main feature of importance in 
the pattern, from the point of view of 
intelligibility, is in its average position 
along the delay line. This can be indi- 
cated by two parameters: the centroid 
of the pattern and its total area. For the 
fluctuating sounds of speech, the way 
that the centroid and area vary carries 
the bulk of the intelligence in the mes- 
sage. In fact, centroid and area wave- 


forms for a given sentence look very 
much the same, whoever is talking. 

@ Ship compressor—The spacecraft 
telemetry compressor exhibited at the 
symposium was developed by Lockheed 
Missiles & Space Co. for NASA-Hunts- 
ville under a three-year contract amount- 
ing to about $500,000. 

The compressor is designed to 
handle typical Saturn vehicle telemetry 
and may be flown after laboratory eval- 
uation. It is designed primarily for use 
in deep space probes. 

It is a zero-order predictor, weighs 
about 40 lbs., and occupies 1,800 cu. in. 
Logic operations are carried out by 467 
integrated circuits, while 24,000 ferrite 
cores provide data storage. 

LMSC has recently been awarded a 
study contract from NASA-Goddard to 
explore data-compression techniques for 
vehicle and ground telemetry. Company- 
funded tests on Tiros video data have 
shown that a bandwidth compression 
of 5.2 to one has little effect on the 
pictures; they remain suitable for me- 
teorological interpretation. B 
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Giant solid-fuel rocket motor test 
launches a new 250,000-psi steel 


The test firing of the first 156-in. solid- 
fuel rocket motor went through with- 
out a hitch at Lockheed Propulsion 
Company’s test ground recently. There 
were no long countdowns. An engineer 
just pushed a button. Flame and smoke 
shot up with a terrific roar—and, in 
109 seconds, the test was successfully 
completed. 


In reality, this test marked the launching 
of the new USS Maraging Steel which was 
used in the rocket motor. This 18% nickel- 
cobalt-molybdenum steel series develops 
useful yield strengths of 200,000 to 340,000 
psi—and it’s the toughest steel ever made at 
these strength levels. Plates only 34” thick 
were used for the motor which developed a 
maximum thrust of more than a million 
pounds. In a subsequent hydrostatic test at 
pressures even higher than experienced 
during the firing, the maraging steel case 
proved to be in perfect condition. It will be 
used again in a later test firing. 

The ultra-high strength levels of USS 
Maraging Steels are developed by an anneal 
followed by aging at 900°F for three hours— 
no quenching. The aging induces a hardening 
reaction in the steel’s martensitic structure, 
retaining ductility and good toughness. 
There is practically no distortion during 
aging. Both annealed and hardened marag- 
ing steel can be welded without preheating. 
If welded in the aged condition, subsequent 
localized aging of the weld zone produces 
high joint efficiencies. Hot and cold working 
properties before maraging are excellent. 


Outstanding facts about USS Maraging Steel 


m Useful yield strengths 
up to 340,000 psi 

m High ductility: 30% to 55% 
reduction of area 


m= Toughness: Charpy impact values 
typically 16 ft.-lbs. at —420°F 


m Excellent dimensional stability 

m Resistance to crack growth 

m Resistance to stress corrosion 

= Good weldability without preheating 

= Good formability and machinability 

m Freedom from decarburization 

mw Through hardening without quenching 


United States Steel, through an extensive 
research program, has brought maraging 
steel into large-scale production. This pro- 
gram is designed to provide gigantic solid- 
propellent space booster motors having a 
gross thrust of 4 to 12 million pounds in sizes 
from 156” to 260” diameter and 60’ to 120’ 
long. Maraging steel simplifies fabrication 
problems and eliminates the need for huge 
heat-treating furnaces. 

Availability. Air-melted USS Maraging 
Steel is available in a full range of plates, 
sheets, bars, strip, and forging billets. 

Applications. Rocket motors, aircraft 
landing gear, extrusion dies, heavy-duty 
gears, machined parts, springs, tools, hull 
plates, structural assemblies. 

Write for new booklet, USS Maraging 
Steels, United States Steel, Room 7633, 525 
William Penn Place, Pittsburgh, Pa. 15230. 
USS is a registered trademark. 


United States Steel 
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Nickel Alloy Rings for 260-in. Solid 


Program Impose Stringent Standards 


Roll-forged components, furnished by Ladish Co., now being 
welded to Aerojet-General’s half-length demonstration motor 


THE LARGEST seamless rolled 
rings produced to date for rocket appli- 
cations are being welded into the mas- 
sive maraging steel motor case of the 
Aerojet-General Corp. half-length 260- 
in.-dia. demonstration solid rocket. 

The huge components were fabri- 
cated by Ladish Co., Cudahy, Wis., 
using their roll forging techniques. 

These 18% nickel alloy rings, rang- 
ing in size from 110 to 260 in. in diam- 
eter, will be used in the 260-in., solid- 
propellant rocket feasibility demonstra- 
tion program sponsored by the Air 
Force Space Systems Div. The rockets, 
which will develop 3 million Ibs. thrust, 
are scheduled to be test fired in 1965. 

The 260-in. x 80-ft. rocket motor re- 
quires a set of six forged rings for 
motor case and nozzle shell components. 
To produce these massive rings, Ladish 
Co. required vacuum-arc-remelted ma- 
terial of a maximum combination of 
currently available size and weight. 

Ingots weighing approximately 26,- 
000 Ibs. each were furnished by Repub- 
lic Steel Corp. to stringent quality stand- 
ards of soundness, cleanliness and struc- 


by John F. Judge 


tural and compositional homogeneity. 
A test ring parted from each parent 
ring upon completion of forging opera- 
tions was used to determine the appro- 
priate solution annealing treatment. 
Additional test ring material removed 
after processing provided a thorough 
assessment of mechanical properties and 
microstructure resulting from deforma- 
tion and thermal treatment sequences. 
Ultrasonic inspection after forging 
and thermal treatment revealed no sonic 
indications, even when tested to a 3/64- 
in. standard—substantially exceeding 
specification requirements. 
® Clean ingots—The specified ma- 
terial is “200-grade” maraging steel with 
a 0.2% offset yield strength of 200,000 
to 235,000 psi after appropriate hot 
working and thermal treatment. The 
high quality and integrity requirements 
of the product necessitated the use of 
the vacuum arc remelting process. 
While vacuum-consumable-electrode 
remelting is not necessarily a mill re- 
quirement for the lower yield strength 
grades of maraging steel, several con- 
siderations make the selection of vacuum 


arc remelting appropriate for this type 
of application. Research has shown 
that vacuum remelting enhances frac- 
ture toughness properties and crack 
propagation resistance in high-strength 
structural materials. 

In addition, research performed by 
Ladish Co. has shown that vacuum arc 
remelting significantly increases trans- 
verse ductility and toughness. This is 
particularly important 
with the forward and aft Y-rings. These 
rings require optimum properties in the 
short transverse direction. Good trans- 
verse properties are especially impor- 
tant at the junction of the “Y” machined 
into these rings. 

The existence of laminations or par- 
allel bands could result in metal separa- 
tion and increased risk of failure at this 
location. Vacuum arc remelting reduces 
alloy segregation through controlled and 
progressive solidification of the ingot, 
resulting in a uniform structure virtually 
free of laminations. 

A series of forging operations was 
required to convert the as-cast ingot 
into a mammoth seamless ring possess- 


PHOTOS SHOW forward Y-ring (left), 110-in.-dia. exit flange and throat forgings (center) and nozzle throat forging (right). 
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in connection — 


ing a wrought, uniformly fine-grained 
microstructure capable of developing 
' optimum properties during thermal 
treatment. 

The Ladish Ring Roll, on which 

these rings are produced, can turn out 
seamless rings as large as 24 ft. across 
, and up to a 6-ft. face height. 
; After rolling to maximum diameter, 
| rings were annealed in a furnace with 
a 25-ft.-square hearth. The annealing 
cycle was based on information devel- 
oped during the evaluation of the test 
ting material. Both the forward and aft 
Y-rings are machined on a 28-ft. verti- 
cal mill easily capable of accommodat- 
ing the largest rings produced. 

In addition to the 260-in. Y-rings, 
Ladish Co. also produces the 191-in.- 
dia. aft flange of the motor case, and the 
entrance flange, throat forging, and exit 
flange of the nozzle shell. 

Finish machining of other surfaces 
of these parts is accomplished after in- 
corporation with rocket components 
fabricated by another Aerojet-General 
subcontractor, Sun Shipbuilding & Dry 
Dock Co. 

Efforts such as the development of 
critical components forged from marag- 
ing steel for the 260-in. rocket involve 
both new concepts and new materials. 

As a consequence, such efforts often 
require thousands of engineering man- 
hours for material evaluation and forg- 
ing research prior to award of any pro- 
duction contracts. For example, marag- 
ing steel rings in sizes from 24 to 70 in. 
| were produced using stock sizes start- 
ing with 6-in. billet stock as prototype 
evaluation prior to the full-scale effort. 
Data so developed provided information 
concerning the response of maraging 
steels to forging and heat-treating. 

Some of the conclusions from this 
research effort were: 

—Tensile, impact, fracture tough- 
ness, and microstructure evaluations 
show that selecting the proper solution 
annealing temperature is vital to devel- 
oping the desired, fine, recrystallized 
grain structure. Another consideration 
is the range of annealing temperature 
and the selection of the optimum tem- 
perature in relation to the forging reduc- 
tion and thermal processing cycle em- 
ployed. 

—lIn achieving specified mechanical 
properties, a portion of the forging 
reduction must be performed at the low 
end of the forging temperature range. 
This necessitates the additional power 
provided by heavier equipment. 

The feasibility study rocket into 
which the Ladish Co. forged rings will 
be assembled is designed to provide a 
thrust of approximately 3-million lbs. 
Successful static firing tests of this type 
of case are expected to result in eventual 
production of a 7-million-lb.-thrust, full- 
length rocket. a 
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HERCULES 


developed the 
Spiralloy’ case that won 
repeated success in space 


Foremost in the rocket field today 
is the Spiralloy case for packaging 
energy. Hercules originated and 
developed the resin-bonded glass 
fiber cases for solid-fueled motors 
that put weight where it belongs—in 
the payload. Although this concept 
has been widely imitated, only 
Spiralloy® continuous filament 
wound cases have successfully and 
repeatedly flown. 

The glass filament winding tech- 
niques developed by Hercules have 
produced cases far superior to all 
other structural materials in strength- 
to-weight ratio. Research in solid fuel 
propellants, rocket motors, and 
Spiralloycasescontinuesto addtothe 
knowledge needed to conquer space. 

Achievements in probing the un- 
known are events of personal fulfill- 
ment for Hercules specialistsin space 
technology. Opportunities for a 
rewarding career in this exciting field 
are offered to those who qualify. 
Explosives & Chemical Propulsion 
Department, Hercules Powder Com- 
pany, Wilmington, Delaware 19899. 
HERCULES POWDER COMPANY 
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Boeing, world leader in advanced 
swept-wing, multi-jet aircraft, is 
today pioneering evolutionary ad- 
vances in both civilian and military 
aircraft fields. These programs have 
created outstanding openings for 
graduate engineers at all experience 
levels in the fields listed below. 
Minimum educational requirement 
is a B.S. degree in an engineering 
discipline, except where noted. 


DESIGN 


Structura/—Duties include the determi- 
nation of aircraft structural requirements, 
preliminary sketches and preparation of 
final layout drawings and investigation. 


Hydraulic—Duties include design of 
hydraulic systems and hydraulically 
actuated mechanisms, including brake- 
flaps, spoilers, landing gear doors, land- 
ing gear and nose wheel mechanisms. 


Air Conditioning & Pneumatic Sys- 
tems—Positions include the design of 
air conditioning and pneumatic systems, 
cabin heating and ventilation, cabin pres- 
surization, electronic equipment cooling, 
and temperature control of aircraft 
surfaces. 


Aircraft Contro/—Duties involve design 
of controls including ailerons, elevators, 
rudder, trim tabs and engine controls. 


Power Plant—Assignments involve the 
design of engine installations, engine 
accessories, strut and engine supports, 
engine nacelles, and thrust reversers/ 
sound suppressors. 


Fuel Systems—Positions include de- 
sign of fuel systems, fuel and tank 
ventilation systems, water injection and 
tank purging systems. 


DEVELOPMENT 


Structural Dynamics—Duties involve 
analysis and experiments in aeroelastic 
fields of flutter and dynamic loads. B.S. 


ENGINEERS: 
Design and Development openings at Boeing 


or advanced degree required in applied 
mechanics with significant aerodynamic 
and structures background related to 
high-speed aircraft. Should be familiar 
with latest theories and techniques for 
analysis and test. 


Stability and Contro/!—Openings re- 
quire strong background in airplane flight 
control system design and analysis, and 
stability and control characteristics, plus 
knowledge of computers, servomechan- 
ism design and development and testing 
of airplane configurations. Master's 
degree or equivalent. 


Flight Control Systems—Positions in- 
volve establishing dynamic design criteria 
and specifications for flight control sys- 
tems, subsystems and components; selec- 
tion of most suitable control system com- 
ponents, and guidance of control system 
procurement and flight test. Requires B.S. 
or M.S. in engineering, mathematics or 
physics with applicable experience. 


Metallurgy and Mechanical Engineer- 
ing—Assignments entail alloy selection 
and application, development and im- 
provement of processes, preparation of 
specifications, laboratory experiments, 
technical consultation, and service failure 
analysis. Requirements, in addition to 
experience in aircraft technology or a 
related field, include familiarity with the 


electron microprobe and microscope and 
standard metallurgical equipment. 


Chemical Engineering—Openings re- 
quire experience in lubrication materials 
and concepts ; elastomeric, inorganic fin- 
ish, and organic polymeric materials, and 
structural adhesive bonding, plus a basic 
knowledge of materials behavior. Work 
involves evaluation, analysis and investi- 
gation of all materials characteristics, in- 
cluding mechanical, electrical, chemical 
and surface. 


Propulsion—Responsibilities include 
research and development, primarily 
V/STOL oriented, in the fields of sub- 
sonic and supersonic inlets, thrusting 
ejectors and engine fan thrust vectoring ; 
engine cycle analysis, engine / airplane 
optimization studies for subsonic and 
supersonic propulsion systems, and 
VTOL propulsion technology. 


Salaries are competitively com- 
mensurate with your education 
and experience background. Travel 
and moving allowances are paid to 
newly hired personnel. Boeing is 
an equal opportunity employer. 


Boeing’s Airplane Division is lo- 
cated near Seattle in the uncon- 
gested Pacific Northwest, noted 
for year-round mild climate, famous 
recreational facilities, excellent 
schools and housing, and health- 
ful outdoor Western living for the 
whole family. 


Send your resume today to Mr. Thomas 
Sheppard, Airplane Division, The Boeing 
Company, P.O. Box 707-ACC, Renton, 
Washington 98055. 


SIMD EMM ls 


AIRPLANE DIVISION 


Other Divisions: Aero-Space « Vertol « Turbine 
« Also, Boeing Scientific Research Laboratories 
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Mergers and Acquisitions 


Systron-Donner Corp., Concord, Calif., manu- 
facturer of digital counting and timing equip- 
ment, analog computers, data handling equipment, 
accelerometers, gyroscopes and flight contro] 
instruments, has acquired the business and 
assets of Hyperion Industries, Inc., Watertown, 
Mass. Hyperion produces data retrieval equip- 
ment, timing systems, digital data processing 
instrumentation and solid-state power supplies. 
Under terms of the acquisition, the original 
ownher-management remains with Hyperion and 
operations are to continue in that firm’s present 
location. ... Guide Manufacturing Co., Sun Valley, 
Calif., has begun negotiations with four affiliates, 
E.J.S. Machine, Guide Microwave, Systems De- 
sign, Inc., and Aero Devices Co. The firm’s board 
of directors have approved the plan, and if ac- 
cepted by stockholders, the merger will occur 
this month. ... Control Data Corp., Minneapolis, 
has reached preliminary agreement with TRG, 
Inc., on terms of CD’s acquisition of TRG. Spe- 
cialties of TRG are in electro-optics and quantum 
electronics, microwave electro-mechanics, sonar 
systems and naval hydrodynamics. Sale remains 
subject to final approval of both boards of di- 
rectors and stockholders of TRG. ... The name 
of Fairchild Stratos Corp. has been officially 
changed to Fairchild Hiller Corp. Hiller Aircraft 
Co., Inc., became a Fairchild subsidiary last May. 

. Mesa Scientific Corp., Inglewood, Calif., has 
merged with Systems Programming Corp. of 
Santa Ana, Calif. Both Mesa and Systems Pro- 
gramming are computer software firms. : 
Cubic Corp., San Diego, Calif., has Gequired 
Waddell Dynamics, Inc., also of San Diego. Move 
was to expand Cubic’s ey of proprietary products 
and markets, particularly in the area of anti- 
submarine warfare. The newly acquired firm will 
operate as an independent subsidiary of Cubic 
specializing in underwater electronic technology. 

. Industry Week erroneously stated in an item 
Aug. 31 on the acquisition of Pierce-West, Inc., 
by The Bendix Corp. that Pierce-West would “be- 
come the Micrometrical Div. of Bendix.” Actually, 
Bendix has had a Micrometrical Div. for some 
time, and Pierce-West is merely to become a plant 
within that division. 


New Activities 


Lockheed Missiles & Space Co. has formed a 
Manned Space Programs organization to be 
headed by Harold T. Luskin, former NASA pro- 
gram chief for Lockheed. Luskin will report di- 
rectly to Vice President R. R. Kearton, who is 
general manager of Lockheed’s Space Systems 
Div., and to Gladyn H. Putt, vice president di- 
rectly responsible for manned space programs in 
the Space Systems Div. The new organization 
is intended to increase the effectiveness of both 
LMSC and Lockheed’s California Co. in the 
manned space field... . Honeywell, Inc.’s military 
products facility in Boston has expanded its scien- 
tific work beyond the electro-optics field to include 
R&D in radar and other applications of high- 
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frequency energy. The facility will be called the 
Honeywell Radiation Center to more properly 
reflect tts expanded activities. .. . Kaiser Indus- 
tries Corp., Oakland, Calif., has re-consolidated 
the domestic and international operation of 
Kaiser Engineers into one division. Upon consoli- 
dation, Kaiser Engineers will be one of the 
largest engineering-construction firms in the 
world. KE is engaged in work on such diverse 
projects as construction of NASA’s space pro- 
pulsion facility and integrated mission control 
center, and aluminum reduction in Ghana, Africa. 


Long Island Ponders Industry Plight 


A study conducted at Columbia University has 
concluded that “. . . the economy of Nassau and 
Suffolk counties (Long Island, N.Y.) is so closely 
keyed to defense spending that even a reallocation 
of military contracts could cause economic chaos 
throughout the island.” Alfred Wood, an indus- 
trial engineer with the Columbia Broadcasting 
System and author of the study, found that 50.1% 
of the manufacturing jobs in the two counties 
are related to defense procurement. This com- 
pares with 5.0% in that category in New York 
State as a whole and an overall 7.4% in the na- 
tion. Wood has called for special attention to the 
problem posed to the area by any possible loss of 
future defense work. 


Sperry Rand Loses Patent Suit 


Texas Instruments, Inc., Dallas, has prevailed 
in a patent infringement suit brought against it 
by the Sperry Rand Corp. The United States 
Court of Appeals for the Fifth Circuit has upheld 
an earlier ruling of the United States District 
Court for the Northern District of Texas in favor 
of TI in the suit filed against it in September, 
1959. Sperry Rand alleged that all germanium 
semiconductor devices manufactured by TI in- 
fringed upon a patent granted to Sperry Rand 
in 1950. 


Missile/Space Facilities 


Simonds Precision Products, Inc., Vergennes, 
Vt., last week formally dedicated a new 28,00-sq.- 
ft. addition to its main plant. The wing includes 
20,000 sq. ft. of special environmentally controlled 
area for assembly and testing of electronic sys- 
tems to be incorporated in space vehicles, satel- 
lites, missiles and high performance aircraft... . 
The Army’s Picatinny Arsenal has dedicated a 
new $1-million laboratory building named in 
honor of a former Arsenal Commander, Brig. 
Gen. Norman F. Ramsey, who died last year. The 
Ramsey Building will provide a modern facility 
for examining and testing munitions paris... . 
Moore Special Tool Co., Inc., Bridgeport, Conn., 
precision machine tool manufacturer has opened 
a new Measuring Machine Laboratory. Up to 48 
machines a year will be produced in the new 
facility, with as many as 10 in process at any 
one time. 


a 


—Contracts 


AIR FORCE 


$21,000,000—The Boeing Co., Seattle, for con- 
tinued work on the Minuteman 1CBM. 

$3,405,498—Emerson Electric Co., St. Louis, ad- 
dition to existing contract to make automatic 
test equipment for communications and navi- 
gation systems. 

$2,350,000—Litton Industries, Inc., Woodland 
Hills, Calif., addition to contract for equip- 
ment to overhaul and test inertial navigation 
systems. 

$2,000,000—General Motors Corp., AC Spark 
Plug Div., Milwaukee, Wis., for R&D work 
on an inertial guidance system for the Titan II 
missile. 

$1,600,000—Avco Corp., Wilmington, Mass., for 
work on a classified project. 

$1,500,000—Honeywell Inc., Washington, D.C., 
for delivery of eight electronic data processing 
systems to major air command headquarters. 

$1,500,000—North American Aviation Inc., Tulsa, 
Okla., for production of modification kits for 
Hound Dog missiles. 

$1,001,044—Lockheed Aircraft Corp., Sunnyvale, 
Calif., for repairs to Agena D rocket boosters. 

$785,962—United Aircraft Corp., United Tech- 
nology Center, Sunnyvale, Calif., for integrated 
research effort on high-energy hybrid propel- 
lants. 

$750,000—Varian Associates, Bomac Div., 
erly, Mass., for magnetrons. 

$360,000—General Dynamics Corp., Astronautics 
Div., San Diego, Calif., for cryogenic tankage 
integrity program. 

$250,000—Johns Hopkins University, Baltimore, 
for researcb to determine the atmosphere of 
Mars and Venus by balloon astronomy. 

$161,629—Aerojet-General Corp., Solid Rocket 
plant, Sacramento, Calif., for continuation of 
Propellant liner bonding investigations. Also 
$68,739 for orientation and indoctrination in 
rocket production and production processes. 

$151,455—Aveo Corp., Research and Advanced 
Development Div., Wilmington, Mass., for 


Bev- 


development of manufacturing methods for the 
production of infiltrated tungsten composite 
rocket nozzle inserts. 

$100,000—Polytechnic Institute of Brooklyn, 
Brooklyn, N.Y., for continuation of research 
on high-frequency oscillatory combustion. 

North American Aviation, Autonetics Div., Ana- 
heim, Calif., for a study of forging techniques 
to make beryllium a more useful metal 
(amount undisclosed). 

Allis-Chalmers, Research Div., Milwaukee, Wis.; 
for a study of fuel cell power supply require- 
ments for the Manned Orbiting Laboratory 
program (amount undisclosed). 

Ball Brothers Research Corp., Boulder, Colo., to 
design and construct a high-altitude balloon- 
borne biaxial solar tracker to search and 
track the Sun in order to make studies that 
cannot be made from the ground. 


ARMY 


$31,381,167—Philco Corp., Communications and 
Electronic Div., Ft. Monmouth, N.J., to pro- 
vide 10 overseas installations for AUTODIN 
(Automatic Digital Network). 
$23,188,823—Martin Co., Orlando Div., Orlando, 
Fla., for two contracts for industrial engineer- 
ing and R&D services on the Pershing weapon 
system. The second contract, $987,893, covers 
R&D services on Pershing. 
$8,929,175—Raytheon Co., Lexington, Mass., to 
continue engineering services on the Hawk 
anti-aircraft missile system. 
$6,700,000—Sperry Rand Corp., Sperry Utah Div., 
Salt Lake City, for continued work on the 
Sergeant missile system. 
$3,000,000—Phileo Corp., Newport Beach, Calif., 
incremental funding for Shillelagh R&D. 
$2,720,000—McDonnell Aircraft Co., St. Louis, 
for exploratory development effort on a Me- 
dium Assault Anti-tank Weapon (MAW), a 
tube-launched, wire-guided missile. 
$2,641,430—Akwa-Downey Construction Co., Mil- 
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National’s direct line. 


We call it our ‘Rocket Run.” It’s the only direct jet service between 
the major space centers of the west and Melbourne (closest air- 


port to Cape Kennedy.) 


You jet between Los Angeles and Melbourne without changing planes. 
National also serves the key space age cities along the east coast. 


Is this any way to run an airline? You bet it is. 
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42 Circle No. 10 on Subscriber Service Cord 


waukee, Wis., for two additional buildings for 
working on the fuel systems in the three-man 
Apollo spacecraft. 
$1,749,000—North American Aviation, Inc., Co- 
lumbus, Ohio, for advanced development work 
on the Redhead Roadrunner target drome. 
$1,307,077—Raytheon Co., Lexington, Mass., for 
work on a target system for the Hawk missile. 
$750;000—Johnson Service Co., Systems and En- 
gineering Construction Div., Milwaukee, Wis., 
for modification work on antenna silos at 10 
USAF Atlas F and Titan II missile bases. 
$427,749—Bucon, Inc., Cape Canaveral, Fla., to 
build a Deep Space Instrumentation building 
at Cape Kennedy for use in Project Apollo 
and unmanned spacecraft programs. 


NAVY 


$9,573,525—Lockheed Missiles & Space Co., Sun- 
nyvale, Calif., for tactical field engineering sup- 
port for the Polaris missile. 

$5,115,448—Insterstate Electronics Corp., Amna- 
heim, Calif., for Polaris missile instrumentation. 

$3,429,914—Chromecraft Corp., St. Louis, for 
LAU-3 rocket launchers. 

$2,507,807—General Electric Co., Pittsfield, Mass., 
for work on the Polaris missile. 

$1,466,632—Cleveland Pneumatic Tool Co., Cleve- 
land, for loading equipment for tbe transfer at 
sea of missiles and other loads. 

$400,000—General Dynamics Corp., Stromberg- 
Carlson (div.), San Diego, Calif., for special 
airborne computer display equipment for use 
in development of new ASW techniques. 

$170,398—Avco Corp., Ordnance Div., Richmond, 
Ind., for Polaris facilities. 

$100,000—Cornell Aeronautical Laboratory, Buf- 
falo, N.Y., to study proposed air seacraft weap- 
ons systems for future ASW operations. . 


NASA 


$5,000,000—Sanders Associates Inc., Nashua, N.H., 
to provide seven systems to display information 
for checkout and launch of Saturn V space ve- | 
hicles. 

$2,800,000—The Bendix Corp., Detroit, a three- | 
year contract to furnish launch support serv- 
ices at Kennedy Space Center. Total cost may 
reach $17 million. 

$2,500,000—Reeves Instrument Co., Long Island 
City, N.Y., for three 30-ft. unified S-band an- 
tenna systems for tracking Apollo spacecraft. | 
$1,600,000—Lear Siegler, Inc., Santa Monica, | 
Calif..—three new follow-on contracts for the | 
expansion and modification of NASA’s Space |] 
Flight Center test facilities. 
$996,000—North American Aviation, Rocketdyne |} 
Div., Canoga Park, Calif., for performance of 
analytical and experimental studies of ad- 
vanced LOX/LH2 propulsion. 
$689,000—Avco Corp., Tulsa, Okla., 
ultra-high vacuum chamber. 

Westinghouse Electric Corp., Defense and Space 
Center, Baltimore, to provide mechanical and 
electrical systems integration and launch sup- 
Port services for the Interplanatary Monitoring 
Platforn’ (IMP-E) satellite (amount undis- 
closed). 


Div., for ] 


INDUSTRY 


$8,000,000—Texas Instruments, Inc., Dallas, from 
McDonnell Aircraft Corp., St. Louis, to con- 
tinue production of infrared equipment used in 
Air Force and Navy versions of Phantom 11 
plane. 

$1,500,000—United Aircraft Products, Inc., Day- 
ton, Ohio, from General Electric Co., New 
York City, for equipment to be used in the 
F4 Phantom program. 

$1,000,000—Remanco, Inc., Santa Monica, Calif., 
from North American Aviation, Inc., Space 
and Information Systems Div., Downey, Calif., 
for development and fabrication of test and 
checkout equipment for Apollo spacecraft 
service module engine. 

$800,000—Bendix Corp., Eclipse-Pioneer Div., 
Teterboro, N.Y., from The Boeing Co., Seattle, 
for electronic equipment for the Minuteman 
improvement program. 

$787,000—MartIn Co., Baltimore, from The Boe- 
Ing Co., Seattle, for storage for helium to be 
used to pressurize the huge fuel tanks on the 
first stage of the Saturn V Moon rocket. 
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/—— products and processes 


New Product of the Week: 
Physiological Monitor 


Spacelabs, Inc., is offering a system 
of physiological instrumentation capable 
of maintaining a check on test subjects 
engaged in space flight research. 

Designated the Model 130 Biotel, it 
provides the capability of monitoring up 
to eight physiological parameters using 
hardware or telemetry transmission. The 
system consists of modular building 
blocks that can be arranged in a variety 
| of configurations. 

The flexibility of the Biote!l solves a 
| problem in medical research by allow- 
ing the researcher to tailor a system to 
particular needs, the firm says. Modules 
are available for monitoring the electro- 
cardiogram, respiration, electroencepha- 
logram, temperature, electromyogram, 
galvanic skin response and voice, either 
_ singly or in combination. 

Components include sensors. signal 
_ conditioners, transmitter, power supply 
. and receiving station. The sensors, signal 
' conditioners and transmitter can be 


worm in a specially tailored vest. A 
handbook of operating instructions is 
supplied with the system. 
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| Kilovoltmeter 


Industrial Instruments, Inc., has 
| available a voltmeter ranging to 100,- 
O000v with a full scale de accuracy of 
=1% (42% ac). The device is fully 
' transistorized and features a 6-in. mir- 
ror scale meter. 

Special voltage probes are supplied 
with the unit: one for the 5 and 10 
kv ranges and one for the 50 and 100 kv 
ranges. Accuracy of the probes is 2% 
for the lower ranges, +4% for the 
higher. Accuracies to +0.1% are pos- 
sible with a standard divider accessory. 

Circle No. 152 on Subscriber Service Cord 


Beta Irradiator 


A strontium 90 beta irradiator de- 
| signed to provide greater versatility and 
safety in radiation processing and allow 
a large absorbed dose of ionizing radia- 
tion in liquids and gases has been intro- 
duced by the 3M Company. 

The unit weighs less than 500 Ibs. 
and has a 28-year half-life isotope. It 
allows greater absorbed doses of ionizing 
radiation with less equipment and mate- 
rials cost than possible with previous 
beta irradiators for the generation of 
free radicals, the firm says. Because of 
the low penetration of beta particles, 
need for extensive shielding is elimi- 
nated. 

The unit consists of a pressure ves- 
sel with an arrangement of parallel tubes 
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through which the material to be ir- 
radiated flows. SrY-90, in the form of 
small spherical ceramic particles, is 
packed around the tubes so that a uni- 
form dose of radiation is applied. The 
2.18 Mev betas have a high efficiency in 
producing free radicals or ionizing the 
material in the tubes. A total of 100 
curies of SrY-90 will deliver a 1-mega- 
rad dose per hour to 50 grams of unit 
density material, the company says. 
Circle No. 153 on Subscriber Service Cord 


Hardened Recorder 


A radiation-hardened magnetic tape 
recorder/reproducer for rocket applica- 
tions has been designed and developed 
by Astro-Science Corp., in cooperation 
witth Sandia Corp. 

Test results have indicated that the 
electronics will be capable of operation 
after subjection to radiation levels of 
1 x 10%4 nvt and a gamma dose rate of 
1 x 1012 R/sec. The transport has been 
operated through an environment of 20 
g’s hardmounted vibration, 300 g’s 3 ms 
shock and steady state 80 g acceleration. 
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Differential Amplifier 


An ll-silicon differential opcra- 
tional amplifier with a common mode 
impedance exceeding 100 megohms is 
being marketed by Data Device Corp. 

The Model D-16 has a differential 


input impedance of 5 megohms, a cur- 
rent drift under 1 nA/day at constant 
temperature, a current gain of 10 mil- 
lion and an open-loop voltage gain of 
more than 86 db. It has an offset cur- 
rent of less than 20 nA; total current 
drift with temperature is 15 nA from 
—25° to 85°C. 
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Super-Heterodyne Receiver 


Scientific-Atlanta, Inc., has available 
a super-heterodyne receiver which oper- 
ates in the 20-mc to 100-ge region. 

The Model 1640-SW features con- 
tinuous sweeping of either of two octave 
bands (350 to 700 mc and 700 to 1,400 
mc). Output voltage is 0 to lv dc pro- 
portional to frequency for external re- 
cording. AGC output is proportional to 
the logarithm of a CW input signal (65- 
db dynamic range). Band pass _pre- 
selection provides 80-db IF rejection, 
80-db image rejection and combined 
manual and motorized tuning control. 
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Gas Vapor Detector 


An atmospheric condition indicator 
that detects and measures both combus- 
tible and toxic gases or vapors with a 
single indicating instrument is being 
marketed by Erdco Engineering Corp. 

The portable Tox-Ex Model 01HCS 
has rechargeable batteries providing 
8-hr. continuous power sampling. The 
unit has a dual-scale meter—an explo- 
sive scale which registers 0 to 100% of 
lower explosive limit and a toxic scale 


which measures 0 to 1,000 parts/mil- 
lion. Three-second responses are 
achieved up to 23 ft. from the indicator. 
The unit measures 6.25 x 6.75 x 4.75 in. 
and weighs 10.25 Ibs. 


Circle No. 157 on Subscriber Service Card 


43 


missiles & rockets 


With major procurement fi 
the Apollo manned luni 
landing program now behir 


BEYOND APOLLO—THE 
U.S. SPACE PROGRAM 


MISSILES AND ROCKETS will 
publishitsfourthannual NASA 
issue November 30,1964. Now 
accepted as the authoritative 
publication on the nation’s 
space agency, M/R will exam- 
ine the National Aeronautics 
and Space Administration’s 
current and future projects, 
people and facilities—plus 
NASA fiscal 1966 budget 
planning now being consid- 
ered by the administration. 


PUBLICATION DATE 
NOVEMBER 30, 1964 


ADVERTISING CLOSES 


NOVEMBER 16, 1964 


it, NASA is deep in the pla’ 
ning of newprojects to expar 
man’s knowledge in spac 
Special emphasis is placed | 
this issue on the U. S. Spae 
Program—BEYOND APOLL« 
—with detailed descriptio 
of post-Apollo missions: 


Lunar Logistic Supply Syste: 


Manned Orbital Research 
Laboratory 


Extended Apollo 
Project Voyager 


Manned and Unmanned 
Planetary Probes 


outstanding special issue 
features an up-to-date 
/sis and report of: 


munications Satellite 
Doration— Procurement 
ies, hardware planning 
organization of the first 


mercial space venture. 


nic Energy Commission— 

k at the future of nuclear 
e propulsion and power 
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ther Bureau — Plans and 
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e future. 


ILES AND ROCKETS pro- 
the recognized and au- 
tative route to reach the 
who will be making the 
arch, design, engineering 
procurement decisions in 
2 new multi-billion dollar 
rams. 


BONUS CIRCULATION 


By request, the fourth annual 
NASA issue of MISSILES AND 
ROCKETS will provide 5,000 
bonus circulation to the deci- 
sion-makers in NASA, AEC, 
ComSat Corp. and the 
Weather Bureau. This means 
more impact, more readership 
for your advertising dollars in 
MISSILES AND ROCKETS. 


Heat Transfer Compound 


A grease-like silicone dielectric compound, said to have 
heat transfer properties three times those of silica-filled 
greases and about twice those of filled epoxy, has been de- 
veloped by General Electric Co.’s Silicone Products Dept. 

Insulgrease G-640 is an opaque material that exhibits 
less than 1% bleed and evaporation at 200°C after 24 hours. 
Typical thermal conductivity is 1.4 x 10° gm. cal/(sec.), 
(cm?) (°C/cm). Used inside a semiconductor device case, 
G-640 protects the junction from shock and vibration. 
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X-Y Recorder 


F. L. Moseley Co. has introduced a basic systems X-Y 
recorder, said to be adaptable to almost any system requir- 
ing accurate X-Y readout at minimum cost. 

The Model 7050A is a solid-state unit with servo ampli- 
fiers having single-ended inputs. Any desired single input 
span from 100 mv to 100v full scale, each axis, is available. 
Accuracy is 0.1% full scale. Zero setting is accomplished by 
a screwdriver adjustment; calibration is adjusted internally. 
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Data Reduction System 


A data reduction system, composed of a data viewer and 
an optional data scaler, is being marketed by Data Scaler. 
The system is designed for analyses of strip chart records 
up to 16 in. wide. 

The data viewer is a console, 4 ft. x 4 ft. x 21 in. Records 
are held on 4-in. hex spindles at either end of the viewing 
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EXPLOSIVE ACTUATED RELIABILITY 


It’s a fact... whatever can be done with explosive actua- 
tion, Conax does it more reliably ... and their problem- 
solving ingenuity matches the dynamics of their technol- 
ogy, too! Since inventing the first explosive actuated 
valve for aerospace applications over twelve years ago, 
Conax has provided the widest range of the most reliable 
explosive actuated devices in the world .. . 99.99+% 
reliable, we mean! Get the facts in the free catalog B-1864. 


CONAX EXPLOSIVE PRODUCTS DIV. 


2300 Walden Avenue, Buffalo, N. Y.. 14225 / 716-684-4500 
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area. They are transported in either direction at speeds from 
0 to 500 fpm by an electrical drive. 

The data scaler, which may be purchased separately or 
as an attachment, permits direct reading of records without 
the need of a calculator to correct for scale factors. The 
device can handle single or multiple channels, rectilinear 
and curvilinear records, linear and non-linear calibrations. 
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Inert Gas Welder 


A miniature inert gas welder with a range from 0.2 to 
50 amps is available from Western Arctronics. The bench- 


type unit is ideal for welding thin foils, delicate assemblies 
and fine wires, the firm maintains. 

It can be used with either 115 or 230v with ac/dc cur- 
rent superimposed with high frequency for instantaneous 
starting. It can accommodate tungsten from 0.01 to %¢ in. 
2% thoriated. Other features include built-in RF starting 
control, remote or standard full linear control, a two-stage 
magnetic amplifier and a primary contactor and control 
transformer. 
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Thermocouple Compensator 


A thermocouple reference junction compensator adjust- 
able over a 50°F span has been developed by Consolidated 
Ohmic Devices, Inc. 

The Model JR-99 is epoxy-encapsulated and meets M1L- 
E-5272 specifications, Accuracy is £0.25°F. Warm-up is 
instantaneous. The device is adjustable from 7° to 57°F, 
but any reference temperature adjustment range from —310° 
to 1,000°F is available on order. 


Circle No, 162 on Subscriber Service Cord 


Radar Receiver 


Aerospace Research, Inc., has announced a series of 
solid-state pulse receivers, designed for radar or backscatter 
application. 

The Model PR-40 is a dual-channel unit in the 40-mc 
band. The unit features a specially designed IF amplifier at 
5.2 mc that may be switched to linear or logarithmic opera- 
tion. The precision attenuator covers a 55-db dynamic range. 
Sensitivity is 0.3 mv. Other receivers in the series cover a 
frequency range from 10 to 120 me at various IF band- 
widths. 


Circle No. 163 on Subscriber Service Card 


Torque/Balance Test System 


A pulse torque-to-balance system for testing inertial com- 
ponents is available from Dynamics Research Corp. The sys- 
tem is designed for production and acceptance testing of 
inertial guidance and control components by pulse torquing 
methods. Chief applications extend to testing gyroscopes, 
accelerometers and inertial components having direct cur- 
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rent torque generators, the firm says. 

Advantages of the torque testing system over conven- 
tional testers include, the company says, the system’s ability 
to simulate operating conditions during component testing, 
the flexibility of using modulated pulses for greater measure- 


' ment accuracy, automatic printout of test results and the use 


of open or closed loop test modes. 

Characteristics of the system are a stability of one part 
in 10° per 100 hours and a precision current source with a 
resolution of one part in 10’. The precision current switch 
has a rise time of less than 50 nanosecs. with a stability of 
+15 nanosecs, per 100 hours. The dual time generator with 
two independent time intervals has a setting from 10 to 
99,999.8 microsecs., with a resolution of 0.2-microsec. in- 


tervals. 
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Silicon Chopper 


The Model 71 transformer-coupled chopper (or modu- 
lator), designed to alternately connect and disconnect a 
load from a signal source, is available from Solid State 
Electronics Corp. 

The silicon transistor unit may also be used as a demodu- 
lator to convert ac to dec signals. It is capable of linearly 
switching or chopping voltages over a dynamic range which 
nominally extends from 1 mv to +10 v. The contacts can 
handle up to 5 milliamps. 

The unit has a built-in transformer-coupled isolating 
network so that it can be driven from an ac source common 
to the dc voltage being chopped. Sinusoidal or square wave 
drive may be used. Frequency range is 40 cps to 70 kc. 
Temperature range is —55° to 150°C. 
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Variable Attenuator 


DeMornay-Bonardi Div. of Datapulse, Inc., has available 
a variable attenuator with a range of 8.2 to 12.4 ge. 

The Model DB 431 features 500-watt average power 
absorption, an initial insertion loss of 0.5 db for 50-db range 
and VSWR of less than 1.15:1. Optional attachments can 
extend the range to several kilowatts. Other features include 
a calibration accuracy of 0.3 db and anti-backlash mecha- 
nism, : 
Circle No. 166 on Subscriber Service Cord 


Parametric Amplifier 


An X-band design parametric amplifier, designed pri- 
marily for radio astronomy, space communications or ad- 
vanced radar applications, is being marketed by Microwave 
Physics Corp, 

The X-14 was designed for 48-hr. operation on a single 


Pa 


charge of liquid nitrogen. It is supplied with a klystron 
power supply, parametric amplifier in a +45-degree tiltable 
dewar and remote monitor with bias power supply. Signal 
frequency is 7.5—8.05 gc; gain is 15 db nominal; instan- 
taneous bandwidth is 20 mc to 1.0 db points. 

Circle No. 167 on Subscriber Service Cord 
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TUNGSTEN BILLETS 


1” TO 9” IN DIAMETER and preforms up to one foot! 
General Electric PS (pressed and sintered) Tungsten can be 
made in almost any size and shape you need. In billets and 
preforms for forging. In slabs for rolling. In electrode bars 
for vacuum arc melting. In shapes and forms for direct machin- 
ing into missile hardware, crucibles, furnace boats, etc. 

Where can you use the unusual properties of tungsten? 
6170°F. melting point, excellent high-temperature strength, 
good thermal conductivity, good erosion resistance. General 
Electric PS Tungsten may be your material! 

General Electric PS Tungsten also gives you the advantages 
of high purity (99.95% minimum) and high density (92% 
minimum). General Electric can supply you with PS Molyb- 
denum, too. For information, write General Electric Co., 
Lamp Metals and Components Dept. MR-46, 21800 Tungsten 
Road, Cleveland, Ohio 44117. 


Progress |s Our Most Important Product 


GENERAL @® ELECTRIC 
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SENIOR 
RESEARCH SCIENTISTS 


Ph.D. level in Aerophysics, Aeronau- 
tics, Gas Dynamics or equivalent fields 
with achievement records in publica- 
tions and/or patents for research in 
such fields as: Transonic Airfoils, 
Shock-Boundary Layer Interactions, 
Interference Effects, Ground Effects, 
Unsteady Transonic Flow, Gas-Sur- 
face-Interactions, and Transport Prob- 
lems in Hypersonic Flow. 


These positions are directly connected 


with a challenging research program 
constituting one of the key activities 
in the new Research Center now un- 
der construction at the Lockheed- 
Georgia Company, Marietta, Georgia. 


Send resume, in confidence, to: Dr. 
C. H. von Kenschitzki, Associate Di- 
rector of Research, Lockheed-Georgia 
Company, 834 West Peachtree Street, 
Atlanta, Georgia 30308, Dept. PP-77. 


LOCKHEED - GEORGIA COMPANY 


A Diviston of Lockheed Aircraft Corporation 


An equal opportunity employer 
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let us move with you! 


Six Weeks Is Required 
To Change Your Magazine Address 


A regulation of the Post Office requires that you 
pay extra postage if copies of 


MISSILES AND ROCKETS 


are forwarded to you at your new address. Copies 
will not be forwarded free and we cannot replace 
lost copies. To insure delivery at your new ad- 
dress please notify us at least six weeks in ad- 
vance of your moving. Send us your old and new 
address, and, if possible, the address label 
from your last issue .. . include your postal 
zone or zip number. Thank you. 


Write to; 


Missiles and Rockets 
Circulation Department 
1001 Vermont Ave., N.W. 
Washington, D.C. 20005 
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—hames In the news 


KREMER 


Sylvania Electric Products, Inc., New 
York City, has formed an electronic com- 
ponents group to be headed by Merle W. 
Kremer. Kremer is a senior vice president 
of Sylvania. Richard M. Osgood was ap- 
pointed vice president and general manager 
of the semiconductor division. 


Leon L. Berman: Promoted to vice 
president-systems of American Electronic 
Laboratories, Inc., Colmar, Pa. Also pro- 
moted was Iverson Korsen, to the position 
of vice president-mechanical engineering. 


John K. Hulm: Honored by the Frank- 
lin Institute of Philadelphia with its 
John Price Wetherill Medal in recognition 
of his discoveries in the field of cryogenics 
research. He is director of cryogenics re- 
search and development at Westinghouse 
Research Laboratories, Pittsburgh. 


Marvin J. Levy: Named vice president 
in charge of operations at Belock Instru- 
ment Corp., College Point, N.Y. He was 
also appointed a member of the board of 
directors of Astro-Space Laboratories, a 
subsidiary of Belock, in Huntsville, Ala. 


Hans Adami: Joined Rocket Research 
Corp., Seattle, as chief of mechanical de- 
sign for monopropellant hydrazine rocket 
systems. He was formerly with The Boeing 
Co. 


Howard H. Haglund: Named to the 
newly created post of deputy manager of 
the Surveyor spacecraft project at the Jet 
Propulsion Laboratory, California Institute 
of Technology and NASA, Pasadena, Calif. 
He was replaced as head of the Guidance 
and Control Div. by John R. Scull. 


Harlowe J. Longfelder and Robert E. 
Bateman: Named to lead The Boeing Co.’s 
team working on the Air Force Manned 
Orbital Laboratory (MOL) program com- 
petition, in Seattle. 


James F. Riley: Elected president of 
Signetics Corp., Sunnyvale, Calif. He was 
formerly with Corning Glass Works. Also 
named was F. J. Van Poppelen, Jr., as 
vice president of marketing. 


Robert S. Childs and Michael Flaherty: 
Elected vice presidents of The Bunker- 
Ramo Corp., Stamford, Conn. Childs will 
be vice president, field operations, and 


ADAMI 


~ 


RILEY 


Flaherty will be vice president, manufac- 
turing. 


Dave Pandres, Jr.: Appointed to head 
the theoretical physics section of the Doug- 
las Aircraft Co.’s corporate advanced re- 
search laboratory, Santa Monica, Calif. 
He is author of numerous scientific articles 
and an active researcher on the quantum 
and general relativity theories. 


Lt. Col. Ballard B. Small: Named proj- 
ect manager of the U.S. Army’s TOW 
missile system under the Army Missile 
Command, Redstone Arsenal, Ala. 


Harold T. Luskin: Heading the new 
manned space programs division of Lock- 
heed Missiles & Space Co., Sunnyvale, 
Calif. He formerly headed Lockeed’s 
NASA programs. 


Charles F. Adams: Elected chairman of 
the board of Raytheon Co., Lexington, 
Mass. Also elected was Thomas L. Phil- 
lips, as president of the company. 


William R. Cummings: Has opened an 
office-in Houston as Houston representative 
for Kollsman Instrument Corp., Syosset, 
N.Y. He was formerly with Ryan Aero- 
nautical Co. 


William G. Christmas: Made general 
manager of the York Div. of American 
Machine & Foundry Co., York, Pa. He 
was formerly in charge of engineering and 
administration. 


Charles H. Berry: Appointed vice presi- 
dent of General Precision, Inc., Tarrytown, 
N.Y., and assigned as corporate manager 
of the company’s Washington, D.C., office. 


J. P. Ruina: Elected president of the 
Institute for Defense Analyses. He is on 
a leave of absense from his position as 
professor of electrical engineering at the 
Massachusetts Institute of Technology. Un- 
til July, 1963, he was assistant director for 
defense research and engineering in the 
office of the Secretary of Defense. 


Charles H. Leithouser: Named director 
of administration for the Martin Co., Balti- 
more. He was previously with the Orlando 
division, where he was executive director 
of management operations. 
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rien and where 


OCTOBER 


Flight Mecbanics and Entry Technology 
Meeting, sponsored by the AIAA and 
NASA, Convention Center, Williams- 
burg, Va., and Langley Field, Va. 
(meeting at Langley is classified), Oct. 
12-13. 


Second Symposium on Protection Against 
Radiations in Space, sponsored by AEC, 
NASA and the Air Force, Civic Audi- 
torium, Gatlinburg, Tenn., Oct. 12-14. 


Second Aerospace Nuclear Propulsion ~ 


Conference (partly classified), spon- 
sored by the American Nuclear Society, 
AIAA, Atomic Energy Commission, 
and NASA, Naval Postgraduate School, 
Monterey, Calif., Oct. 12-15. 


19th Annual International Instrument- 
Automation Conference & Exhibit, 
sponsored by the Instrument Society of 
America, New York Coliseum, New 
York City, Oct. 12-15. 


Symposium on Dosimetry in High Level 
Exposure, International Atomic Energy 
Agency, Vienna, Austria, Oct. 12-16. 


Second Gnidance Test Symposium, spon- 
sored by tbe Air Force Missile De- 
velopment Center, Holloman AFB, 
N.M., Oct. 13-14. 
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34th Symposium on Sbock, Vibration and 
Associated Environments (partially 
classified), sponsored by the Depart- 
ment of Defense (DDR&E), Fort Ord, 
Monterey Peninsula, Calif., Oct. 13-15. 


19th Annual Midwest Quality Control and 
Aircraft and Missile Diviston Confer- 
ence, sponsored by the Dallas-Ft. 
Worth Section of the American Society 
for Quality Control, Dallas, Oct. 15-17. 


Aerospace Frontiers in New Mexico, spon- 
sored by ASME and the University of 
New Mexico, Univ. of New Mexico, 
Albuquerque, Oct. 15-17. 


Combined Analog-Digital (Hybrid) Simula- 
tion, sponsored by Control Tecbnology, 
Inc., Long Beach, Calif., Oct. 16-23. 


Space Fair, sponsored by the U.S. Navy, 
Pacific Missile Range Headquarters, 
Point Mugu, Calif., Oct. 17-18. 


Fall Meeting of the Metallurgical Society 
of the AIME, Sheraton Hotel, Phila- 
delphia, Oct. 18-22. 


Symposium on Unconventional Inertial 
Sensors, sponsored by the Navy, Re- 
public Aviation Corp., and otber goy- 
emmment agencies, Long Island Gradu- 
ate Center of the Polytechnic Institute 
of Brooklyn, Farmingdale, N.Y., Oct. 
19-20. 


Annual Meeting of the Human Factors 
Society, Mayflower Hotel, Washington, 
D.C., Oct. 19-21. 


National Electronics Conference, spon- 
sored by the IEEE, McCormick Place, 
Chicago, Oct. 19-21. 


Engineering Aspects of Space Medicine, 
a sbort course given by The George 
Washington University, Washington, 
D.C., Oct. 19-30. 


Eleventb Annual Air Force Science & En- 
gineering Symposium, sponsored by tbe 
Air Force Systems Command and the 
Office of Aerospace Researcb, Aero- 
space Medical Division, Brooks AFB, 
Tex., Oct. 20-22. 


East Coast Conference on Aerospace and 
Navigational Electronics, sponsored by 
the IEEE, Baltimore, Oct. 21-23. 


11th Symposium on Nuclear Science, spon- 
sored by the IEEE and Air Force Office 
of Scientific Researcb, Philadelphia, 
Oct. 27-29. 


Annual Meeting and Exposition of tbe 
Society of Experimental Stress An- 
alysis, Hotel Manger, Cleveland, Oct. 
28-30. 


Electron Devices Meeting, sponsored by 
the IEEE, Sheraton-Park Hotel, Wash- 
ington, D.C., Oct. 29-30. 
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editorial... 
A Bit of a Squashy Subject 
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NCE AGAIN, Secretary of Defense Robert Mc- 
Namara has made it quite plain that his attitude 
toward the defense industry is sour and that his under- 
standing of the people with whom he works is nil. 
The latest promulgation of Dept. of Defense 
regulations governing acceptance of “any favor, 
gratuity or entertainment” from contractors by DOD 
personnel leaves no doubt of that. It contributes 
nothing to ethical standards of conduct and must 
surely stand as one of the most insulting documents 
to both the industry and the military ever to be issued 
from the Pentagon. 

Assistant Secretary of Defense for Manpower 
Normal S. Paul, in discussing the new code of con- 
duct, describes it as “a bit of a squashy subject.” You 
can bet your boots on that. It is the most squashy, 
muddle-headed approach to the important question 
of industry-government ethics we have yet seen. 

We believe this magazine has a long record of 
insisting on proper standards of conduct by the 
industry in its business dealings with the government. 
We have editorialized against the “booze, blondes 
and bashes” invasion of that relationship. We have 
questioned the propriety of contractors’ hiring former 
military officers purely for their Pentagon influence. 
We have insisted that the industry must avoid the 
appearance of evil as carefully as it does evil itself. 

We believe that the DOD directive on standards of 
conduct issued in December, 1961, was a proper ap- 
proach to the problem. That directive, you may recall, 
stated that individuals in the Defense Dept. would 
be expected to exercise discretion where acceptance 
of a favor “might reasonably be interpreted” as 
affecting their objectivity in performance of duty. 

That directive set the standards of conduct and 
placed the responsibility for ethical behavior where 
it correctly belongs—on the individual concerned. 

The latest amendment attempts to spell out to the 
last detail what constitutes ethical performance for 
the individual. This is an overambitious and mis- 
guided effort to achieve the impossible. 

The implication that a free lunch, tie-clasp or a 
drink in a hospitality suite is sufficient to corrupt a 
military officer or DOD civilian into favoritism is 
ridiculous, as well as insulting. It calls for abrogation 
of friendships, denial of conventional methods of 
doing business and breaches of long-standing trust, 
all in the name of cleaning up a relationship which 
Mr. McNamara has regarded with suspicion ever 
since he took office. 

Certainly, one must be on guard against scandal. 
But there is a world of difference between that and 
the prim, old-maidish attitude which sees in every 
warm handshake an illicit relationship. That is the 
route of the censor and the bluenose. That is the 
route of the new DOD standards of conduct. 

If acceptance of one luncheon from a friend or 
business acquaintance does not corrupt, what then 
is the number of lunches, tie-clasps or drinks which 
does? That question, of course, is impossible to an- 
swer in any quantitative sense. Zero is no more of 
an answer than 100. Ethics is not a question of num- 
bers. 


There are officers in the Pentagon who have 
never accepted a single tie-clasp who are taking 
cash kickbacks from contractors. They, of course, 
cannot be expected to report this in writing within 
48 hours to the designated representative of their 
service. But the poor chap who has inadvertently 
eaten someone’s free lunch—perhaps under the mis- 
taken impression a trade association was paying for 
it—must do so. 

We are reminded of Jean Kerr’s recital of diffi- 
culties with her little boy Christopher, in regard to 
his conduct when he got up ahead of the rest of the 
family on Sunday mornings. He was given a series 
of specific directives: “Don’t wake the baby,” “Don’t 
go outside in your pajamas,” “Don’t eat cookies be- 
fore breakfast,” and so on. Unfortunately, she forgot 
to tell him, “Don’t make flour paste and glue together 
all the pages of the magazine of the Sunday Times.” 


E BELIEVE the moral for DOD should be ap- 
parent. Proper standards can and should be set. 
But any attempt at detailed regulation of behavior is 
bound to reduce itself to the world of childishness. 

Does this mean that a military inspection team 
visiting a plant cannot have lunch in the company 
cafeteria? Does this mean that a company public rela- 
tions officer cannot invite a visiting military astronaut 
to have lunch with members of the local press at 
which he picks up the check? Does it mean that a 
military officer in the Pentagon who accepts a ride 
to Washington in the car of the contract representa- 
tive who has been visiting him must report it within 
48 hours? Can a general still in the service have din- 
ner at the home of his former West Point roommate, 
who happens to be working in the defense industry 
after retirement? 

Presumably, it is not improper under the new 
rules to attend a banquet sponsored by 27 companies 
grouped in a trade association. Obviously, it is im- 
proper to attend a banquet sponsored by one com- 
pany. Is two all right? Four? At what number does 
corruption cease and benefit to government begin? 

Is it permissible at a convention to attend a cock- 
tail party paid for by nine companies, but wrong to 
visit hospitality suites sponsored by the same nine 
companies? What is it that turns Scotch-and-soda into 
Scotch-and-corruption? 

Mr. Paul emphasizes that the new rules are not 
the result of misconduct on the part of either DOD 
personnel or contractors. There was, he says, “no 
specific instance which brought this thing about.” 

Even if there were, the original directive was ade- 
quate to provide the remedy. But without even a 
single instance as justification, the whole change ap- 
pears doubly asinine. 

Certainly, there are corrupt officers in the Pen- 
tagon and corrupt members of the industry. But we 
can assure you, Mr. McNamara and Mr. Paul, that 
nothing exists any more contemptible than your own 
attitude toward the industry and the people who work 
for you. 

William J. Coughlin 
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“WE SWITCH YOU NOW TO TOKYO, VIA SYNCOM III” 


XVIII OLYMPIAD 


has been brought to you live 
through the assistance* of 


VARIAN associates 


- ~ 
Pal 


-" VARIAN TUBES ARE INSTALLED ~~ 
IN SYNCOM III A 
GROUND TRANSMITTER AND 
RECEIVER STATIONS 
FOR THE 1964 OLYMPIC TELECASTS 


* 
SYNCOM Ill 
GROUND TRANSMITTER 


built by Nippon Electric Co., 
is powered by Varian’s VA- 
863 low noise, X-band 10 
kW CW amplifier klystron. 


* 
-) SYNCOM Il 
MY GROUND RECEIVER 


@. built by Hughes Aircraft Co., | 
operates with Varian’s high- 
ly stable VA-240 parametric 
amplifier pump tube. 


ce 


@ VARIAN ‘fuse civision 
Executive Offices: 611 Hansen Way, Palo Alto 10, Calif. 2 Microwave Tube Group: Palo Alto Tube Division O Solid State Products (J Bomac 
Division O SFD Laboratories, Inc. 0 Semicon Associates, Inc. Varian Associates of Canada, Ltd. 0 tn Europe: Varian A.G., Zug, Switzerland 
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R&D Manufacturing: 


From miniature components to manned space vehicles— 


Avco/RAD builds the hardware it designs. Would you expect to find a major manufacturing 
capability in an R&D company? At Avco/RAD, we are capable of producing anything our 1,528 scientists 
and engineers might dream up. Whether it's putting delicate sensors into miniature test shapes, fabricating 
precision arming and fuzing devices, or turning that 20-foot-diameter Apollo Command Module heat shield 
on the largest vertical turret lathe in the United States. We do it ourselves—right under the eyes of the 
engineers who designed it. At RAD, programs only start in the laboratory. We go right on through aero- 
dynamic, thermodynamic, and environmental design and testing. We fabricate the full-scale vehicles and 
flight-test them. And we deliver reliable, operational systems, on time, at budgeted cost. That’s what we mean 
when we say: Avco/RAD is an integrated research and development organization. 


AIVG@/RAB 


AVCO CORPORATION/RESEARCH AND ADVANCED DEVELOPMENT DIVISION/WILMINGTON, MASSACHUSETTS 
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NASA Plans 
No ‘Crash 


Program’ 


Despite 
Voskhod 


ESRO To Buy 
U.S. Equipment 


IBM’s Thin-film 


Computer 


AIAA Report on 
Entry Problems 


‘Grating Lobe’ Antenna 
At Martin-Orlando 


“ 


oe 
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Coming the one-for-all space guidance system. In the past, each new space mission has 
meant development of a new guidance system, requiring precious time and large expenditures. 0 Now, to 
provide maximum reliability and performance at the least cost, Sperry is studying development, under 
government sponsorship, of a single “core” universal space guidance system, with optional 
“building block’ add-ons for a wide span of missions in a wide variety of space vehicles. 

This new design will offer accuracy and reliability, with system flexibility. The in-depth 
experience for this new concept— inertial guidance and control, infra-red optics, digital 
and analog techniques, radar, displays and system management —is all “under one DIVISION OF 


P RAN 
roof” at Sperry. INERTIAL DIVISION, Sperry Gyroscope Co., Great Neck, New York. eOnEOE TION 
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TRACKING SYSTEM 
Ca>»ioacaae 


Constantly updating and improving its advanced tracking systems, Canoga has now created a new TELAR antenna array for 
the Canoga TELTRAC“ telemetry tracking system, The result is TELTRAC JI, a system which minimizes multipath at low 
elevation angles. The new fan beam array used in TELTRAC II has an elevation beam width of only 13 degrees at 260 mc. 
Lower frequencies have slightly wider beam widths. The difference pattern side lobes are 

below the peak of the sum channel pattern by 21 db. Overall tracking system perform- 

ance is substantially improved. TELTRAC | with its octagonal crossed dipole array, and 

now TELTRAC Ii with the Fan Beam antenna shown here, are being produced in the 200 

mc and 400 mc ranges and will be utilized for the follow-on MERCURY and GEMINI 

programs. These systems can be modified to meet other customer specified frequency 

ranges. 

Write for TELAR antenna and TELTRAC system details. 

(Career opportunities for engineers; Canoga is an equal opportunity employer.) 


Carmo Ge E-ectronics corPoRATION - Comanche at Sunburst * Chatsworth, California * 341-3010 
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NEVER A ‘DUD’ MOMENT...FOR SURE! 


F&M Systems Co. designs Data Acquisition, Instrumentation, 
and Control Systems for unique Rocket Motor Test Facility. 


A highly versatile Rocket Motor Test Facility has been 
established at Hill Air Force Base, Utah. This test facility 
will be used in quality, reliability, and safety assurance 
programs for Air Force weapons systems — thus assuring 
there will never be a ‘dud’ moment in the nation’s defense 
preparedness program. Rocket motors for the Minuteman, 
BOMARC, and MACE missiles are among those to be 
tested on a continuing basis. 


F&M Systems is responsible for design, development, fabri- 
cation, installation, and checkout of all instrumentation 
and controls for the facility. Among the advanced features 
are: self-contained data reformatting for the several-hundred 
channel, high-speed digital data acquisition and recording 


F&M SYSTEMS CoO. 


@ A DIVISION OF FISCHBACH AND MOORE, INCORPORATED 


systems; constant band-width analog systems; very low 
noise in all data systems; and utilization throughout of 
solid-state devices. 


F&M-furnished horizontal and vertical test stands are 
sectionalized, enabling tests of various length motors in 
the same facility. These stands have no cradles, thus 
reducing effective motor mass— providing more accurate 
thrust measurement. 


Fischbach and Moore’s F&M Systems Co. accepts total 
responsibility — design through checkout—for complex 
instrumentation systems for government and industry. Write 
for 32-page illustrated brochure —F&M Systems Capabilities. 


P.O. BOX 26329 AREA CODE 214, HA 81573 DALLAS, TEXAS 75226 


Career opportunities for competent engineers... with an equal opportunity employer. 
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Saturn... the dependable 


On January 29, NASA’s Saturn SA-5 lifted 
off from the pad at the John F. Kennedy Space 
Center carrying the first live S-IV second stage 
and the heaviest payload ever orbited—more 
than 37,000 pounds. 

It thus established beyond a doubt the de- 
pendability of Saturn I, and its fitness for the key 
role it will play in our nation’s space exploration 
program. 

The role of the upcoming Saturn IB inthe 
NASA Apollo program will be to earth orbit 
manned Apollo spacecraft vehicles for tests of 
the rendezvous and docking methods to be used 
in later manned lunar landing flights 

It is also the logical vehicle for all programs 
where relief from the present weight and space 
restrictions on payload are desired. 


SPACE DIVISION ~ 


booster of the space age 


In fulfilling its role in the expanding national 
space program CHRYSLER Corporation SPACE 
Division—prime contractor to NASA for the 
first stage of the Saturn I and IB vehicles—has a 
continuing need for creative, experienced 
engineers and scientists at all levels and in 
many disciplines. Some of the challenging posi- 
tions now open are listed on the page opposite. 

Chrysler activities on the Saturn 1/IB are di- 
vided among three pleasant Southern locations 
where you will find a rewarding professional cli- 
mate and congenial living conditions. 

Send your resume, in confidence, to Person- 
nel Dept. B-9 at the location of your choice: 

P. O. Box 29200, New Orleans, La. 70129 
1312 Meridian St. N., Huntsville, Ala. 38507 
8880 Astronaut Blvd., Cape Kennedy, Fla. 


C CHRYSLER 


CORPORATION 


An equal opportunity employer 
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——letters 


Lunar Dust Solution 


To the Editor: 


In regard to letters to the editor pub- 
lished in MISSILES AND ROCKETs’ Aug. 31 
and Sept. 28 issues, this is intended as a 
suggestive question. 

With all of the debate over whether 
there is dust on the lunar surface, how thick 
it is—if it is there, what its consistency 
is, etc., it is logical to me that with our 
present capability the issue could be simply 
solved. 

An already proven capable engine (I 
presume we have some) could be 
made available with schedule alterations, 
equipped with a small stage booster ahead 
of the camera stage. At a triggered time 
before impact on the lunar surface (it 
would) separate from the camera stage, 
boost itself ahead of the camera (at the 
same time slowing the camera stage down) 
and go into the surface. 

With the camera following behind re- 
laying photos home, we could prove beyond 
doubt what is there and what it is like 
and get on with our work in less time. 

Who knows, someone may be smart 
enough to save some bucks with an early 
answer. 


B. G. Moss 
Seattle 


Gemini RCS Propellants 


To the Editor: 

Ref: “GT-2 Arrives at Cape” (M/R, 
Sept. 28, p. 15). 

Upon reading the paragraph beneath 
the photograph, specific attention was 
taken to the sentence, “The 7,000-lb. space- 
craft will next proceed to the Fluid Test 
Complex, where its hydrogen peroxide 
thrusters will be test-fired.” 

Back in the glorious days of the Mer- 
cury program, the fluid used in the reaction 
control system (RCS) for spacecraft ma- 
neuvering was hydrogen peroxide. 

The Gemini spacecraft RCS utilizes 
monomethy! hydrazine and nitrogen tetrox- 
ide as the fuel and oxidizer respectively; 
these will be the propellants for all flights, 
beginning with GT-2. 

It is hoped that you will make this cor- 
rection in the next M/R for your readers. 


Roderick S. Bass 

Launch and Flight 
Operations Engineer 

Manned Spacecraft 
Center 

NASA 

Houston 


‘How to Play Unpolitics’ 


To the Editor: 


I read with great interest your Oct. 5 
editorial (“How to Play Unpolitics’). 
Really, what did you expect from a 
party hack with makings of a political 
commissar? 
A. J. Jankunas 
Cicero, II. 
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Space Facts for Youngsters 


To the Editor: 

Recently I obtained from an ROTC 
officer at the University of Portland your 
address, from which I hope to obtain mate- 
rial on space, missiles and the like for my 
young son. 

Bill is only 15 but has an insatiable 
yearning to learn more about space. Most 
schools do not offer any such material in 
their course of study and I feel he should 
have it to satisfy his desires as he plans to 
follow this line in his education in the 
next few years, especially college. 

Is it possible to be on a mailing 
for such publications? 


Mrs. William Fleming, 
LaCenter, Wash. 


list 


Jr. 


The National Aeronautics and Space 
Administration maintains an office which 
supplies such material for students. Re- 
quests from Mrs. Fleming and other read- 


ers with similar interest should be ad- 
dressed to: 
Educational Publications 
Code AFEE-5 
NASA 
Washington, D.C. 20546 


—Ed. 


Cards Si, Tokyo No 


To the Editor: 

I hope that the television schedulers 
in the future will do a better job of bring- 
ing us the blessings of worldwide TV than 
was provided from the Olympics. Give me 
(at this writing) the live World Series 


show. 


Cass Scherman 
St. Louis 


To the Editor: 

As a taxpayer who contributed his 
tiny bit to the cost of the program, I pro- 
test the muzzling of Syncoin. 


Frederick Levine 
New York 


Reprints of ASW Report 


REPRINTS of the entire 
Special Report on Anti-Sub- 
marine Warfare published in 
the September 21 MISSILES 
AND ROCKETS may be obtained 
from: 


Research Department 


Missiles and Rockets 
1001 Vermont Avenue, NW 
Washington, D.C. 20005 


Price is $1.00 per copy. Bulk 
rates upon request. 


| 


These positions will be 
filled immediately in 
our New Orleans operations 


AEROSPACE PHYSICS 


ACOUSTIC and VIBRATION ENGINEERS 
and SUPERVISOR 


Primary experience should be in unsteady 
phenomena such as aerodynamic noise and 
vibration. Will direct prediction of complete 


aerodynamic environment of Saturn and ad- 
vanced Saturn vehicles. Also direct the estab- 
lishment of shock and vibration criteria corre- 
sponding to the predicted environment, including 
acoustics and buffeting. Minimum 5 years ex- 
perience. 
AERODYNAMICS ENGINEERS 
and SUPERVISORS 

To perform analyses of aerodynamic forces and 
moments, loads and related studies on large 
booster systems, and direct methods development 
studies. 


FLIGHT DYNAMICS ENGINEERS 
and SUPERVISORS 
To perform dynamic analyses for frequencies and 
mode shapes of elastic structures; stability an- 
alysis of elastic vehicles to determine control 
filter requirements and tank baffling; response of 
elastic vehicles to winds to determine maximum 
bending moments, shear loads and trajectory 
errors. 
FLIGHT MECHANICS ENGINEERS 
and SPECIALISTS 
. with experience in flight path optimization, 
propellant loading analysis, impact dispersion of 
spent stages, rigid body control, dynamics of 
stage separation, determination of abart sens- 
ing parameters, and lift off motion studies. Must 
be familiar with six degree of freedom trajectory 
digital simulation techniques. 
FLUID MECHANICS ENGINEERS 
and SUPERVISORS 
To supervise selection and develapment of an- 
alytical and experimental techniques far salutions 
to fluid dynamic problems (aerodynamic and 
structural heating, cryogenic storage, boundary 
layer theory, reaction kinetics and ablation, 
fluid flow problems and gas dynamics). 
THERMODYNAMICS ENGINEERS 
To perform analyses of structural and base heat- 
ing, cryogenic starage and pressurization system 
studies, including methods development. Requires 
3 years minimum experience. 


Excellent positions in other 
disciplines are also available in 
Huntsville and Cape Kennedy, 

as well as in New Orleans. 


CORPORATION 


SPACE DIVISION “y CHRYSLER 


An equal opportunity employer. 
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NASA said: 


“Develop for ‘OGO’an 8-channel wai : 
data processor “>~ . 4 
consuming no more than ee a 
700 mW and no larger - 5 <S 
than 16 cubic inches.” 


“NASA's Orbiting Geophysical Obs 
A project of the Goddard Spac: ecm inter 


General Instrument 
1S doing more- 


kag ag a 100% microelectronic 
~, package composed of 150 GI 
<WY Multichip MICROCIRCUITS 

¥ consuming only 370 mW- 
all in a space of just 8 cubic inches. 


Write for full information on General Instrument’s 
advances in Multichip technology. 


Sasa INS Cae -CORRORATIO’ AS in ice 


‘S GROUP 


600 West John Street, Hicksville, New York 
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The Countdown 


WASHINGTON 


ASTOR To Be Competitively Procured 


BuWeps apparently plans to solicit proposals for its next 
production buy of the ASTOR (nuclear Anti-Submarine Tor- 
pedo). Westinghouse developed the weapon and has been 
producing it on a sole-source basis until now. This action, 
if taken, would seem to confirm a new policy on the part of 
the Navy. Recently, the service has competitively procured 
Bullpup, the AQM-37A and the Sidewinder IC guidance and 
control. 


Cheap SAM Missile Sought by Navy 


An “austere” surface-to-air missile system for deployment 
on amphibious and auxiliary vessels is being considered for 
development by the Navy. BuWeps is looking for a con- 
tractor to develop a prototype shipboard system from Gov- 
ernment-furnished missile, launcher and fire control equip- 
ment. 


Apollo Experiment Needs Updated 


NASA has issued a new booklet detailing the types of 
experiments it would like to launch on manned A pollo Earth- 
orbital and lunar missions. The Apollo In-flight Experiment 
Guide, dated Sept. 15, brings up to date an earlier guide 
published on June 11. About 80 lbs. of the Apollo Command 
Module will be available for experiments and another 500 
lbs. of inaccessible experiments can be accommodated in the 
forward skirt of the S-IVB stage. 


New Penetration Aid Being Tested 


Infrared flares ejected from a nose cone during re-entry 
are a promising new penetration aid under test in the ABRES 
program. The flares would extend the range of confusion 
devices into another part of the electromagnetic spectrum. 
And, since infrared is an important discrimination device 
in the atmosphere, IR flares giving approximately the same 
signature as the warhead could defeat atmospheric filtering 
of decoys until it was too late to react with a defensive mis- 
sile. 


START Delayed Until Next Year 


A Defense official has told CouNTDOWN that the START 
program package is unlikely to be completed before the end 
of the year. Thus, the program which is to include 10-14 
different tasks in the area of maneuverable re-entry technol- 
ogy will be more than a year in the making. This program 
was to fill the gap left last December when Secretary of 
Defense McNamara cancelled the X-20. 


Air-Breathing Boosters Coming 


Both the Dept. of Defense and the Air Force feel that the 
next improvement in first-stage propulsion units will come 
from air-breathing boosters. AFSC commander Gen. Bernard 
A. Schriever told COUNTDOWN air-breathing propulsion, per- 
haps in conjunction with new advances in materials, could be 
an area for considerable R&D expansion. 
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JPL Fights Bugs in Mars Mariner 


Reason for removal of ultraviolet photometer from Mars 
Mariner: device caused arcing that obliterated all television 
data in a systems test, and JPL had no time to do anything 
about it. UV photometer was to have provided information 
about Martian atmosphere. Other problems met in a 10-day 
systems test in a simulator included difficulty in getting the 
narrow-angle planet tracker to acquire Mars, and failure 
of both transmitter power amplifiers to operate. 


INDUSTRY 


AUSA Refunding Convention Monies 


As a result of Dept. of the Army implementation of the 
Standards of Conduct directive immediately, rather than 
waiting until the Nov. 24 effective date, the Association of 
the United States Army is offering refunds to companies that 
reserved tables for its annual convention Nov. 16-18. Hos- 
pitality suites will be replaced by an AUSA-operated 
courtesy lounge available to convention attendees and in- 
dustry representatives. The latter will have to pay a fee for 
use of the lounge. 


Two Companies Vie for STARS 


Goddard Space Flight Center has selected Beckman 
Instruments, Inc. and Electro-Mechanical Research, Inc. for 
negotiations leading to award of a contract for three Satellite 
Telemetry Automatic Reduction Systems (STARS). Winning 
firm will receive a contract expected to be valued at about 
$2.5 million. 


Westinghouse Apollo Camera Award Near 


Westinghouse Electric Corp.’s Aerospace Div. is expected 
to receive a contract before the end of the month for a hand- 
held television camera for Apollo astronauts. At least 12 
items, including prototypes and flight models, will be pro- 
duced under the contract, expected to be worth $2.2 million. 


Douglas Proposes Extra Saturn V Potential 


Douglas Aircraft Co.’s Missile and Space Systems Div. 
says the escape potential of the Saturn V vehicle can be hiked 
by nearly 10,000 lbs. through three modifications in the S- 
IVB stage. The changes would include substitution of high- 
performance insulation for the internal hydrogen tank in- 
sulation, substitution of a cryogenic attitude control system 
for the storable propellant modules, and programming engine 
mixture ratio to obtain higher specific impulse late in flight. 


Boeing Awards Lunar Orbiter Subconiract 


Boeing has given Radiation Inc. of Melbourne. Fla., a 
subcontract of about $875,000 for pulse-code-modulated 
multiplexer encoders to be used aboard NASA’s Lunar Or- 
biter spacecraft. The devices will transmit guidance and con- 
trol data before and after the 800-lb. satellites go into orbit 
around the Moon. At the same time, Boeing awarded Elec- 
tronic Communications, Inc., of St. Petersburg, a $250,000 
contract for radio equipment to be used in the Minuteman 
improvement program. 
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LOOK WHAT DOUGLAS IS DOING NOW! 


THE ROYAL FAMILY OF JET 
TRANSPORTS, Douglas DC-8s, 
DC-8Fs and DC-9s, make an incom- 
parable airline team. They will cover a 
wider range of passenger-cargo services 
with better performance at lower airline 
servicing and maintenance costs than 
any other combination of jet transports. 


IN THE AIR OR OUTER SPACE. 


BIG CHUNK OF OUTER SPACE 
is 6-story-high steel vacuum tower at 
the Douglas Tulsa Division. It provides 
no-gravity conditions for the testing of 
space systems and models in a chamber 
from which more than 99% of air mole- 
cules have been evacuated. 


READY, WILLING AND ABLE to 
perform a wide variety of missions, the 
Douglas A-4E can pack more punch per 
pound of airplane than any other jet in 
its class. It’s a great performer fully 
loaded at all flight speeds—also has a 
record in actual operation of requiring 
far less maintenance than any com- 
parable combat jet. 


: DO U G LAS GETS THINGS DONE! 


The Missile/Space Week 


More Beacon Explorers Soon 


NASA officials expect to launch 
the third satellite in the Beacon Ex- 
plorer program in three to six 
months. 

The exact launch date will be 
determined after data from the suc- 
cessful Beacon B satellite which was 
placed into orbit on Oct. 9 by a Scout 
launch vehicle. The satellite is now 
known as Explorer XXII. 

The launch from Vandenberg 
AFB, Calif., put the satellite into an 
orbit with an apogee of 669 mi., 
perigee of 549 mi. and a period of 
104.7 minutes. 

The third satellite, Beacon Ex- 
plorer C, will be launched from Wal- 
lops Island into an orbit of about 
620 mi. 

All frequencies of the satellite 
have transmitted data, and informa- 
tion on the vertical profile of the 
atmosphere is being received. 

An attempted laser experiment 
on Oct. 11 had inconclusive results. 
Photos were made during two passes 
of the satellite, but the return beam 
is apparently too weak to differenti- 
ate between radio noise and light 
from stars. 

NASA scientists are still hopeful 
and further laser tests are planned. 
They said some definite idea of the 
suecess of the experiment is expected 
in about a week. 

The advantage of the laser track- 
ing method is that it offers a potential 
accuracy to within 10 meters in range 
and 8-4 seconds of are in angular 
measurement. 


Deep Sea Meeting Set 


Industry will receive the initial 
plans for the Navy’s Deep Submerg- 
ence Systems Project at a conference 
Nov. 24. 

According to Vice Adm. William 
A. Sehoech, chief of Naval Material, 
about 450 potential contractors have. 
been invited to the Washington, D.C., 
meeting. : 

The scheduled briefings will bring 
potential contractors up to date on 
the proposed development program, 
which is being managed by the Spe- 
cial Projects Office of the Office of 
Naval Material. A review group has 
called for a five-year program to give 
the Navy rescue search and recovery 
capabilities in ocean depths down to 
20,000 ft. 

Conference participants will in- 
clude Rear Adm. I. J. Galantin, ONM 
director, Dr. John Craven, chief 
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scientist, Capt. J. H. Dolan, head of 
the Deep Submergence Systems, and 
Capt. George Bond, USN Medical 
Corps., who will direct the man-in- 
sea part of the program. 


Saturn Complex Bids Opened 


The Cleveland construction firm 
of McDowell-Wellman was the appar- 
ent low bidder at $3,533,333 Oct. 14 
when NASA opened bids on the 
modification of the service tower of 
Saturn Launch Complex 34 at Cape 
Kennedy. 

The 310-ft. tower is being altered 
to accommodate Saturn IB. Sixty 
tons of steel reinforcement will be 
added to the structure, and a 24,000- 
sq.-ft. protective weather screen will 
be constructed alongside. 

The job, which will also include 
construction of eight framed and 
decked service platforms and the 
modification of four existing eleva- 
tors to provide more landings, is 
expected to be completed in eight 
months. 


Major Design Changes Seen 


A predicted trend toward in- 
creased human control in future 


_-manned space missions would have 


a profound effect on spacecraft sub- 
system and component design, in 
dustrial researchers have concluded. 

Extended in-flight maintenance 
by astronauts could also mean a 
revolutionary change in launch pad 
design, a Martin Co. spokesman told 
a meeting of the Society of Auto- 
motive Engineers. William O. Camp- 
bell outlined a picture in which on- 
board checkout, countdown and 
emergency repair during extended 
manned missions would result in re- 
sponsibility for checkout centered 
within the spacecraft. This would 
lead to simpler launch pad design, he 
said. 


Shots of the Week 


The Soviet Union on Oct. 12 con- 
firmed months-old rumors of an im- 
pending space spectacular when it 
launched three men aboard the same 
spacecraft (see story, p. 138). The 
craft, called the Voskhod (Sunrise), 
was safely returned to Earth 24 hrs. 
and 17 min. after launch after 16 
orbits. 

@ NASA launched an Argo-D4 
and four Nike Apache rockets from 


Wallops Island, Va., during a 12-hr. 
period Oct. 7 and 8 in a series of up- 
per atmosphere measurements. The 
Measurements made were: wind di- 
rection and velocity; intensity of 
Earth’s magnetic field; temperature 
and density of electrons; composition 
and density of ions above 150 mi.; 
and ion current systems. 

@ NASA launched Beacon Ex- 
plorer B from Wallops Island, Va., 
Oct. 9. (see item this page). 

®© The Navy launched a Polaris 
A-3 missile from the nuclear subma- 
rine, USS James Madison, off the 
Florida coast Oct. 13. The successful 
firing brought the A-3’s record to 15 
successes in 16 shots and completed 
the current test series. 

@® The Soviet Union launched 
Cosmos 48 Oct. 14, just eight days 
after the orbiting of Cosmos 47 and 
2 days after the Voskhod three-man 
spacecraft. 


‘Building Block’ Approach Cited 


The “building block’”’ approach to 
space technology has been success- 
fully demonstrated by the Air Force 
satellite inspector program, accord- 
ing to Dr. Brockway McMillan, Un- 
dersecretary of the Air Force. 

Within a year after a Dept. of 
Defense directive to establish a ca- 
pability, “we had an operational sys- 
tem in space which has achieved a 
demonstrated capability by tests 
against selected U.S. satellite tar- 
gets,” McMillan told the national 
meeting of the Society of Automotive 
Engineers in Los Angeles. 

In addition, DOD has successfully 
accomplished the Vela nuclear detec- 
tion satellite program and the inter- 
mediate DOD comsat program is now 
moving toward a definitive hardware 
contract, McMillan said. 

Stressing that there is no objec- 
tive for creation of a space system 
for its own sake, he said that systems 
can be expected to evolve from a basis 
of sound technology and recognized 
needs. 

The AF Manned Orbiting Laboia- 
tory (MOL) program can be ex- 
pected to determine future space pro- 
grams for both the Air Force and 
DOD, McMillan said, ‘because we in- 
tend to realistically determine man’s 
utility in performing military func- 
tions in space.” The experimental 
program will also provide knowledge 
of DOD command and control net- 
works and overall mission perform- 
ance of military type hardware and 
operations, McMillan said. 
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How to reduce hours to split-seconds 


It’s the newest exclusive talent of CEC’s VR-3600 


Now, with the simple flick of a switch, 
it is possible to automatically change 
from wide-band to narrow-band record- 
ing/reproducing and vice versa. Reason: 
standard amplifiers and electronics 
Were modified so that the VR-3600 
recorder/reproducer can instantly 
provide the higher recording bias and 
signal levels and reproduce equalization 
required for narrow-band frequencies. 


For data reduction, dubbing and sim- 
ilar applications, this means that no 
more precious hours will be wasted 
on manual change-overs and recalibra- 
tions. And... with this modification, 
equipment costs can be reduced as 
much as 40%, 


The following advantages, along with 
the capacity to store vast amounts of 
data on a minimum amount of tape, 
will explain why the VR-3600 is 
commonly referred to as the ideal 
“universal” recorder. 


» Each of its 7 or 14 record/reproduce 


channels can be used for data storage 
in the 400 cps to 1.5 mc frequency 
range...or d-c —500 ke, or standard 
IRIG 10 kc FM(54 ke carrier @ 60 ips), 
wide-band FM to 80 ke (216 ke carrier 
@ 120 ips) with plug-in electronics. 


Record and reproduce amplifiers are 
solid-state; the direct system fully 
amplitude and phase equalized. 


6-speed pushbutton operation is pro- 
vided, with no adjustments required 
between speeds, electronics, too! 


All-metal-front-surface magnetic 
heads are of high efficiency design 
with long life characteristics. 


Tape tension is controlled in all 
operating modes by closed loop 
servo control. 


Automatic end-of-reel sensing stops 
tape without leaders; transfer switch 
provides start command for nearby 
recorder. 


Individual plug-in-equalizers (6 per 
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amplifier) meet all specifications 
simultaneously. Buy only those re- 
quired, then set and forget. 


# The system may be supplied in single 
or dual rack configuration, with or 
without a dolly. 


For the full story about what the VR- 
3600 can do for you, call CEC or write 
for Bulletin 3600-X8. 


‘ Vani 


CEC 


Data Recorders Division 
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No ‘crash program’ planned ... 


Voskhod Shows Big Soviet Lead 


But Administration officials say U.S. can still catch up; 
they doubt that new booster was used, though it may be in works 


THERE WILL BE no significant in- 
crease in NASA’s Fiscal Year 1966 bud- 
get request despite the Soviet Union’s 
most recent space spectacular—the suc- 
cessful orbital flight of three cosmonauts 
in a Voskhod spacecraft weighing about 
15,000 Ibs. 

The spacecraft—a modified Vostok 
vehicle that was secretly man-rated in 
the Soviet’s Cosmos spaceflight series— 
was termed “an important achievement, 
but no basis for a crash U.S. program,” 
by Dr. Edward C. Welsh, acting chair- 
man of the National Aeronautics and 
Space Council. 

The Johnson Administration state- 
ment was made even though the Rus- 
sians’ 24-hour and 17-minute flight put 
this country at least two years behind 
in the space race. A similar U.S. flight 


will not be made until late 1966 at the © 


earliest. 

Hesitancy to sharply increase the 
space agency budget is based in part 
on a study made of a so-called “crash 
program.” NASA learned that such a 
program would cost several hundreds 
of millions of dollars and would gain at 
best only six to 12 months. 

It is also partially based on the be- 
lief of U.S. officials that the Voskhod 
and its launch vehicle—even though the 
Soviet Union claimed both were new 
and powerful vehicles—still are not 
capable of achieving a manned lunar 
landing. 

@ First of a series—Details of the 
Soviet program were revealed by U.S. 
officials following the 16-orbit-plus 
flight of the manned Voskhod space- 
craft launched on Oct. 12. Aboard were 
the pilot, Col. Vladimir Komarov, sci- 
entist/engineer Konstantine Feoktistov 
and the physician, Dr. Boris Yegorov. 

The launch took place at 3:30 am 
EDT Oct. 12. The trio returned safely 
to Earth at 3:47 am EDT Oct. 13, 1964. 
Unlike previous cosmonauts, they 
stayed in their capsule and did not para- 
chute to Earth. 

Soviet scientists and government of- 
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by Hal Taylor 


ficials hailed the flight as the start of a 
series of manned spaceflights leading to 
an orbital space platform and flights to 
the Moon and planets. 

The objective, they said, was to test 
out the new craft, examine multi-man 
crews in action, study scientific and 
human factors in flight, and carry out 
medical biological research in the con- 
ditions of long-duration flight. 

While U.S. officials had been expect- 
ing a new manned Russian space at- 
tempt, the Voskhod flight plan was a 
partial surprise. Previously, U.S. specu- 
lation had centered around either a two- 
man orbital attempt or a possible orbital 
rendezvous mission. 

®@ Tipoff—There was no mention— 
at least publicly—of a three-man flight, 
which is surprising in itself because U.S. 
officials have been aware of Voskhoa’s 
existence for some time. 

It was first revealed by NASA Ad- 
ministrator James E. Webb in testimony 
before the Senate Space Committee on 
March 4, 1964. 

“TI would say that the Russians have 
proceeded in a quite orderly way to 


develop and exploit both in a manned 
and unmanned fashion a large 10,000- 
lb. spacecraft (Vostok) which they have 
shown a capacity to recover,” Webb 
said. 

“They have done a good deal of ex- 
perimental work with the use of a space- 
craft of something like 15,000 Ibs., 
which they are developing apparently to 
place in Earth orbit and then eject from 
orbit for purposes that are not clearly 
known to us at this time, although the 
pattern of flights clearly indicates an in- 
terest in deeper penetration into space 
beyond the Moon.” Webb told the Com- 
mittee. 

@ Man-rating—Officials have also 
been aware that the Russians have been 
man-rating the vehicle in the so-called 
Cosmos satellite series. 

The most recent R&D flight was on 
Oct. 6, 1964, when the Soviet Union 
announced the launching of Cosmos 47. 
The spacecraft, Moscow Radio reported, 
was orbiting the Earth every 90 minutes 
with an apogee of 413 km and a perigee 
of 117 km. After a flight of one day, 


(Continued on page 14) 


Plane Changes Planned for GT-3 


ASTRONAUTS Virgil Grissom 
and John Young will perform three 
plane changes and a maneuver called 
a “radial burn” during the first 
manned Gemini mission in early 
1965 (GT-3). 

“In-and-out” plane changes will 
be made over the Indian Ocean dur- 
ing the second orbit. The spacecraft 
will leave and re-enter the orbital 
plane established during its launch. 
The angle change will be “negligible” 
and the maneuvers will “cancel out.” 

A third plane change will be per- 
formed at the end of the second 


orbit over the west coast of the 


United States. This angle change will 
be “in the hundredths of a degree,” 
but will affect the splashdown point 
in the Atlantic. 

The Gemini is capable of making 
a total plane change of one-half de- 
gree, offsetting its track across the 
ground as much as 30 mi. 

The “radial burn” will translate 
the spacecraft away from Earth to 
rotate the line of apsides (major 
axis). This will not change the shape 
of the orbit, but will relocate apogee 
and perigee. The maneuver will occur 
over the west coast of Mexico at the 
end of the first orbit. 


13 


2 nile 


ABOVE: Col, Vladimir Komarov, pilot (left), and Konstantine Feoktistov, scientist, as 
they appeared to Soviet televiewers while orbiting in their Voskhod spacecraft. Below: 
The third member of the capsule’s crew, Dr. Boris Yegorov, a physician, appears in 
center of photo, taken after completion of the 16-orbit mission. Feoktistov is at left and 


Komarov at right. 


it was ejected out of orbit on Oct. 7. 

Voskhod’s orbital parameters were 
almost cxactly the same. It had an 
orbital period of 90.1 minutes with an 
apogee of 255.6 miles and a perigee of 
112.5 miles. It orbited the Earth for 
exactly 24 hours and 17 minutes. Four 
other Cosmos satellites had similar or- 
bital periods with only slightly different 
high and low altitudes. 

@ Gap assessed—Officials admitted 
the long lead of the Soviets in manned 
spaceflight, but declared this nation 
could still catch up because Voskhod— 
by itselfi—is not capable of a flight to 
the Moon. 

While the new craft weighs 3,000 
Ibs. more than the Apollo spacecraft’s 
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Command Module, it is certain that a 
vehicle weighing many thousands of 
pounds more would be required to carry 
the necessary propulsion and power re- 
quirements of a lunar mission. 

This could be provided by a series 
of rendezvous in Earth orbit. This is 
the mission mode which the Russians 
have apparently decided is the best way 
of going to the Moon and U.S. officials 
foresee such rendezvous flights in the 
next year or two. 

It is also expected that sometime 
next year—just about the time that this 
nation will be launching two astronauts 
on a three-day flight in the Gemini 
spacecraft—the Russians will be send- 
ing their three-man cosmonaut teams on 


orbital missions lasting from one to two 
weeks. 


@ New booster coming?—The U.S. } 


officials also discredited Soviet claims 
that the Voskhod launch vehicle was a 
new booster more powerful than this 
country’s Saturn I. They believe that it 
is the same booster used in the earlier 
Vostok manned flights with perhaps up- 
rated upper stages or a new third stage. 

They admitted, however, that there 


* is “increasing evidence” that the Soviet 


Union is developing a powerful new 
booster, perhaps in the same class as the 
space agency’s 7.5-million-lb.-thrust 
Saturn V. They refused to state the basis 
for their belief, apparently for national 
security reasons. 

The U.S. space experts also dis- 
counted reports that the Soviet flight 
may have been aborted after one day 
because of communications or other 
technical problems. Instead they see the 
flight as the first step in a long series of 
flights which will build up in duration. 
They pointed out that the first Vostok 
flight lasted only one orbit, but then was 
followed by a one-day flight. 

® Life support—Voskhod marked 
the first flight in which the cosmonauts 
discarded their space suits in favor of a 
“shirt sleeve” atmosphere. Space medi- 
cine experts say that this may only in- 
dicate their confidence in their existing 
system—the one already used in the 
Vostok flights. 

This system, which is a mixture of 
oxygen and nitrogen at about a 20/80 
ratio at 14.7 psi (sea level) conditions, 
has been described in Soviet literature 
as being supplied by potassium super- 
oxide, with high-pressure oxygen as a 
backup source for emergency and criti- 
cal mode use. The Soviets claimed some 
time ago that this system was designed 
for an operation from 10-12 days. This 
would be sufficient for a flight to and 
from the Moon. 

The flight climaxed months of un- 
manned Soviet space activity which saw 
22 Cosmos satellite launches and four 
Elektron probes. 

@ Political reaction—Sen. Barry 
Goldwater, Republican candidate for 
the Presidency, called the flight “shock- 
ing news” and demanded a “major re- 
direction of U.S. space efforts.” 

“Near space, the area in which the 
orbital flight takes place, is the key to 
the military use of space. The nation 
that commands near space could, after 
developing proper weapons and ma- 
neuverable spacecraft, dominate the 
Earth. 

“T have pleaded for years for a 
realistic emphasis on research in this 
area. Instead, this Administration has 
dedicated billions of dollars and the 
virtual entirety of its space efforts to a 
Moon shot.” a 
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THE SPACE AGENCY has an- 
nounced that it has dropped plans for a 
second flight of its SERT (Space Elec- 
tric Rocket Test) because of the success 
of SERT I. 

It said that the July 20 flight ful- 
filled the prime objective of proving that 
a stream of ions can be neutralized in 
space. It also demonstrated that the ion 
stream could produce thrust. Since the 
flight, scientists have continued ion en- 
gine research on the ground. 

Ton engines have the advantage of 
low propellant consumption and long 
operation, although the thrust is ex- 
tremely low. These are great advantages 
in propulsion for future deep space mis- 
sions, where little thrust is needed. 

® Conclusive shot—The SERT I 
flight from Wallops Island, Va., consid- 
ered a significant first in the electric 
thrust program, ended speculation about 
neutralization. Before the shot, it had 
not been proved conclusively that an ion 
beam could be neutralized effectively. 


July success conclusive ... 


Without neutralization, there could be 
no fast-moving stream of particles to 
provide thrust. 

SERT I was launched by a Scout 
rocket on a ballistic path to a height of 
2,550 mi. over the Atlantic for a dis- 
tance of 2,100 mi. During the 47-min. 
flight, the spacecraft was a test bed for 
two ion thrustors, mounted at right 
angles to the axis of the booster’s fourth 
stage. In operation, one engine would 
increase the spin of the stage and the 
other would reduce its rpm rate. 

The information gathered has been 
studied by scientists at Lewis Research 
Center, who conducted the experiment 
for NASA’s Office of Advanced Re- 
search and Technology. 

® Engine performance—SERT I 
carried two engines—a Hughes Re- 
search Laboratories contact-ionization 
engine using cesium propellant and an 
electron-bombardment engine using 
mercury pfropellant and made by 
NASA’s Lewis Research Center. 


NASA Announces No Further 
SERT Flights Are Necessary 


The Hughes engine failed to operate 
after repeated tries. The Lewis engine 
produced an ion beam that developed 
0.0055 lbs. thrust. An increase in the 
spin rate of the spacecraft was detected 
by an accelerometer. 

The Lewis engine operated for 19 
min., but experienced automatic shut- 
downs varying from 2 to 16 seconds. 
Periodic shutdowns, caused by electrical 
breakdowns that become less frequent 
after the engine has been in operation, 
are normally encountered in vacuum 
tank tests for several minutes to a few 
hours following the ignition of an ion 
engine. 

Additional confirmation of the neu- 
tralized ion beam came from an instru- 
ment probe, used to survey the beam 
seven inches behind the engine. The 
probe showed that the beam had ex- 
panded by the same amount as found 
in vacuum tank tests. When the neutral- 
izer was turned off, the ion beam 


stopped. | 


Ten proposals received ... 


Navy Evaluates 


MANAGEMENT PROPOSALS 
from 10 companies are being evaluated 
by the Navy’s Bureau of Weapons as 
the first step in establishing a new un- 
derwater tactical range in the Pacific. 
To be located off the West coast of 
Lanai in the Hawaiian Islands, the 
range will be used to test naval weap- 
ons, such as Subroc, Asroc and 
torpcdoes, over their full range in a 
three-dimensional, “near-real-time” cn- 
vironment. 

BuWeps initially solicited proposals 
from 68 companies for the estimated 
$10-15 million facility, but only 10 com- 
panics responded. After evaluation of 
the “methods and management” pro- 
posals, the Navy plans to solicit techni- 
cal proposals from these companies— 
probably in January—and to award a 
firm fixed-price contract for the range 
by next summer. 

The underwater tactical range, ac- 
cording to the Navy, “will be used for 
fleet tactical training with underwater 
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weapons and for evaluating the per- 
formance of various anti-submarine 
(ASW) weapons by tracking the targets, 
the launching vehicle and the weapons’ 
entire trajectory.” The range will cover 
an area of approximately 50 sq. mi., 
with water depth varying from 350 to 
900 fathoms. 

® Capabilities sought—requirements 
for the range include a continuous 
monitoring of the oceanographic en- 
vironment, an underwater acoustic ar- 
ray, an in-air tracking capability and a 
ecntral command-control center with 
requisite data-processing equipment 
into which all these subsystems can be 
tied. 

The acoustic array—consisting of a 
minimum of 38 hydrophones, each 
placed 2,880 yds. from the other—must 
have a tracking accuracy, at a 95% 
confidence level, of + 10 yds. and be 
capable of being placed within 800 ft. 
of the bottom of the test range. It also 
must be able to track up to eight units 


Underwater Range Plans 


simultaneously with 0.5-2 fixes per sec 
per unit being tracked and with a 30- 
knot destroyer interference. 

@ Air radar system—tThe in-air ra- 
dar tracking system will consist of the 
Nike-Ajax Mod V radar for automatic 
infrared, radar (skin and beacon) and 
manual TV tracking while the Nike- 
Ajax acquisition radar will be used for 
air surveillance. Both of these items are 
government-furnished equipment. 

In addition to hydrophone and ra- 
dar data, the data-processing system 
must be able to accept information from 
various other sensors, including internal 
torpedo tapes, theodolite film, sound 
measurement recordings, strip charts 
and data collected from sensors aboard 
ships. 

Oceanographic data will be proc- 
essed on a semi-real time basis, that is, 
the oceanographic data will be moni- 
tored continuously but will be processed 
only on a non-interference basis with 
test operations. a 
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Since 1959... 


Candidates | 


Records on 
Defense and 
Space Bills 


WHILE MANY STATEMENTS 
have been made on defense and space 
issues during this campaign, the voting 
records of the top candidates would 
seem to provide a solid basis for evalu- 
ating the promises made. 

In the accompanying table, the yeas 
and nays of the four candidates are 
recorded on key missile/space issues 
during the last six years. Failure to vote 
is denoted by a question mark. The 
symbols PF and PA represent paired 
for and paired against, respectively. Not 
listed are bills in which only voice votes 
were taken. 

While President Lyndon B. Johnson 
is not represented for the three years 
from 1961 to 1963 when he served as 
Vice President, his position as Presi- 
dent is indicated on the amendments 
offered to the Administration’s money 
bills during 1964. His voting record is 
shown for the years 1959 and 1960. 

Experience each candidate has had 
in Congressional defense and space mat- 
ters can be inferred from their commit- 
tee memberships. Johnson’s lies in both 
space and defense, as he was a member 
of the Senate Armed Services commit- 
tee and first chairman of the Aeronauti- 
cal and Space Sciences Committee. He 
also served as a member of the Ap- 
propriations Committee, which handles 
both areas. 

Sen. Goldwater also has been a 
member of the Armed Services Com- 
mittee, and served on the Select Small 
Business and Labor and Public Welfare 
Committecs. 

Sen. Hubert H. Humphrey headed a 
Small Business subcommittee that this 
year investigated the impact of defense 
spending. He also has been a member 
of the Appropriations and Foreign Rela- 
tions Committees. 

Rep. William E. Miller has not been 
associated with any committees directly 
dealing with military or space matters, 
having been a member of the Judiciary 
and Un-American Activities Commit- 
tees, and the Republican Congressional 
Committee. a 
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DOD AUTHORIZATION 


1964—Senate 
—Passage of bill 
1964—House 
—Passage of bill 
1963—Senate 
—Amendment to cut the extra $196 mil- 
lion voted for the Nike-Zeus. 
~—Amendment to add $134 million for nu- 
clear submarines 
—Passage of bill. 


1963—House 


—Amendment to add $363 million for two 
RS-70's. 


—Amendment to cut DOD bill except AF . 


R&D and Navy precurement, by 5%. 
—Passage of bill. 
1962—Senate 
—Passage of bill. 
1962—House 
—Passage of bill. 
1961—House 
—Passage of bill. 
DOD APPROPRIATION 
1964—Senate 
—Amendment to cut appropriations by 4%. 
~—Amendment to cut all appropriations 2%. 
—Passage of bill. 
1964—House 
—Passage of bill. 
1963—Senate 
—Amendment to cut all by 10%. 
—Amendment to cut MMRBM $60 million. 
—Passage of bill. 
1963—House 
—Passage of bill. 
1962—Senate 
-—Amendment to cut RS-70 $320 million. 
—Passage of bill. 
1962—House 
—Passage of bill. 
1961—Senate 
—Amendment to cut $525 million extra 
veted for manned bombers. 
—Passage of bill. 
1961—House 
—Passage af bill. 
1960—Senate 
—Passage of bill. 
1960—House 
—Passage of bill. 
1989—Senate 
—Passage of bill. 
19$9—House 
—Passage of bill. 
NASA AUTHORIZATION 
1964—Senote 
—Amendment to cut $267 millien from 
NASA or 10% Apollo. 
—Passage of bill. 
1964—H ouse 
—Passage of bill. 
1963—Senate 
—Amendment to cut $307 million or back 
to House level. 
1963—House 
—Passage of bill. 
—Vote to recommit conference bill back to 
committee and keep at House level. 
1962—House 
—Passage of FY ‘62 sup. 
—Passage of bill. 
1961—House 
—Pass conference bill. 
1960—Senate 
—Passage of bill. 
1960—House 
—Passage of bill. 
1989—Senate 
—Passage of bill. 
19S 9—Hause 
—Passage of bill. 
NASA APPROPRIATIONS 
1964—Senate 
—Amendment ta cut by $100 million 
1964—Hause 
—Amendment to cut by $200 million 
1963—Senate 
—Amendment to cut by $519 millian 
1963—House 
Amendment to cut by $200 million 
—Passage of bill. 
1962—Senate 
—Amendment to cut NASA $104 million. 
—Passoge of bill. 
1962—House 
—Passage of bill. 
1960—Senate 
—Supplemental funds to NASA 
1959—Senate 
—Passage of bill. 
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| SPECIAL COMPUTER SYSTEMS PROJECT: 


New CONTROL DATA® 3600 system helps Command Central call their shots. 


The new NASA Manned Spacecraft 
Center (Houston) is inaugurating 
its digital command system, in- 
cluding a powerful new CON- 
TROL DATA 3600 Computer. 
Primary application of the com- 
puter: to minutely go over Gemini 
and Apollo manned spaceflight 
data. Analyze the moment-by- 
moment records of each flight— 
glean information essential to the 
success of the mission, as well as 
other such flights that will follow. 

Compatibility engineered into 
this 3600 system allows it to inter- 


face with two other CONTROL 
DATA 3200 Computers also em- 
ployed here. The space center 
handles collection, preparation 
and reduction of flight-test data 
. .. pre- and postflight checkout 
computations ... rendezvous... 
and supplies vital back-up for in- 
flight, orbit and reentry analyses. 

CONTROL DATA serves the 
World, with hardware, software, 
support in depth—all oriented to 
the user and his methods. For 
details on how CONTROL DATA 
can provide you with complete 
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special systems performance and 
reliability, contact your represent- 
ative; or our Minneapolis address 
direct. Dept. M-104. 


CONTROL DATA 


CORPORATION 


8100 34th AVE. SO., MPLS., MINN. 55440 


Specialized computer systems from 
advanced technology, available today 


Dr. Hall declares ... 


Recoverable Booster Development 
Must Await Bigger Savings Yields 


CURRENT CONCEPTS for rc- 
coverable boosters do not offer “suf- 
ficient promise” of real economic 
gains to justify their development, 
says Dr. Albert C. Hall, Deputy Direc- 
tor (Space) Defense Research & En- 
gineering. 

Hall told the Flight Mechanics and 
Entry Technology conference at Wil- 
liamsburg, Va., that “there seems to be 
little question that our scientific and 
engineering communities could, for an 
RDT&E cost of $2 billion, produce a 
re-entering and re-usable booster system. 
The ideas that have thus far been ex- 
plored, however, do not offer sufficient 
promise of the real economic gain that 
would be required to justify such a 
large R&D expenditure.” 

The Oct. 12-13 meeting was spon- 
sored by the American Institute of 
Aeronautics and Astronautics. (See re- 
lated story, p. 41). 

In a_ simplified version of the 
accounting involved, Hall cited a booster 
with a payload of 25,000 Ibs. (Titan- 
II-C class), which could be developed 
for approximately $1 billion and be pro- 
duced in “reasonable numbers” for $14 
million. 

Assuming the $2 billion for devel- 
opment of a re-usable system and assign- 
ing vehicle costs to manufacturing, 
factory test and launch costs (one-third 
to each category), the re-usable vehicle 
might allow savings of two-thirds of the 
manufacturing cost and one-half of the 
factory test cost. 

“This would mean that the cost per 
flight of a re-usable vehicle would be 
about 61% of that of an expendable 
booster,” Hall pointed out. This saves 
$5.5 million per flight over the $14 
million expendable vehicle. 

Assuming the launch rate doubles 
over the next five years from the present 
150,000 Ibs. in orbit to 300,000—a 
figure Hall defended on the basis that 
the weight in orbit has increased only 
30% over the last three years—it would 
take 60 years to amortize the initial 
R&D investment in the re-usable system. 

“It seems unlikely, therefore, that 
re-usable booster concepts presented 
will produce the desired economies in 
space transportation costs,” he con- 
cluded. “Of course, factors such as a 
tundamentally new propulsion concepts, 
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by James Trainor 


or a genuine breakthrough in the re- 
duction of test and launch costs might 
cause the re-usable booster to be eco- 
nomically attractive.” 

® Re-entry technology—Citing the 
history of Air Force and Army 
exploratory development work on 
IBCM nose cones, Hall drew a parallel 
between that effort and thc current 
Project Defender and Advanced Ballistic 
Re-entry System (ABRES) programs. 

“Today’s re-entry body represents 

. . considerable improvcment over the 
early cfforts to achieve successful re- 
entry. The advent of ablation shield 
materials made from the organic poly- 
mers; the advent of glass fiber laminates, 
Teflon and phenolic-zirconium foam all 
have enhanced our efforts to design 
re-entry bodies whose shapcs and weight 
pcrmit us to exploit a much greater de- 
gree of sophistication in weapon system 
design.” 

The ABRES program is geared to 
the development and test of penctration 
aids as well as studies of re-entry phe- 
nomena and the development of new 
re-entry bodies. Defender, although the 
converse of ABRES in that it seeks to 
defend against ICBM attacks, is also 
concerned with missile phenomena 
during launch, mid-course and terminal 
phases of their trajectories. 

Launch phase measurements arc 
now nearing completion and, in Hall’s 
words, the problem is becoming not one 
of data acquisition but of data reduction 
and analysis. The other two phases, and 
especially the Pacific Range Electro- 
magnetic Signature Studies (PRESS) 
and the Tradex radar program arc 
continuing. 

@ Maneuvering re-entry—Thc De- 
fense Dept. is interested in maneuver- 
able vehicle technology to permit thc 
recovery of “men or information at 
costs competitive with other means to 
achieve the same result.” Hall stressed. 
Plans are currently under way to de- 
velop this technology, and, should a 
need arise, to apply it to a ferry vehiclc 
used in conjunction with an operational 
space station. 

Although praising the Y-/5 flight 
program and the technology derived 
from the X-20, Hall emphasized that 
unmanned spacecraft, such as ASSET 
and the Project Fire vehicle, can ex- 


plore materials, heating and aerody- 
namic problems “that would not be 
appropriate to investigate with a man- 
ned vehicle because of safety considera- 
tions. It is our plan to make greater use 
of this type of program in the immediate 
future. It should be possible to acquire 
much of the needed information less 
expensively in this manner.” 

With the availability of Titan II/, 
DOD “sees the possibility of flying 
multiple small re-entering devices to 
bring back data such as biological sam- 
ples, materials aged in orbit and the 
like.” For this reason, the flight regimes 
to be studied first are those associated 
with recovery of relatively small pay- 
loads (under 500 lIbs.). 

Second priority will be given to re- 
turning payloads of a size equivalent 
to potential ferry requirements. This re- 
quirement can stem from the need to 
recover either men or materials, “al- 
though the requirements are likely to 
be sct by man and his protection,” Dr. 
Hall said. 

Interest also exists in the develop- 
ment of an ablation-cooled lifting re- 
entry body capable of “at least 600 
nautical mile cross range maneuvering.” 
Since configurations apparently exist to 
satisfy this requirement and at the same 
time offer adequate volume and weight 
capabilities, DOD is studying the 
desirability of testing one or more of 
these configurations. 

@ Further effort outlined—In ordcr 
to “fill the voids in our present knowl- 
edge and understanding,” Hall stressed 
that DOD needed increased effort in 
entry technology to: 

—Develop less expensive radiative 
and ablative materials that can be easily 
molded and applied to spacecraft and 
aircraft structures in the field with a 
minimum of special tools, equipment 
and engineering assistance. 

—-Develop less expensive and Icss 
complex manufacturing and fabrication 
processes and techniques for utilizing 
refractory alloys. 

—-Find ways and means to reducc 
the launch services, refurbishment and 
testing costs associated with either 
usable or re-usable boosters and space- 
craft. These are the major blocks to 
achieving a _ cost/effective re-usable 
system. 1 | 
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: 85-90% approved... 


Minimal Design Changes Appear in 
First All-Metal Mockup of LEM 


Exterior shows greater detail than previous plywood model; 
interior includes much more equipment, some of it prototypes 


BeTHPAGE, N.Y.—Very few detail 
design changes characterize the M-S all- 
metal mockup of the Lunar Excursion 
Module for the Apollo program. 

Shown for the first time at Grumman 

_ Aircraft Engineering Corp.’s LEM fa- 
cilities here Oct. 8, the M-5 mockup 
represents an engineering and manufac- 
turing tool more than just a geometri- 
cally similar, full-scale model of the 
LEM. 

Compared to the plywood mockup 
revealed earlier in the program, the M-5 
shows more exterior detail and far more 
interior equipment and systems installa- 
tions. In many cases, prototype equip- 
ment has been installed. Shape of the 
landing-gear footpad has been changed, 
and Grumman vice president Joseph 
Gavin pointed out that the new shape 
is consistent with design requirements 
estimated from Ranger VII data. 

Details of several antennas have 
been altered since the wooden mockup 
was shown; changes are particularly 
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obvious in the rendezvous radar above 
the crew compartment. 

Gavin said that a further weight 
control program was under way, and 
that the LEM team is hopeful of main- 
taining a balanced tradeoff from now on 
so that the addition of new items or 
changes in existing equipment will be 
balanced by weight saved through the 
program. Grumman has exceeded its 
original basic weight estimate and used 
essentially all of the weight allowed in 
the LEM design. But most observers 
feel that the original weight estimates 
were not too realistic and were limited 
by performance of the vehicle rather 
than by the design requirements of the 
Lunar Excursion Module. 

Dr. Joseph Shea, NASA’s Apollo 
Program Manager and one of a group of 
space agency officials who spent a week 
at Grumman in a detailed criticism of 
the M-5, said that between 85 and 95% 
of the LEM design has been approved 
and that NASA is now checking some 


What Moon 
Is Made of? 


ALLIS-CHALM- 
ERS scientist Dr. 
Thomas P. Meloy 
shown with “fairy 
castle structure” 
developed to show 
how microscopic 
particles of lunar 
dust created by me- 
teoroid bombard- 
ment may form 
sponge-like layer. 
Model is magnified 
1,000 times. 
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details after the mockup inspection. 
“The changes represent only minor 
problems,” he added. 

Gavin said the mockup represented 
the first set of metal parts released and 
fabricated for the LEM, and the first 
set through the fixtures built for the 
production program. Grumman _ will 
build nine ground-test vehicles and 11 
LEM flight models. 

@ Engines through jigs—Both the 
first and second descent stages of LEM 
have gone through the jigs, and the first 
ascent stage has also been jig-fabricated. 
All routine shop procedures associated 
with production of any spacecraft, start- 
ing with the routing of drawings and 
ordering of raw materials and including 
complete quality control, have been 
used in the construction of the M-5 
mockup. 

Because of the difference in loads— 
Earth gravity is more severe than opera- 
tional loads on some portions of the 
LEM—and because of the anticipated 
usefulness of the M-5 mockup, it is more 
tuggedly built than the LEM specifica- 
tions demand in some areas. For exam- 
ple, Gavin pointed out, there are more 
rivets than necessary. The mockup will 
be updated from time to time as changes 
appear desirable or necessary. 

® Showing a puzzle—Official show- 
ing of the all-metal mockup so soon 
after the presentation of the wooden 
mockup was a puzzle to many observ- 
ers, who could see no particular reason 
for the effort. NASA’s viewpoint was 
that this was a routine step in the Apollo 
program. 

But one cynic observed that the 
press conference and the staged per- 
formance for TV and news cameras was 
part of the Administration’s October 


Technical Revolution, and said that 
LEM really meant “Lyndon’s Election 
Module.” | 
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How big craftsmanship brings big 


lA. 


Man is fast breaking his bonds with earth, bringing reality to an an- 
cient dream. Just around the corner is the moon... and a few tomor- 
rows beyond... other planets and the far-off stars. 

In the exciting events taking man spaceward, space simulation 
systems play a vital role. With them, the nation’s leading aerospace 
corporations and government agencies test equipment, spacecraft... 
even man himself. In environments with temperatures and pressures 
of outer space, man is learning his new element. 

Many of these systems and chambers have been designed and built 
through the coordinated services of CBaI—the teamed talents of 
research, engineering, fabrication and construction specialists. The 
result: CBal’s big craftsmanship, creating the best in large metal 
plate structures...in any form...for any function...anywhere in the 
free world. 

Dream big! Then call on CBal’s big craftsmanship. Write, phone 
or wire Chicago Bridge & Iron Company, Oak Brook, Illinois. Offices 
and subsidiaries throughout the world. 


Serving leaders in the fields of Nuclear Power, // 
Chemistry, Petroleum, Aerospace, Cryogenics, Hydroelectric 
Power, Saline Water Conversion, Pulp and Paper, 
Municipal and Industrial Water Supply. 


dreams to life... 
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Technical Countdown 


ELECTRONICS 


Laser Sound Waves Damage, Not Beam Itself 


Damage observed in glass, quartz and sapphire after 
exposure to light from a high-powered ruby laser is caused 
by extremely-high-frequency (about 10,000 mc) sound 
waves generated in the materials. Dr. Concetto R. Giuliano 
of Hughes Research Labs told an Optical Society of America 
meeting that sound waves are the probable cause of damage 
to transparent materials subjected to laser beams—not heat, 
shock, radiation pressure or the beam itself. Giuliano says 
that in using today’s high-powered lasers, these high-fre- 
quency sound waves travel in a forward direction through 
the materials, producing damage at the exit face. Tests 
pointed to sound damage as the only factor consistently sup- 
ported by experimental evidence. The discovery may open 
a new area of laboratory research in the field of sound. 


ADVANCED MATERIALS 


Linde Sues Ryan Industries over Insulation 


Union Carbide Corp. has initiated a patent suit against 
Ryan Industries, Inc., Cleveland, for infringements of U.S. 
Patents 3,007,596 and 3,009,601. Both patents cover the 
Linde Div.’s superinsulation. In a complaint filed in the 
Cleveland U.S. District Court, UCC is seeking an injunction 
to prevent future infringement and damages for past actions 
by Ryan Industries. UCC has established a licensing ar- 
rangement for the manufacture and selling of the super- 
insulation under the patents. 


Fluxless Brazing at Avco 


Thin-gauge aluminum structures can be brazed without 
using a flux through a new ceramic matched-die brazing 
tool perfected by Avco’s Aerospace Structures Div., Nash- 
ville, Tenn. The manufacturing process has been used only 
on aluminum and aluminum alloy cold-plate structures, but 
the firm claims it is not limited to this type. In the process, 
a sealed, air-evacuated and inert atmosphere envelope con- 
taining the materials to be brazed is placed between reference 
platens and is not moved until the entire cycle is complete. 
The reference platens are integral heating and cooling areas 
within the ceramic work surface. The elimination of flux 
eliminates the possible corrosion problem encountered when 
brazing flux is not completely removed after a forming cycle. 


Bronze-Plastic-Steel Seals Set Record 


Seal rings of bronze, plastic and stainless steel have 
passed the 6,000-hr. mark in a liquid nitrogen pump with- 
out maintainance in what is believed to be a new perform- 
ance record. The seals are in a Kobe triplex pump at Rocket- 
dyne’s engine test facility in the Santa Susana mountains of 
California. The special rings, designed by the Metal Products 
Div. of Koppers Co., Inc., are still in operation. Most sealing 
rings would be expected to fail after only 1,000 hrs. The 
K30M rings are bronze-filled Tefion backed by stainless 
steel to control tension. The average pressure is 5,000 psi. 
The facility is part of a nitrogen engine pressurizing system. 


NRC Introduces Austrian Molybdenum 


A new form of molybdenum with significant improve- 
ments in high-temperature performance is being marketed 
in the U.S. by National Research Corp., subsidiary of 
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Norton Co. The HT molybdenum retains ductility for 
“appreciable periods” at 3,600°F. In wire form and depend- 
ing on its diameter, the metal form has 30% to 70% greater 
tensile strength than conventional moly. NRC claims the 
new wire permits production of impact-resistant electronic 
tubes for the first time. Wires of the new form have been 
bent through 90 degrees without failure after being exposed 
to 3,450°F for 15 min. Ribbon and wire can be supplied 
annealed or unannealed by the Cambridge, Mass., firm. 
The HT molybdenum is a development of Metallwcrk 
Plansee of Austria. 


Tantalum/Columbium Material Marketed 


Kawecki Chemical Co. is now marketing a set of new 
materials—tantalum and columbium coated with zirconium 
diboride—for high-temperature applications. The coating 
penetrates enough to form an adherent bond without ad- 
versely affecting the properties of either base metal. Initial 
uses are expected to be in steel and aluminum production as 
thermowells. The cost of the new product is about half that 
of zirconium diboride alone. The boride has considerable 
resistance to corrosion by molten metals while the tantalum 
and columbium backing retains strength at high temperatures. 


PROPULSION 
Solid Propellant Simulator Installed at Philco 


An $80,000 rocket motor solid propellant simulator has 
been installed at Philco Research Labs’ El Toro, Calif., 
facility. The simulator will extend the Ford Motor Co. sub- 
sidiary’s ability to analyze, review and develop new propel- 
lant materials and components. The new system is now 
operational up to 5,000 lbs. thrust, and the ultimate 10,000- 
Ib. thrust level will be attained early in 1965. The simulator 
is being used in support of research contracts on restartable 
and film-cooled nozzles. Philco’s Aeronutronic Div. is using 
it for the development of large, hot-gas valves. The device 
reproduces identically the combustion products, composition 
and temperatures of a solid rocket while using liquids, gases 
or slurries. This approach is both economical and versatile 
in switching test parameters. 


SPACE MEDICINE 


He/O, Atmosphere Cleared for Sound 


A study at the Air Force School of Aerospace Medicinc 
into various gases for spacecraft atmospheres shows that 
sound transmission problems in a 50% _ helium/oxygen 
mixture at about 7.5 psi are not as great as previously sup- 
posed. While some modification of the tone was apparent 
to all subjects and observers, speech was reportedly not 
distorted beyond easy, accurate recognition. 


Radiation Defense Succeeds 


Three treatments for protection against radiation show 
“significant” protection against otherwise lethal doses of 
X-rays. All involve the use of AET (aminoethylisothiuronium 
dibromide) and cysteine in a homogeneous mixture. 
Monkeys treated with AET have survived as long as three 
years without gross effects. Others not protected and sub- 
ject to the same exposure died soon after irradiation. The 
work was performed at the Air Force School of Aerospace 
Medicine. 
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international 


ESRO Facility To Buy U.S. Equipment 


Most hardware for new Technology Center will, however, be purchased 
from European firms; programs will require some new tracking stations 


Paris—The European Spacc Re- 
search Organization (ESRO), now 
forming its Space Technology Center 
(ESTEC), a small-scale version in the 
Netherlands of NASA’s Goddard Space 
Flight Center, will buy some equipment 
—as well as some launch vehicles—for 
this facility from U.S. firms. 

“It would be economically and even 
technically foolish for us to do othcr- 
wise,” said a member of the ESRO staff. 

Asked if such a buying policy didn’t 
run against the spirit under which ESRO 
was organized, Prof. Pierre Auger, 
ESRO’s Director-General told MIssILEs 
AND ROCKETS “There is no formal or in- 
formal agreement regarding elimination 
of non-member states from contracts— 
nor will there be, even with respect to 
personnel.” 

One reason given for ESRO’s “open- 
market” policy is the desire of member 
States to get as much space experience 
and data as possible for every franc 
spent. Furthermore, the organization 
will have to pay for Scout launches of 
the relatively small ESRO J and ESRO 
II satellites, and possibly for Thor-Delta 
launches of medium-sized satellites. 

For the large astronomical observa- 
tory that ESRO contemplates putting 
into orbit as part of its eight-year plan 
ending in 1972, an ELDO (European 
Launcher Development Organization) 
launcher may be used. If this doesn’t 
work out, “we may buy an Atlas-Agena 
launch,” said an ESRO spokesman. 

Part of the experience European 
companies expect to get out of ESRO 
is in designing and developing space 
hardware—even though, in some in- 
stances, it may be a little cheaper to buy 
the same hardware in the U.S. This is 
what lies behind Auger’s remark, “We 
will, of course, try to promote European 
industry in this field.”” Nevertheless, Eur- 
opean firms will not be allowed to write 
their own sales tickets, Auger stressed, 
because “the companies will have to be 
competitive with U.S. companies.” 

@ Wherewithal— ESRO was for- 
mally established this past March 20. 
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Before the end of the year, Italy is ex- 
pected to ratify the ESRO agreements, 
already signed by Belgium, Denmark, 
France, the Netherlands, Spain, Sweden, 
Switzerland, the United Kingdom and 
West Germany. 

The financial ceilings set by these 
agreements are well known. They are 
not to exceed $76 million for the first 
three years of activity; $120 million for 
the second three-year period; and a total 
of no more than $300 million for the 
entire eight-year period. 

The bulk of the money will be put 
out to contract and monitored by 
ESTEC. It will have a staff of about 
800, mostly engi- 
neers and_ scien- 
tists. They will 
study and develop 
rocket payloads, 
satellites, probes 
and the related 
technologies. 

@ Chambers— 
“The environmen- 
tal test facility we 
intend building in 
Delft probably will 
be the best in Eu- 
rope,” said Dr. A. 
W. Lines of the 
United Kingdom, 
ESRO’s technical 
director and also 
head of ESTEC. 
This does not mean 
ESTEC will be 
building large en- 
vironmental cham- 
bers such as those 
installed at God- 
dard. “We are not 
sure we need them,” 
said Lines, ‘‘in fact, 
we're not sure what 
answers they give, 
how useful they 
really are.” 

Lines hastened 
to add that God- 
dard was “certainly 
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right” in deciding to build its large 
chambers. “Somebody had to do it to 
find out their usefulness—and I’m glad 
it was NASA because now we don’t 
have to spend the money.” 
Environmental testing of spacecraft 
probably will be centralized at ESTEC 
for all applicable European work. Lines 
sees no reason for building such spe- 
cialized facilities elsewhere, “anymore 
than one would wish a proliferation of 
specialized wind tunnels.” In the near 
future, ESTEC plans to build two rela- 
tively small chambers, each about three 
meters in diameter, chiefly for vacuum 
and solar simulation work. Requests for 
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proposals have already gone out for this 
work and contractors are expected to 
be chosen sometime this fall. 
ESTEC also expects to place a large 
order for rocket-borne telemetry (M/R, 
Oct. 12, p. 9). Meanwhile, ESRO is 
said to be considering placing satellite 
tracking stations at Fairbanks, Alaska, 
the Falkland Islands, Spitzbergen (Nor- 
way) and Belgium. 

® Operations and contracts—When 
a rocket, payload or satellite is settled 
upon, ESTEC will see that the program 
is carried out. As scientists suggest ex- 
periments, the best will be selected by a 
committee of scientists; these experi- 
ments then will be combined into ap- 
propriate payloads. 

All the experiments making up a 
payload for a satellite must contribute 
to a single scientific mission. “This 
surely makes sense,” said an ESRO staff 
member, “because it would be foolish 
to measure, say, the Earth’s radiation 
belts with a satellite also serving as a 
topside sounder.” He explained that it 
would be better to complement the 
tadiation-belt experiments with ones 
sensing solar phenomena, aurorae, and 
particle precipitation. 

Although the syndrome of experi- 
ments is put together by science commit- 
tees, ESTEC sees not only that the satel- 
lite is produced but also that all support- 
ing work is done: on-board power 


supplies designed and installed; tracking 
and telemetry ordered, developed and 
adequate; experiments themselves de- 
signed to fit into the satellite. 

Sensors for the experiments will 
usually be produced by the scientists. 
ESTEC, in turn, will prescribe the 
needed rocket or satellite parameters, 
put the hardware specifications out to 
industry, and help develop the com- 
ponents that don’t exist. “Most of the 
development work, and all production 
work, will be done by industry,” accord- 
ing to ESRO. 

In the strict sense, the actual con- 
tracting authority lies in the Council of 
ESRO nations, particularly in its Fi- 
nance Committee. A simple majority of 
the Committee, or Council, approves 
the contracts. In practice, ESTEC rec- 
ommendations are expected to prevail. 

@ ESRO II first—ESRO 1 and Il 
are occupying most of ESTEC’s atten- 
tion. Bids are now coming in for ESRO 
1], and within about six months requests 
for proposals for ESRO I will be going 
out. Both ESRO’s will be launched by 
NASA, probably by the end of 1966 or 
early in 1967, from the Pacific Missile 
Range. 

The reason ESRO II is scheduled to 
be launched first is its payload can be 
developed faster than that of ESRO I. 
To avoid confusion, ESRO experiment- 
ers say they will soon change the names 
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of their satellites accordingly. 

RFP’s for ESRO I are based on in- 
dividual preliminary design studies of 
the satellite made by SAAB in Sweden 
and the Center of Space Research 
(CRA) in Italy. Although it is difficult 
to tell before the bids are in what the 
worth of the ESRO [ contract will be, 
an ESRO official said it would fall be- 
tween the wide limits of $1 million and 
$10 million. Several satellites will be 
called for: one for mockup and place- 
ment of equipment, and others for elee- 
trical and environmental checkout, flight 
and backup. 

@ More tracking needed—ESTEC 
is going to have to expand the tracking 
and telemetry facilities that the French 
Space Agency (CNES) will be furnish- 
ing to ESRO through a rental arrange- 
ment. At least four more stations will 
be needed for adequate coverage, chiefly 
because the ESRO satellites will be in 
near-polar orbits while the CNES sta- 
tions are designed to cover near-equa- 
torial orbits. 

A final decision on where the sta- 
tions are to go is expected very soon 
because the entire network will have 
to be operational by the time the satel- 
lites are launched. 

The temporary accommodation for 
ESTEC is at Delft Technical University. 
The Center will soon erect its own build- 
ings, probably in the Delft area, al- 
though this is not completely certain. A 
decision is expected by the end of the 
month. 

@ Other installations—ESRO has 
several other operating or soon-to-be-op- 
erating facilities, but none with the con- 
tracting responsibility of ESTEC. In the 
works are: 

—A small laboratory (ESLAB) to 
be established in the vicinity of ESTEC, 
where scientists from member states will 
be given the opportunity to work as fel- 
lows for a limited time on certain space 
projects. 

—A Data Center (ESDAC) to be 
established at Darmstadt, Federal Re- 
public of Germany. Its staff of scientists 
and engineers will be concerned with 
the problems connected with data proc- 
essing and analysis, and with fundamen- 
tal questions associated with orbit pre- 
diction and analysis. 

—A Research Institute (ESRIN) 
planned to be established in Italy, de- 
voted to advanced research, particularly 
concerning physical or chemical phe- 
nomena, oceurring in space. 

—A launching range for sounding 
rockets (ESRANGE) to be established 
in the vicinity of Kiruna, Sweden. The 
location in Lapland, approximately 100 
kilometers north of the Arctic circle, 
has the advantage of a high geographical 
and a high geomagnetic latitude, making 
it particularly suitable for certain geo- 
physical studies. B 
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space medicine 


Project Forecast Recommendations 
Reshaping AF Bioastronautics Effort 


THE AIR FORCBP’S bioastronautics 
work on _ closed-cycle atmospheric 
validation has been speeded up and its 
extravehicular protection program con- 
siderably reoriented as a result of rec- 
ommendations from Project Forecast. 

Lt. Col. Stanley C. White, USAF 
(MC) indicated that the entire Air 
Force bioastronautics effort is being re- 
shaped in accordance with recommenda- 
tions made by the technical panel 
charged with setting objectives for the 
next 10 years of Air Force research and 
development. 

Some of the changes particularly 
significant to industry are: 

—A speed-up of studies on two-gas 
atmospheric systems for spacecraft. 

—A major reorientation of the Aero- 
space Medical Division’s (AMD) pro- 
gram for extravehicular capability, to 
satisfy the development of suits with 
thermal and pressure protection with 
good mobility and with propulsion de- 
vices. 

—A considerable reorientation to 
“further strengthen” in-house AMD ef- 
forts in the area of water, food and 
waste management. 

The Air Force Aerospace Medical 
Division, the division of the Air Force 
Systems Command responsible for the 
Air Force bioastronautics and space 
medical work, has aligned its structure 
to meet the objectives, White told a 
group meeting recently at AMD head- 
quarters at Brooks AFB, Texas. 

@ Biologistics—Besides the increased 
emphasis on study of two-gas systems, 
more work is being done on the identi- 
fication and effects of contaminants. 

In the extravehicular category, in ad- 
dition to a reorientation in development 
of suits, effort is being directed to tether- 
ing techniques. 

In the general area of life-support 
systems, the Air Force has integrated 
its efforts with NASA, and is concen- 
trating on those areas for which it has 
a sole need, White pointed out. This in- 
cludes systems for the long-endurance 
aircraft, which was a specific develop- 
ment objective listed in Project Forecast. 
While NASA has given adequate devel- 
opment to two- and three-man 14-day 
space missions, White said, the Air 
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Force has directed its research to those 
crew sizes and mission durations defined 
in Forecast. 

Additional efforts, he said, will be 
made in systems for water recovery 
from urine. White said that since NASA 
has done so much of the technology for 
food requirements for Gemini and 
Apollo, the Air Force can thus concen- 
trate on longer mission requirements, 
for long-endurance aircraft and the 
longer space missions. 

@ Biomechanics—White said that 
Forecast did not list specific new ideas 
for R&D in this area, but recommended 
continuation of present AMD programs. 
In this line, he said, development of 
criteria and protection against multiple 
stresses in escape systems will be em- 
phasized in the sustained acceleration 
studies. 

Emphasis has also been given to 
effects of large-amplitude simultaneous 
excursions in rotational as well as trans- 
lational forces. This is directed at the 
requirements of low-level, high-speed 
aircraft and counter-insurgency (COIN) 
operation such as in aerial delivery and 
pickup of personnel. 

Techniques have been refined in the 
area of noise problems. It was deter- 
mined that most of these could be 
solved. This includes increased work 
in effects of infrasound—high-intensity 
low-frequency pressure pulses—such as 
those produced by large boosters. 

@ Neurophysics—At the time of the 
Forecast study, the bionics program be- 
ing conducted at Wright-Patterson AFB 
laboratories was the only Air Force ef- 
fort in neurophysics. However, a “sub- 
stantial” program was suggested and 
White said that careful study is being 
made to develop plans. 

® Bio-effects of photo-thermal en- 
ergy—AMD has initiated a program to 
investigate the biological effects of lasers 
and masers, including both intentional 
uses and accidental exposures. Increased 
emphasis is being given to eye protection 
against flashblindness from weapons, 
and for space situations, since no satis- 
factory protective device has been de- 
veloped. 


®@ Bionucleonics—A program to de- 
termine the neutron effects of low-yield 
weapons has been initiated, and more 
work is being done to obtain tolerance 
data to prepare for “the probability of 
nuclear propulsion for long-endurance 
aircraft.” 

Work is being continued on pro- 
phylaxis and therapy, and the develop- 
ment of time-release capsules for drugs 
that may be radioprotective. In this area, 
“applicability for use in manned space- 
flight has been emphasized,” according 
to White... 

The AMD animal colony research 
will continue, with emphasis on the nu- 
clear propulsion effects. Proton studies 
have been increased, and accelerators 
are now being used to determine effects 
of solar flares. 

@ Aerospace medicine—AMD has 
already contracted with Aerojet-General 
Corp. to increase its in-house capability 
for studying the toxicology of propel- 
lants and other materials, a field empha- 
sized by Forecast. The division has also 
initiated a program using a cytological 
approach to toxic effects, a suggestion 
from the study. 

Other fields in aerospace medicine 
being enhanced as a result of Forecast 
are a program of epidemiology for 
limited war and COIN situations, and 
self care for both limited war/COIN 
and for space emergencies. 

White said that internal realignment 
has taken place in the Aerospace Medi- 
cal Division to meet the challenges of 
the Forecast study. For practical man- 
agement, however, research is docu- 
mented in six technical areas of life sup- 
port, aerospace medicine, radiobiology, 
human performance, basic biological 
sciences and bioastronautics and systems 
support. 

The first five areas are self explana- 
tory. White said that bioastronautics and 
systems support has been established to 
perform technical liaison between ele- 
ments of AMD and other agencies. The 
assignment of a group headed by Dr. 
Andres Karstens to the systems program 
office for the Air Force Manned Orbit- 
ing Laboratory (MOL) is an example 
of this relationship. | 
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J _ FROM LOCKHEED’S TALENTED WEAPONS TEAM: | 


A “building block” tactical missile 


Here’s a challenging new idea from one of America’s foremost missile teams: a modular 
missile that would permit, from land or sea, swift response to any tactical situation. It could 
be assembled quickly at the scene of action to hurl a wide variety of payloads at targets 
from one to fifty miles away. It would speed up training, increase effective firepower, improve 
accuracy, and simplify logistics. " The company which designed and built the U.S. Navy’s 
Polaris missile now is seeking solutions to many of the new problems that confront the 
Armed Forces in a fast-changing world. Here in one compact organization is the talent to 
define a problem, find the best solution, ‘and turn concept into hardware—in minimum 
time, at maximum cost-effectiveness. = Lockheed Missiles & Space Company, Sunnyvale, 
California: A oo Division of Lockheed Aircraft. Coperation:: Lockh ee d 


Start with the base unit. ..add one or more propellaat segments 
and. erie warhead... to. meet any tactical situation. 


space electronics 


AF Starts Tests of Its 


‘Most Perfect’ Antenna 


Newly dedicated Haystack X-band system is major advance 
in high-power microwave radars, will perform many roles 


TyNGsBoro, Mass.—The Air Force 
has begun performance tests of a huge 
$15-million facility described as “the 
most prefect X-band antenna of large 
size in the world.” 

The Haystack Microwave Research 
Facility (M/R, March 23, p. 26) will 
be able as a radar to skin-track an un- 
augmented tl-sq.-meter target out to 
ranges of 16,000 mi. Even more im- 
portant, it will be able to see a target 
with three orders of magnitude less 
cross-section at 2,000 mi. 

Basically, the system, dedicated herc 
on Oct. 8, is a multi-purpose research 
facility comprising a 120-ft. steerable 
antenna and transmit and receive sub- 
systems—for use in radiometry, space 
communications, radar and_satellitc 
identification and analysis. It is expected 
to provide one of the greatest advances 
ever attained in high-power microwave 
radars. 

Operating basically at 10 Gc, the 
system will yield a half-power beam- 
width of 0.05 deg, a maximum pointing 
error on the order of + 0.005 deg, a 
theoretical gain of about 67-68 db, and 
an initial overall systems temperaturc 
of 70-80°K. The latter figure is expectcd 
to drop to about 30°K with installation 
of a new cryogenic maser amplifier 
now under development at the AF’s 
Lincoln Laboratories. The initial system 
will use a cooled parametric amplificr. 

The dish also is expectcd to be used 
for radio astronomy work at frequencies 
as high as 35 Ge into the millimeter 
regions with even sharper beamwidths. 
Scientists at Lincoln Labs believe that 
components now used in the smaller- 
millimeter system at the Labs could be 
adapted to Haystack. 

@ Changeover—Haystack is con- 
verted from a radiometry role to an ac- 
tive radar or communications system by 
means of plug-in transmittcr boxes 
which can be interchanged in place be- 
hind the dish, thus reducing waveguide 
requirements and rotary joints. 

Two basic boxes have been devel- 
oped. Wide-band radio receivers operat- 
ing at 5, 8 and 15.5 Ge have already 
been installed in the radiometry box. 
Others operating at 35 Gc, 1420 mc and 
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1670 me will be added. The radiometer 
box is already installed and operating 
in the Haystack structure. 

The radar/communications box will 
be a CW X-band system with 100-kw 
output. Haystack is also spurring de- 
velopment of even higher-powered CW 
and pulsed transmitter tubes, particu- 
larly by Varian Associates and Eitel- 
McCullough, Inc. The radar box is ex- 
pected to be hoisted into place in about 
a month. 

@ Check on Westford—In addition 
to its other roles, Haystack will add to 
the AF evaluation of its Westford orbit- 
ing dipole belt. Whilc the service is con- 
vinced that this conccpt works, it wants 
more data on pattern and dissipation 
characteristics. Westford has “thinned 
out substantially” since it was launched 
about a year and a half ago, one scien- 
tist told M/R, but “‘is still adequate for 
narrow-band communications.” He said 
the belt “is petering out according to 
plan.” 

Gen. Bernard A. Shriever, com- 
mander of Air Forcc Systems Com- 
mand, who dedicated the facility, told a 
press confcrence that the Air Force has 
not asked for an operational Westford 
belt. 

® Special praise—At the dedication 
Schriever singled out North Amcrican 
Aviation, Inc., which built the massive 
antenna system to a maximum surface 
deviation of + 0.075 in., and the H. I. 
Thompson Fiber Glass Co., which ef- 
fected major innovations in the space- 
frame radome that encloses the Hay- 
stack radar, for special praise among 
the many contractors associated with 
the Massachusetts Institute of Technol- 
ogy/AF Electronic Systems Div. proj- 
ect. 

A sidelight of the Haystack devel- 
opment is in the computer programs de- 
veloped to accomplish a very complex 
stress analysis of the high frame. The 
program developed by IBM for such 
problems was first applied to Haystack 
on a large systems scale. It is now be- 
lieved that IBM will announce shortly 
the availability of FRAN (Frame Ana- 
lysis) as a new and commercially avail- 
able program for similar projects. 5 


Two-man space cabin simulator 


G-E resources assure 
future flight success: 
define mission, optimize 
pilot performance 


To assure MOL every chance to 
prove the real potential of man’s 
active role in space, General Electric 
scientists turn to an unmatched 
complex of laboratories and space 
simulation resources at Valley Forge 
Space Technology Center. They first 
define—then 
prove to the ex- 
tent possible 
without extend- 
ed weightless- 
ness—what man 
can do in a 
spacecraft en- 
vironment. Indi- 
= ~~ vidual mainte- 
Spaceworker™ nance and con- 
trol tasks are analyzed in the five- 
degree - freedom Spaceworker — the 
frictionless equivalent of a zero-G en- 
vironment. Rendezvous, docking, con- 
trol and life support functions are 
tested in equally realistic simulators. 
Specific experimental results have 
been fed into a high-fidelity system- 
level simulator where two men per- 
formed entire space flights from 
launch to touchdown. 


Such thorough simulation helps 
maximize man’s contribution in the 
demanding conditions of orbit. It 
assures task re- 
quirements 
within man's ca- 
pability. And 
once real flight 
data are availa- 
ble, simulation 
performance 
can be correlat- 
ed with actual 
results to ex- 
tend the range of realistic earth- 
bound testing. 

For more information on how G-E 
capabilities, resources and experi- 
ence can be—and are being—applied 
to the problems of manned space 
flight, write Mgr. Manned Orbital 
Laboratory Operation, Valley Forge 
Space Technology Center, General 
Electric Co., Philadelphia, Pa. 162-02 
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Docking Simulator 


space payload to space pilot 
G-E MOL study advances 
man’s evolving space role 
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Need to seal lube in? And block dirt out? 


How positive? 


Very positive. The overall reliability of every 
Floating Duo-Cone Seal Caterpillar has manufac- 
tured since introduction in 1959 shows that 99.998% 
completed their normal life without failure. Only 
two out of every 100,000 seals have failed. 


For any and all reasons! 


These unique seals—developed and patented by 
Caterpillar—prevent leaks, protect bearings, shafts 
and gears in final drives, transmissions and military 
road wheels as well as oil disc brakes and hydraulic 
swivels... all without maintenance. 


Tested by a billion hours of machine use (and 
that’s a conservative estimate), these seals assure 


THIS BROCHURE 

describes the full range of 
Caterpillar's manufacturing capabilities 
and production facilities. 


careernnan 


| Here’s a positive answer—from Caterpillar 


certain lubrication for 10 to 40 thousand working 
hours, dependent on application and environment. 


More resistant to wear than the hardest file steel, 
Caterpillar’s alloy seals are rust and corrosion proof. 
Extreme weather or temperature changes don’t 
bother them. They've worked perfectly for years in 
the bitter cold of the Antarctic. 


And even with all of this built-in quality, we’ve 
learned how to manufacture them at a price com- 
parable to ordinary heavy-duty seals! 


The sizes we are manufacturing currently range 
from 22” |.D. to 17” 1.D. 


Seal problems? Take them to the people in 
Caterpillar’s Defense Products Department. 


Send for a copy today. 
Department 505, Industrial Division, 
Caterpillar Tractor Co., Peoria, Illinois 61611 


CATERPILLAR 


Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co. 


Caterpillar Tractor Co., General Offices, Peoria, Illinois + Caterpillar Americas Co., Peoria, illinois « 
Paulo « Caterpillar Tractor Co. Ltd., Glasgow « Caterpillar of Canada Ltd., Toronto ~ 


Caterpillar Overseas S.A. Geneva + 
Caterpillar France S. A., Grenoble 


Caterpillar of Australia Pty, Ltd, Melbourne + Caterpillar Brasil S. A., $30 
+ Caterpillar (Africa) (Pty.) Ltd., Johannesburg » Caterpillar Mexicana S. A., de C. V, Monterrey 
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THIS SINGLE 26-lb. all-thin-film-circuit digital coniputer (left) 
was built for the Navy’s Bureau of Weapons to prove the appli- 
cability of automated thin-film production to flight subsystems. 


space electronics 


Although employing advanced design, IBM concurrently began 
development of a more advanced [5-lb. computer (mockup at 
right) using improved thin-film circuit design. 


Sophisticated Thin-Film Computer 
Holds Aerospace System Potential 


OweEco, N.Y.—A state-of-the-art, 
thin-film, digital computer for possible 
use in advanced aerospace systems is 
nearing final development at IBM’s 
Space Guidance Center here. 

Weighing 15 pounds and occupying 
about 0.2 cu. ft., the experimental sys- 
tem will require only 30 watts total 
power in operation. 

A developmental outgrowth of a 26- 
lb. digital computer built by IBM’s Fed- 
eral Systems Division for NAFI, the 
Naval Avionics Facility in Indianapolis, 
Ind., the new highly advanced thin-film 
computer is due for completion by mid- 
February, 1965. 

Providing a 1,920-word memory 
(26 bits each plus parity), the system 
will employ a random-access core 
memory. Dual-aperture ferrite core con- 
struction permits non-destruct readout. 

Upon completion and test of the 
tiny prototype computer, engineers at 
the Space Guidance Center expect to 
build a second system of similar design, 
using semiconductor integrated  cir- 
cuits. The two systems will then under- 
go extensive bench testing during the 
following year to provide a comparison 
of the two fabrication techniques. 

@ Shrike-type computer—The ear- 
lier system was designed for NAFI as 
a Shrike-type missile and bomb-delivery 
guidance computer. 
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By Charles D. LaFond 


Not necessarily intended for early use 
with the anti-radiation missile system, 
the computer, designated Mk9Mod3, 
was developed to prove out the pro- 
duction capability of a semi-automatic 
thin-film production system developed 
by IBM in 1962 for NAFI. It will, 
however, be tested by NAFI to com- 
pare performance with the four-times- 
larger Mk9Mod1 Shrike analog com- 
puter developed by Navy Ordnance 
Test Station, China Lake, Calif. 

The recently delivered NAFI com- 
puter was developed under a $650,000 
contract awarded to IBM in June, 1962. 
Only one system was ordered and built. 
(Funds were limited at that time, ac- 
cording to the Navy, which stressed 
that it primarily wanted to test the 
production capability of its thin-film 
vacuum deposition production system 
in a practical application.) 

The NAFI computer measures 11.5 
x 10.4 x 3.4 in., occupying about 0.25 
cu. ft. of space and weighing 25.75 lbs. 
Total power consumption is 102 watts. 

A general-purpose computer, it car- 
ries an 1,184-word (18 bits each) per- 
manent ferrite-core memory and is 
capable of processing 25,000 instruc- 
tions per second. Eighty thin-film active 
circuit panels (containing up to 32 cir- 
cuits each) perform all the arithmetic, 
logic and memory drive functions. The 


system employs a binary, parallel, single 
address computer mode. 

Principal subsystem elements of the 
computer include a 10-bit analog-to- 
digital converter, ferrite-core memory, 
sense amplifier, and prime power sup- 
ply. 

Basic oscillator speed is 1.81 mc and 
memory cycle time is 8.8 usec. Average 
computation cycle times, said IBM, are 
as follows: 

—Initial program loop (33.5 msec.) 

—Pull-up program loop (20.7 
msec. ) 

—Final program loop (260 nsec.) 

The basic NAFI computer thin-film 
circuit is a transistor-resistor NOR logic 
element. Logical functions are obtained 
from the standard circuits by varying 
logic interconnections between circuits 
and active elements. 

® NAFI to test—The S/rike-type 
computer has been delivered to NAFI, 
and upon successful completion of 
bench testing at the Indianapolis fa- 
cility, the system will undergo extensive 
simulation tests and eventually some 
flight tests. 

IBM testing of the Mk9Mod3 has 
been minimal. Thin-film circuit panels 
have been given moderate environmen- 
tal testing. No tests at Owego have been 
carried to destruction. 

(Continued on p. 35) 
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|The day we “rocked the boat” 


Things were running quite smoothly 
as they were. CEC’s top oscillograph 
was far superior to anything seen 
before; and our customers were quick 
to recognize it. 


But our engineers weren't satisfied. 
They now wanted to create an instru- 
ment that would eliminate all delay 
between start and restart. 


Was it possible? No one knew. Conse- 
quently, CEC assigned an “engineering 
task force” to find out. 


Eighteen months later, CEC unveiled 
the world’s most advanced recording 
oscillograph—the 5-133. By means of a 
static magnetic lamp power supply, this 
instrument could provide a start/restart 
time of less than a second, regardless 
of input voltage variations. 


But while engineering was seeking 
this primary objective, they also added 
a host of other improvements. These 
included...far greater reliability and 
simplicity of operation; a significant 
increase in optical efficiency; dust-free 
optical modules through air filtering 
and pressurization; millisecond timing 
lines; and a streamlined case for panel 
rack mounting. 


It was clear that oscillography had a 
new champion. The story of the 5-133 
is one more important reason why CEC 
has become the leader in the develop- 
ment of all phases of data recording. 


And it also explains why CEC main- 
tains a network of 22 sales and service 
offices throughout the nation. To expe- 
dite. To train. To constantly strive to 
improve the existing state-of-the-art. 
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CONSOLIDATED ELECTRODYNAMICS 
A SUBSIDIARY OF BELL & HOWELL/PASADENA, CALIF, 91109 
INTERNATIONAL SUBSIDIARIES: WOKING, SURREY, ENGLAND 

AND FRANKFURT/MAIN, GERMANY 


Do you have 
this chart? 


This 21” x 27” CEC wall chart is a 
“must” for every engineer con- 
cerned with the analysis of static, 
cyclic or transient phenomena — 
from event to readout. 


Every instrument in the four cate- 
gories shown below is described 
in detail, including specifications. 
There are cross-reference tables to 
aid in selecting instrumentation, 
and information on the combined 
use of the various instruments to 
meet specific needs. And, in addi- 
tion, you will find the finest support 
equipment for dynamic measuring 
and recording in industrial and 
military applications. 


Sensors and Pickups 

_ Chart shows the 

== eid 143 available for 
“Stet pressure, vibra- 

tion, acceleration. 


Signal Conditioners 


Chart shows 11 
basic types and — 
where they may a 


be required. 


Magnetic Tape 

Chart shows 8 
analog and digital 
recorder/repro- 
ducers with sup- 
port equipment. 


Direct Readout 
Chart shows 5 
recording oscillo- 
graphs, 33 gal- § 
vanometers and 
where they can be 
used. Also support 
equipment. 


Write today for your courtesy copy. 
Ask for CEC Chart DM-37-X48. — 


CEC 


CONSOLIDATED ELECTRODYNAMICS 


A SUBSIDIARY OF BELL & HOWELL/PASADENA, CALIF, 91109 
INTERNATIONAL SUBSIDIARIES: WOKING, SURREY, ENGLAND 
AND FRANKFURT/MAIN, GERMANY 
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NAFI COMPUTER iliin-film circuit panel comprised of 32 circuits is shown at left. A 
24-circuit thin-film panel (right), now under development by IBM, is one-fourth the size 
of the 32-circuit panel through use of a simplified interconnection pattern and a great 
increase in film-pattern density. 


NAFI will simulate aircraft opera- 
tional inputs and bomb-delivery con- 
stants, rather than Shrike equations, to 
exercise the computer. This will be the 
first implementation by the Navy of 
such formulas for digital computation. 
Inputs will be generated by an analog 
computer. 

NOTS, China Lake, reportedly, will 
flight-test the system eventually by pod- 
mounting the device beneath an F4D 
aircraft. 

® Panel-size reduction—The basic 
component in both IBM computers is 
the passive thin-film circuit panel with 
patched-on active elements. 

The Shrike-type system uses 80 pan- 
els including 29 different types. Each 
panel contains 32 circuits and up to 160 
discrete parts on each panel plus inter- 
connections. This is a parts density 


. equivalent to 125,000 per cu. ft. 


Two panels are prepared at a time 
in IBM’s production system on one 
0.016 x 2.5 x 4.0-in. substrate. 

However, for the new computer sys- 
tem, each panel contains 24 circuits, 
and 16 panels are produced on a sub- 
strate measuring 0.016 x 3.75 x 5.187 
in. Finished panels including connectors 
measure only 2346 x 1% in., or about 
one-fourth the size of Shrike-computer 
panels. 

® Automated deposition—Develop- 
ment of both computers goes back to 
a Navy desire in 1961 to develop a 
semi-automated thin-film deposition 
production system and the need to es- 
tablish such an industrial capability. 

In July, 1961, NAFI (through the 
Navy Bureau of Weapons) awarded 
IBM a $530,000 contract to build the 
needed automated vacuum deposition 
line. The system was delivered to NAFI 
in August, 1962. 

Later, IBM built a second system, 
now located at its Owego facility, for 
its own use. 

The original NAFI requirements 
stipulated that either IBM market its 
system or select and assist another 
manufacturer in setting up the capabil- 


ity to produce the system. Consolidated 
Vacuum Corp. agreed to build and mar- 
ket the equipment on a custom basis. 

Essentially the system is an in-line 
four-chamber vacuum deposition unit. 
Magazine-fed, it holds 24 substrates. 

All passive components, insulation, 
and interconnection paths are applied to 
the glass substrates by vacuum deposi- 
tion. Two runs through the four cham- 
bers are required to complete the pas- 
sive circuit structures, employing up to 
eight successive film depositions, Tran- 
sistor chips are soldered on later to 
complete the network. 

Resistors are valued and later 
trimmed to within 2% of design value. 

Three basic materials are used in 
the deposition process—silicon monox- 
ide (SiO), chromium (Cr), and copper 
(Cu). Film thicknesses range as re- 
quired from 300-30,000 Angstroms. 

The deposition sequence for each 
chamber on each run is as follows: 

First pass: (1) SiO, total substrate 
undercoating for uniformity; (2) Cr- 
SiO, mask and resistor deposition, 
widths carefully controlled; (3) SiO, 
mask and resistor overcoat, heavy re- 
sistor ends exposed for length control; 
(4) Cr-Cu, mask, overcoat, photo-etch 
Cr, then electrically etch Cu. 

The first electrical tests and meas- 
urements are then performed and re- 
sistances modified (by reducing values) 
during an annealing process at 400°C. 
Resistors are stabilized within + 8% 

Second pass: (1) SiO, insulation at 
all crossovers for interconnections; (2) 
Omit; (3) SiO, mask, staggered insula- 
tion to round off for jumpers; (4) Cr- 
Cu, crossover jumpers applied. 

Semiconductor chips are then con- 
nected by solder reflow. Connectors are 
installed. Test, electrical trim of resis- 
tors and final test and measurements are 
made, completing the panels. 

Current yield figures have not been 
released by IBM or the Navy. However, 
an overall yield of 16.5% was declared 
typical by one IBM spokesman for the 
system a year ago. a 
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Exceptional opportunities for 
Engineers qualified in: 


HIGH POWER 


PHASED ARRAY 
RADAR 


for Ground, Transportable 
and Shipboard Systems 
at 


HUGHES-FULLERTON R & D 


in Southern California 


Immediate assignments in R & D 
programs for Air Defense and Air 
Weapons Control Systems are now 
available in: 


TRANSMITTER DESIGN 


High power phased array radar trans- 
mitter design engineers with B.S. de- 
gree in E.E. or Physics and 3-5 years’ 
experience in one or more of the 
following areas: 
* Transmitter subsystem design analysis 
© Applicatian af micrawave tubes far high 
pawer amplifiers 
¢ Pulse madulatars 
* Salid state circuits far pulse switching 


RECEIVERS, SIGNAL 
PROCESSING & CONTROLS 


Requires B.S. degree in E.E, or Physics 
and a minimum of 3 years’ experience 
related to one or more of the following 
areas: 
¢ Salid state circuit design af advanced re- 
ceivers and ather signal pracessing equip- 
ment 
® System and circuit design experience in the 
ECM/ECCM field 
Digital circuit and lagic design related ta 
digital radar displays ar radar videa prac- 
essing 


ANTENNA DESIGN 

Requires B.S. or M.S. degree in E.E. 
or Physics and i-2 years’ related ex- 
perience in: 


¢ Optical antenna design 
¢ Phased array radar antenna design 
¢ Frequency scan techniques 


RADAR SYSTEMS ENGINEERING 


Advanced degree is preferred in E.E. 
or Physics with a minimum of 5 years’ 
experience in analysis of advanced 
radar systems, signal detection and 
processing. Familiarity with problem 
solving by computer is desired. Assign- 
ments involve the following: 

¢ Analyzing perfarmance requirements; estab- 
lishing and evaluating canfiguratians af ad- 
vanced multifunctian, electranically scanned 
radars 

Develaping functianal requirements af ad- 
vanced radar subsystems, including ECCM, 
clutter rejectian, beam steering cantral and 
videa pracessing 

Preparing prapasals and technical presen- 
tatians 


U.S. CITIZENSHIP IS REQUIRED 


For immediate consideration and to 
arrange for an interview appointment, 
please forward confidential resume to: 


Mr. HaroLtp HorsLeY 
Professional Staffing 


HUGHES AIRCRAFT COMPANY 
FULLERTON R&D 
P.O. Bax 3310B, Fullertan, Calif. 92634 


An equal appartunity emplayer. 
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Gauging Trails Vacuum 
Chamber Capabilities 


by John F. Judge 


THE TASK OF accurately and real- 
istically determining the pressure in an 
ultra-high-vacuum chamber is now al- 
most as much of a development pro- 
gram as the crcation of the vacuum it- 
self. 

Scientists at the National Research 
Corp. are developing an approach to 
reliable pressure measurements based on 
advanced gauges and using extrapola- 
tions from a calibrated flow technique. 

The drive for more realistic space 
simulation ability in various programs 
has resulted in the development of effi- 
cient vacuum systems with the current 
ultimate being the XHV (Extreme High 
Vacuum) System now being marketed 
by the Norton Co. subsidiary. 

The system, developed by NRC 
more than two years ago, routinely pro- 
duces pressures lower than the present 
limit of gauge technology. NRC re- 
searchers say it is theoretically possible 
that pressures much lower than 10™ torr 
have been produced. 

Ultra-high vacuums are being used 
to probe the unpredictable effects of 
low- and no-pressure environments on 
the materials, electronics and other com- 
ponents of space 
systems. 

The space en- 
vironment simu- 
lated in the NRC 
XHV chamber is 
so free of gases that 
a molecule would 
travel an average of 
30 million miles 
before colliding 
with another mole- 
cule. 

The system is 7 
ft. long and 3 ft. in 
diameter, with a 
working region 
about half this size. 
The design princi- 
ple can be used to 
construct larger fa- 
cilities operating in 
this pressure range. 

A combination 
of baking and cryo- 
genic techniques 
keeps outgassing 


from the chamber walls to a minimum. 
The pumping system uses NRC oil dif- 
fusion pumps with cold caps and liquid- 
nitrogen-cooled baffles to eliminate 
back-streaming. 

Additional pumping capacity is pro- 
vided by keeping surfaces in the cham- 
ber at cryogenic temperatures—making 
it possible to condense gases given off 
by materials and devices being tested. 

The first production XHV system 
has been installed at NASA’s Manned 
Spacecraft Center in Houston, by NRC 
Equipment Corp. 

@ Measurement limit passed—No 
presently available commercial ultra- 
high-vacuum gauges give dependable 
readings below 10° torr. At this pres- 
sure, the gauges are being employed to 
the limits of their capability. 

Recently, NRC researchers devel- 
oped and tested a calibrated flow tech- 
nique for cross-checking the gauge meas- 
urements. In addition, more reliable esti- 
mates of the pressures present in the 
XHV system beyond the gauge limits 
have been obtained. The gauges used 
were a standard NRC Readhead gauge 


NRC-XHV prototype is being used by researchers to probe both 
vacuum effects on components and the problems of accurate 
measurement of pressures below 10-* tarr range. This system is 
known to far exceed the ability of available vacuum gauges. 
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and a specially-designed inverted mag- 
netron. Both gauges were also used to 
obtain reliable measurements down to 
| about 3 x 10 while purposely admit- 
ting helium to the system. 

The pressures beyond this range were 
estimated by NRC experts on the basis 
of the known pressure drop associated 
with the flow of helium through a capil- 

lary. The helium was admitted to the 
XHV system through an accurately di- 
mensioned capillary from a separate 
vacuum system, which operated at pres- 
sures down to 10° torr with a contin- 
uous helium throughput. Measurements 
of the pressure ratio showed that pres- 
sures in the extreme high vacuum por- 
tion of the chamber were directly pro- 
portional to the pressure at the inlet side. 
From measured values of the inlet pres- 
sure, the pressure in the XHV chamber 
was estimated to be 8 x 10™ torr (nitro- 
gen) at the cut-off point of the helium 
flow. 

Theoretically, it is probable that the 
pressure reached in the XHV system is 
considerably below the indicated 8 x 
10“ torr range when no gas is purposely 
admitted to the system. 

In the present work at NRC, the 
experimental chamber of the XHV was 
maintained at 10°K. At this tempera- 
ture the equilibrium vapor pressure of 
nitrogen is approximately 10~* torr. The 
vapor pressures of all other compounds 
and elements except hydrogen, helium, 
and neon are lower than 10 torr at 
10°K. 

Consequently, if hydrogen, helium, 
and neon are excluded from the system, 
pressures of less than 10 should be 
attainable without diffusion pumping. 
In correctly designed systems phenom- 
ena such as cryosorption and cryotrap- 
ping can be used to increase the effec- 
tiveness of the diffusion pumps. Hence, 
it is possible to maintain pressures con- 
siderably below the equilibrium values 
of the vapor pressures of the component 
gases in the system. 

The cross-checking of gauge per- 
formance with the calibrated pressure 
ratio technique was begun at pressures 
of about 10° torr. The pressure ratio 
between the inlet system and the XHV 
chamber was measured experimentally 
with two similarly structured Bayard- 
Alpert gauges. The ratio measured was 
independent of the pressure level and 
in agreement with theoretical values. 

Even when the XHV system is op- 
erating at immeasurably low pressures, 
the magnetron type gauges used con- 
tinue to operate—although with exceed- 
ingly small ion currents. This is con- 
firmed by measuring the rate of gauge 
response when very small pulses of gas 
are admitted to the XHV chamber. The 
gauge response is limited by the rate of 
gas addition. If the gauges were not 
Operating, measurable intervals would 
elapse before the gauges restarted. 
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YOU PROBABLY KNOW 
3 FUNCTIONS FOR HONEYCOMB 


... THERE ARE 15 


Honeycomb is best known for its 
outstanding performance in high 
strength/lightweight sandwich struc- 
tures. Because honeycomb crushes 
uniformly it also finds wide use as 
a high efficiency energy absorber. 
Additionally, metal honeycomb pro- 
vides the unusual combination of RF 
shielding and very low air resistance, 
low turbulence ventilation. 


Yet the above examples demonstrate 
only a portion of the design benefits 
available from honeycomb. 


Let’s consider the basics of honey- 
comb in order to categorize the func- 
tions for which it can be useful. First 
let's define honeycomb and review its 
geometric characteristics. From this, 
then, we can consider the functions 
of honeycomb and the materials 
available to best meet the application. 


DEFINITION: 


Honeycomb is a continuum of uni- 
form two dimensional geometry 
which can extend infinitely in the 
third dimension. 


GEOMETRIC CHARACTERISTICS: 


1. It has stabilized hexagonal, col- 
umnar cells. 


2. It is a composite of parallel, uni- 
form cells sharing common walls. 


3. It has high surface area to volume. 


4. It has high free area to volume. 


FUNCTIONS: 


The characteristics of honeycomb 
suggest that it can be the answer to 
many problems arising with any of 
the following functions. (We have 
listed only those functions which 
apply most directly to the aerospace 
industry.) 

= Structural High Strength 

= Structural Low Weight 


® Uniform Crush 


"™ Filtering (including 
radio waves) 

™ Insulation 

= Light Control (diffusion 
and collimation) 

=" Fluid Control (direction 
and turbulence) 


™ Storage and Encapsulation 
= Surface Reaction 

= Heat Exchange 

= Separation 

= Metering or Counting > 
= Cushioning 

= Conduction 

= Vibration Damping 


MATERIALS: 


Because it is possible for Hexcel to 
produce honeycomb from nearly any 
material available in foil or web form, 
you can combine the characteristics 
of honeycomb with the properties of 
the material which best suit your 
needs. Hexcel honeycomb materials 
include aluminum of various alloys, 
paper, glass reinforced plastics, as- 
bestos reinforced plastics, plastic 
films and many super alloys. 


ONLY HEXCEL CAN OFFER: 


1. Over 500 production types of hon- 
eycomb., 


2. Readily available applications en- 
gineering assistance. 


3. Substantial R & D facilities. 


4. The most comprehensive library 
of technical honeycomb informa- 
tion in existence. 


For additional information, write to: 


Oe) HEXxXCEL DUCTS INC. 
@ World leader in research and manu- 
ay, facture of honeycomb core materials. 


Vs Executive Offices: 2332M Fourth Street, 

me Berkeley 10, California, (415) 843-4664 
Applications Engineering Offices: Hunls- 
ville, Alabama; Berkeley, Inglewood and 
La Mirada, California; Havre de Grace, 
Maryland; Arlington, Texas 


Circle No. 15 on Subscriber Service Card 


39 


The NASA Gemini spacecraft’s load- 
bearing structure is virtually all 
titanium. It is light, strong, reliable. 
It shows how practical titanium is for 
both supersonic aircraft and next 
generation spacecraft. 

At its simplest, it consists of tita- 
nium skin, supported by titanium 
spars, stiffeners, fittings, rings; joined 
by resistance and fusion welds. Why 
titanium? Two of the strongest rea- 
sons: outstanding properties and a 
history of reliability. 


Titanium’s properties include high 
strength-to-weight in both tensile and 
yield, outstanding toughness, immu- 
nity to atmospheric corrosion, excel- 
lent fatigue strength and long-life 
creep resistance...at temperatures 
from —423F to 800F and higher. To 
find all these properties in one metal 
is unique. 


Titanium’s performance record is 


matchless in the high temperatures 
and heavy loads typical of high speed 
flight. Item: three million trouble- 
free hours in the North American 
F-100. Item: six years of reliable 
flight in McDonnell Aircraft’s Phan- 
tom II. Item: titanium is three percent 
of Boeing 727 airframe. Reason: 
titanium saves money by eliminating 
dead weight. 


Mercury spacecraft was built of 
titanium. It is natural that McDon- 
nell, which built Mercury, should use 
titanium for Gemini...seven differ- 
ent grades to meet specific mechanical 
needs. No limitation in size either. 
Forged rings, for example, are as 
large as 96 inches in diameter; sheet 
as thin as 0.010 inch. 


Two lessons can be drawn. Titanium 
is the logical metal for high-perform- 
ance aircraft construction. And 
Titanium Metals Corporation of 
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America, which supplied metal for all 
these programs, is your best source. 
TMCA, as the nation’s only organi- 
zation devoted exclusively to titani- 
um, supplies all grades, all products, 
all sizes—and all the technical assis- 
tance you require. 


Write for 16-page digest of titanium’s 
physical, mechanical properties 
and fabrication characteristics. 

: Covers all grades. 


titanium 


TITANIUM METALS CORPORATION 
OF AMERICA 
233 Broadway, New York 7, N.Y. 
NEW YORK © CLEVELAND * CHICAGO © DALLAS © LOS ANGELES 
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Re-entry from Mars Is Major Problem 


AIAA meeting told that technology for unmanned planetary entries 
is well in hand; NASA officials outline needs for future projects 


WILLIAMSBURG, Va,—Continuing 
definition of flight requirements for 
planetary missions indicates there is 
Some caution regarding extremely high- 
speed Earth-atmosphere re-entry for 
manned spacecraft and optimism as to 
the entry technology of unmanned plan- 
etary orbiters and landers. 

Both attitudes were in evidence last 
week at a well-attended three-day con- 
ference on Entry Technology sponsored 
here by the American Institute of Aero- 
nautics and Astronautics. The meeting 
produced a heavy emphasis upon tech- 
nology required for various Earth-Mars 
exploratory craft, reflecting a realiza- 
tion that both the commitment and the 
funding for large-scale efforts in this 
field are no longer in the distant future 
and that the time has come for more 
serious study of detailed flight problems. 

The note of caution was struck by 
Rodney Wingrove, research scientist 
from NASA’s Ames Research Center. 
He pointed out that for Earth re-entry 
speeds of 70,000 fps, which could pos- 
sibly be encountered in a manned space- 
craft return from planetary distances, a 
roll maneuver must be initiated during 
a one-second interval (with a maximum 
spacecraft roll rate of about 20 deg/ 
sec.) to insure capture by the Earth’s 
atmosphere without exceeding a 10-g 
acceleration limit and without danger 
of skipping back out of the atmosphere. 

While speeds of 70,000 fps are the 
maximum that can be expected, if they 
are encountered the critical timing of 
this flight maneuver would dictate auto- 
matic entry control systems, taking this 
role out of the hands of the pilot. This 
also would sharply reduce the possibility 
of pilot-operated back-up systems, and 
would therefore impose a very high 
teliability factor on the automatic sys- 
tem. 

From re-entry speeds of about 36,- 
000 fps, such as Apollo re-entry, up to 
interplanetary returns to about 60,000 
fps, Wingrove says, piloted maneuvers 
are feasible, though they get progres- 
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by Michael Getler 


sively more demanding. At Apollo 
speeds about a 10-sec interval for the 
roll maneuver is available. 

Above 60,000 fps—into the so- 
called “extreme supercircular’’ velocity 
range—it appears that new very-high- 
speed on-board digital computers will 
be required to properly time the critical 
roll maneuver, which essentially pro- 
vides the negative lift required for a 
spacecraft to maintain equilibrium and 
not skip out of the atmosphere. This 
latter danger would occur if the roll 
were initiated too late. Starting the 
maneuver too early, says Wingrove, 
would probably increase the peak ac- 
celeration on the crew. 

@ Ways around—Wingrove empha- 
sizes that entries at this speed may pos- 
sibly be avoided through use, for ex- 
ample, of other than atmospheric brak- 
ing schemes, though probably with some 
weight penalty, and that actual g-forces 
on an astronaut may be tolerable beyond 
the normally used 10-g level. He ex- 
pects that extended-duration Apollo 
missions will yield new data on this— 
and also indicate what kind of g-levels 
can be tolerated by pilots who are re- 
turning after a 420-day manned Mars 
mission. 

Wingrove also points out that en- 
tering at extreme velocities also will 
make major new demands upon the 
State-of-the-art in mid-course guidance 
systems needed to guide a spacecraft 
to a safe re-entry corridor “which gets 
pretty thin, on the order of 10 miles 
or less,” at these speeds. Errors in the 
mid-course system combined with at- 
mospheric uncertainties are major fac- 
tors affecting usable corridor depth. 

In addition to the entry speeds and 
the maximum acceleration tolerances, 
the vehicle L/D ratio and the type of 
vehicle control all contributed to deter- 
mination of corridor depth and provide 
some trade-offs for spacecraft designers. 
Wingrove says that some of the possi- 
bilities for obtaining a 10-mi. corridor 
at Earth re-entry speeds of 70,000 ft. 


include: use of roll modulation with an 
L/D=1 vehicle and a maximum 10-g 
acceleration level; roll modulation with 
an L/D=0.5 vehicle and a 14-g maxi- 
mum; pitch modulation (where the ac- 
celeration vector changes with respect 
to the pilot) with an L/D=0.5 and a 
10-g maximum; and area modulation 
(where the surface area normal to the 
force vector is regulated to reduce the 
g-load) with an L/D=0.5 and 10-g 
maximum. 

Wingrove also concludes that with 
automatic control used for the capture 
maneuver, there is no degradation in the 
usable corridor depth for + 10% un- 
certainties in density gradients and for 
vertical velocity measurements errors 
under about + 200 ft./sec. 

@ Unmanned designs in hand—Two 
scientists from General Electric Co.’s 
Re-entry Systems Dept. told the AIAA 
audience that “entry technology re- 
quired for unmanned planetary explora- 
tion vehicles is well in hand and design 
needs are well within the present state 
of the art.” 

Studies by GE, some of which were 
funded by NASA, showed that a rather 
broad family of blunted sphere-cones 
could be considered for lander vehicles, 
and that a near-optimum Mars entry 
vehicle might have a bluntness ratio 
near 0.6 and a half-cone angle of about 
50 degs. Weight and cost factors in 
selection of structural materials for 
Mars vehicles led GE to aluminum and 
magnesium in a honeycomb-sandwich- 
type of construction. For entry into a 
higher-surface-temperature Venus at- 
mosphere, studies showed the need for 
materials such as titanium, stainless 
steel, or beryllium. ; 

Due to the relatively low-density 
Martian atmosphere, the requirements 
for soft-landing retardation systems are 
increased to represent about 20% of 
the total entry vehicle weight, according 
to GE. By use of high-drag-to-weight- 
ratio parachutes and crushable alum- 
inum honeycomb impact attenuation 
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New dual-micrometer 
alignment telescope 


Kollmorgen Model K122 provides micrometer readings of two-plane displacements 
as small as 0.001-inch at distances up to 100 feet (0.0005-inch at closer ranges). 


Exclusive linear optical micrometers ...for independently 
measuring vertical and horizontal displacements from line 
of sight... make the Model K122 more accurate than any 
other commercially available alignment telescope. 


Why so accurate? Because a unique direct-coupled system 
is employed. It makes displacement of the instrument's line 
of sight exactly linear with displacement of the micrometer 
lenses, Results? Full instrument accuracy over the entire 
measuring range. No angular errors as with tilting plates. No 
tolerance build-up as with complex indirect mechanisms. No 
intersection errors between the two axes as with single- 
micrometer instruments, 


Virtually error-free focusing from zero to infinity is another 
superior feature of the K122. Its focusing lens rides on 
precision ways. Line of sight is never displaced by refocusing 
as with conventional sliding tube arrangements. 


Wide adjustment range! One revolution of each micrometer 
dial corresponds to a line-of-sight displacement of 0.025 
inch. Total dial travel . . . 8 revolutions . .. spans the 
measuring range of 0.100 inch. 


A versatile instrument! In addition to providing displacement 
data for aligning and positioning applications, the Model 
K122 has autocollimator capabilities. An optional eyepiece 
with built-in light source adapts the instrument either for 
“finding’’ purposes or for measuring large angles in the 
auto-reflection mode. 


Informative 12-page bulletin contains complete data on the 
Model K122 and other new Kollmorgen optical tooling in- 
struments: Single and Dual-Axis Autocollimators, Dual-Axis 
Automatic Autocollimator, non-measuring Alignment Tele- 
scope, Pointing Interferometer, and all required accessories. 
Write to Director of Instrument Sales today for this bulletin, 
specifying whether you want early demonstrations. 


KOLLMORGEN 


CORPORATION 
NORTHAMPTON, MASSACHUSETTS 
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systems, and other optimization of the 
vehicle, GE scientists say that about 
50% of the total weight can be devoted 
to the gross payload, and that the scien- 
tific payload can range from 5-25% of 
total weight, depending mostly upon the 
size of the lander. 

For example, using the Atlas-Cen- 
taur, a 545-lb. Mariner lander would 
have a 35-lb. scientific payload, while 
a 1,270-lb. Voyager aboard a Titan III- 
C or Saturn 1B would have a 160-lb. 
scientific package. A 17,200-lb. “Beagle’’ 
class lander aboard a Saturn V would 
have a 5,000-lb. scientific payload 
capability. 

@ OART needs—While entry tech- 
nology may be moving forward, NASA 
Associate Administrator Dr. Raymond 
L. Bisplinghoff told the gathering here 
that much remains to be done in the 
fields of energy conversion, materials, 
Measurement and control, and com- 
munications for full exploitation of in- 
terplanetary flight programs. 

For deep-space penetration with 
large payloads and for manned Mars 
missions at any launch opportunity, Bis- 
plinghoff said, progress in solid-core 
graphite reactor technology should lead 
to development of a range of lightweight 
reactors able to provide 1,000-5,000 
megawatts of power for nuclear engines. 
A nuclear third-stage aboard Saturn V 
would allow exploration of the environ- 
ment close to the Sun at large distances 
from the plane of the ecliptic, and 
would also allow large payloads in orbit 
around Venus, Mars, and Jupiter. Bis- 
plinghoff said this could be augmented 
by a fourth “kick” stage or possibly an 


electrical propulsion system for addi- 
tional velocity increments beyond the 
Earth’s gravitational field. 

Bisplinghoff called for new materials 
technology and containment processes 
for nuclear engines. In concept, he 
said, we may expect to achieve gas 
temperatures on the order of 5,000- 
6,000°F with graphite or tungsten fuel 
elements operating for short periods of 
time. He said that new containment 
concepts could perhaps transcend some 
materials limitations. 

For example, he said, if gaseous 
containment of the fission process could 
be devised this could permit nuclear 
propellant temperatures of 100,000°R. 
Thermonuclear rockets, he added, are 
also conceptually possible in which tem- 
peratures of 100 million°K. are con- 
tained by electromagnetic fields. The 
problems of containing fission and fu- 
sion processes in these ways are not yet 
solved, he stressed, but the ultimate 
promise merits major effort. 

Discussing large quantities of elec- 
tric power for space, Bisplinghoff said 
future use of MHD energy converters 
with higher-temperature reactors offered 
higher efficiencies, and their use with 
gas containment of the fission process 
is “very attractive.” Bisplinghoff even 
looked toward the use of fusion as an 
electrical producer in space, though he 
emphasized that the problems of starting 
and containing the Deuterium process 
are so formidable that use is still dec- 
ades away. 

In calling for major improvements 
in precise pointing capabilities and sen- 
sor systems, the NASA scientist said 


‘Grating Lobe’ Method Slims Arrays 


PHASED-ARRAY radar ele- 
ments can be reduced in some appli- 
cations by up to 98.5% and still 
provide high resolution, Martin Co. 
engineers report. 

For passive or active ground or 
aircraft use with relatively large- 
aperture arrays, Warren A. Birge of 
the Orlando Division’s Research 


Center proposes use of a grating- 
lobe (multi-element inferferometer) 


array. He claims that a 10-12 ele- 
ment “thinned array” installed be- 
neath an aircraft can produce a reso- 
lution equivalent to that achieved by 
a 650-element array of the same 
overall size. Aerodynamic drag and 
electrical losses (at K band) would 
be minimal. 

In the grating-lobe technique, dis- 
similar transmitting and receiving 
apertures are employed. The length 
and location of the transmitting 
horns, relative to the inter-element 
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spacing of the receiving horns, are 
critical. In operation, the open an- 
tenna areas are synthesized electron- 
ically, producing a readout pattern 
equivalent to that provided by a 
more conventional “filled-in” array. 

Birge said the pattern for a flight- 
type system in the acquisition mode 
would sweep 30-33 degrees on each 
side of the flight path at a 25 cycle/ 
sec. frame rate and an angular reso- 
lution of 1.2 degrees. 

After acquisition and target iden- 
tification, Birge said, a high-resolu- 
tion mode could be initiated. At K, 
band, resolution would be of the 
order of 2 milliradians; at K, band, 
about 1 mrad. These resolutions, he 
pointed out, are 10 times better than 
those obtained by any existing for- 
ward-looking radars. 

Ranges of more than 10 mi. are 
practical, the engineer disclosed. 


that current accuracies of 0.1-1 deg 
would be compounded to provide about 
10“ deg pointing accuracies for ad- 
vanced solar observatories and 10° 
degs for laser and long-range astronom- 
ical observatory systems. He also said 
that current 1-2-deg-resolution horizon 
scanners would have to experience a 
major improvement to 0.001 deg sensi- 
tivities in the future. He said techniques 
other than IR sensing, such as visible 
airglow detection, ultraviolet and RF 
radiation systems are possibilities. 

In the communications area, Bis- 
plinghoff said bit rates over interplane- 
tary distances would have to undergo 
major increases, particularly to reach the 
10-100 million bits/sec needed for high- 
quality TV. 

The Mariner probe has an early 
capability equal to about 1 bit each 5 
secs from Mars. This possibly can be 
improved to about 2,000-5,000 bps by 
the early 1970’s. This is still too slow 
for TV, he noted. There is some doubt 
that microwave techniques could ever 
be expanded to those rates, he said, and 
he indicated that optical systems may 
be necessary. 

© Parasail/landing rocket—While 
the parachute landing recovery system 
being developed for Gemini and Apollo 
still does not vary greatly in concept 
or capabilities from that used in Project 
Mercury, a team of NASA Manned 
Spacecraft Center scientists reported on 
new development programs at Houston 
aimed at exploring improved systems. 

A parasail/landing rocket develop- 
ment program now in progress is billed 
as “the most advanced landing system 
program” undertaken by MSC thus far 
and is slated for completion in 1965. 
This is basically a controllable gliding 
chute with a low-thrust landing rocket 
which serves as an impact attenuator. 
In wind-tunnel and aerial-drop tests, 
NASA says, unstiffened canopies have 
exhibited L/D ratios as high as 2.1 in 
some configurations which, combined 
with a landing rocket system, could 
provide a spacecraft landing capability 
in land or water with enough maneuver- 
ability to avoid local obstacles. As of 
now, there are no plans to land either 
Gemini or Apollo on land. And, as one 
scientist points out, there must be a 
requirement for the system to come 
down on land before a decision is made 
to incorporate the added weight of such 
a landing system. 

In addition to the parasail/landing 
rocket project, NASA is known to be 
interested in an Air Force clustered- 
parachute concept which reportedly pro- 
vides an L/D=2 and would allow oper- 
ation in high wind velocities. NASA 
has also expressed interest in a rotor 
recovery system, developed by Kaman 
Aircraft Corp., which was described for 
the AIAA audience. B 
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ITT Gilfillan radar aboard the USS Kearsarge. 
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ITT radar searched him out and brought him home. 


Radar developed by an ITT System 
company monitored his penetra- 
tion, gave him a steer, and put him 
on the glide slope. 

Now he has to put her on 

the deck. Used on carriers, 

this extremely lightweight radar 
system by ITT Gilfillan can 
out-perform many larger systems. 


CORPORATION * ITT CANNON ELECTRIC tNC. 


THESE ITT COMPANIES ARE ACTIVELY SERVING U. S. DEFENSE AND SPACE PROGRAMS: FepERAL ELECTRIC 
. * * ITT ELECTRON TUBE OIVISION + ITT 

. . * ITT INGUSTRIAL LABORATORIES DIVISION * ITT 

T . . * ITT SEMI-CONDUCTORS, 

NC, « . * JENNINGS RADIO MANUFACTURING CORPORATION, 


ITT WORLD COMMUNICATIONS INC. 


FEDERAL LABORATORIES 
INDUSTRIAL PRODUC 
Ir 


DIVISION 
ABLE DIVISION 


ITT WIRE AN 


CONTROLS INC 
ITT INTELCOM INC, 


ITT GENERAL 


Another version of this ITT light- 
weight GCA radar system for 
tactical use, such as COIN warfare, 
can be transported by helicopter 
or 2'/2-ton truck, and be set up and 
operating 30 minutes after arrival. 


ITT Gilfillan is the company that 

10 years ago introduced 4-in-1 
radar (search, precision approach, 
height finder, taxi, all in one system) 
to the world. 

The U.S. Army, the Navy, the 
Marines and the Air Force, as well 
as a dozen foreign nations, have 
bought and are still buying 

its radar systems. 


ITT CATA AND INFORMATION SYSTEMS DIVISION 
ITT GILFILLAN INC. 
ITT KELLOGG COMMUNICATIONS SYSTEMS 


TACAN, LORAN-C, DME, OMEGA, 
ILS and radio altimeters are 
among the many military navaids 
produced by ITT, the world’s 
largest international supplier of 
electronic and telecommunication 
equipment. 

International Telephone and 
Telegraph Corporation. World 
Headquarters: 320 Park Avenue, 
New York, New York 10022. 
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New Activities 


The General Electric Co. and the University of 
Pennsylvania have formed a working relationship 
called Associates for Astronomical Research 
(AFAR), which aims at bringing together the 
basic research skills of the university with the 
technical skills of industry for the purpose of 
conducting a long-range endeavor in the field of 
astronomy. Much of the work will be centered at 
a new observatory being built in New Zealand by 
AFAR and the University of Canterbury. ... 
Honeywell, Inc.’s military products facility in 
Boston has been expanded beyond the electro- 
optics field to include research and development in 
radar and other applications of high-frequency 
radiative energy. The facility will be renamed the 
Honeywell Radiation Center to more properly re- 
flect the expanded activities. . . . C-E-I-R, Inc., 
Arlington, Va., research and data processing firm, 
has formed a new Statistical Sciences Div. to 
offer complete services in mathematical-statistical 
analysis to business and government through a 
single corporate unit..../. D. Black & Associates 
has been formed as a management consultant firm 
in Washington, D.C. The organization is to pro- 
vide services in the fields of technical marketing 
intelligence and analysis, research, development 
and advanced planning. The firm’s technical staff 
includes engineering personnel specializing in 
missile and aviation systems, aerospace and elec- 
tronics, with emphasis on surveillance, reconnais- 
sance and intelligence systems. 


Mergers and Acquisitions 


Dynamics Corp. of America, New York City, 
has acquired the Massa Div. of Cohu Electronics, 
Inc., San Diego, Calif. The Massa Div. plant, lo- 
cated in Hingham, Mass., is a specialized devel- 
oper and producer of anti-submarine warfare and 
oceanographic equipment. Purchase price was 
said to have been in “excess of $2 million.” ... 
The Marquardt Corp., Van Nuys, Calif., has an- 
nounced plans to acquire the assets of Automation 
Laboratories, Inc., Mineola, N.Y. AL develops and 
produces television pickup and display equipment, 
visual scanning devices, precision angle measur- 
ing equipment and radar simulation equipment. 
The firm, which is Marquardt’s first East Coast 
acquisition, will be operated as a wholly owned 
subsidiary. . . . Walter Kidde & Co. and Asso- 
ciated Testing Laboratories, Inc., boards of di- 
rectors have approved a plan for the acquisition 
of AT by Kidde. Pending approval by stockhold- 
ers, the acquisition would involve a stock trade 
of all AT common stock at a rate of 10 shares of 
AT per 3.5 shares of Kidde. AT performs en- 
vironmental and reliability testing for industry. 
... Regency Electronics, Inc., Indianapolis, Ind., 
has acquired 95% of the stock of Metrotek Elec- 
tronics, Inc., Raleigh, N.C. Basis of the acquisi- 
tion was one share of Regency stock for 125 of 
Metrotek. Metrotek is to operate as a separate 
subsidiary of Regency and retain its name and 
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product line consisting predominately of citizen’s 
band transceiver equipment. . . . Lear Siegler, 
Inc., Santa Monica, Calif., has purchased for an 
undisclosed amount of cash all assets of the Air 
Valves Co., Inc., of Warren, Mich. To be known 
as the Air Valves Div. of Lear Siegler’s Power 
Equipment Div., the acquisition will add to LS’s 
capabilities in the design, manufacture and mar- 
keting of compact, lightweight air valves and 
pneumatic safety controls. ... Vacuum Industries, 
Ine., Sommerville, Mass., producers of high vac- 
uum equipment and instruments, has acquired for 
cash the Mt. Vernon Research Co., of Alexan- 
dria, Va. 


Missile/Space Facilities 


Glenair, Inc., Glendale, Calif., designer and 
manufacturer of connector and cable accessories 
and special connector assemblies for the missile/ 
space, electrical and instrumentation industries, 
has opened a new 15,000-sq.-ft. plant, tripling the 
size of its previous facilities. .. . Lockheed-Cali- 
fornia Co., Burbank, has begun operations of a 
test facility designed to develop advanced fuel sys- 
tems for future spacecraft and spaceplanes. The 
facility consists of a 1,730-sq.-ft. air-conditioned 
control blockhouse with cells for both structural 
and operating systems experiments at cryogenic 
temperatures and a large outside test pad. Sys- 
tems tests will involve propellant tanks, valves, 
flow lines, pumps, insulation pressure control and 
safety devices. ... Tamar Electronics Industries, 
Inc., has announced plans to establish an indus- 
trial complex in Gardena, Calif., for research, 
development and manufacturing of electronic sys- 
tems and components. The new facility will be 
part of a reorientation of the Stoddart Aircraft 
Radio Co., a Tamar subsidiary. 


Government Research Scrutinized 


The President’s Science Advisory Committee 
is studying the question of whether the functions 
of some government research laboratories might 
not be met more economically by private industry. 
The Commission is concerned over the apparent 
lack of overall governmental planning and con- 
trol of the labs, the exact number of which the 
Committee has been unable to determine. Best 
current estimate is 150 labs spending $500 mil- 
lion a year. Among questions the Committee 
hopes to answer are: How productive are gov- 
ernment labs in comparison to those of industry? 
Are some government labs being bypassed by 
changing technology? Is lack of adequate control 
allowing government labs to move from their 
original missions into areas for which they are 
not properly qualified ? Impetus for the study was 
a recent National Academy of Sciences report 
calling for better use of engineering and scien- 
tific talent, both in and out of government. 
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—tcontracts 


AIR FORCE 


$7,400,000—GT&E Corp., Sylvania Electric Prod- 
ucts, Inc., New York City, for production and 
delivery of advanced airborne data-processing 
equipment for incorporation into larger elec- 
tronic systems. 

$2,800,000—TRW Space Technology Lahoratories, 
Redondo Beach, Calif., for work on AF space 
programs. 

$2,375,000—International Telephone & Telegraph 


Corp., New York City, for work on test-range a 


communications at various locations. 

$2,350,000—Littou Industries, Inc., Woodland 
Hills, Calif., to contract for equipment to over- 
haul and test inertial navigation systems. 

$1,800,000—Lear Siegler, Inc., Instrument Div., 
Grand Rapids, Mich., to provide two-axis flight 
director indicators. 

$1,300,000—General Electric Co., Philadelphia, 
for the development and testing of unspecified 
space vehicles. 

$1,200,000—Collins Radio Co., Dallas, for tech- 
nical services involving voice and data com- 
munication equipment and flight control] equip- 
ment. 

$1,001,044—Lockheed Missiles & Space Co., Sun- 
nyvale, Calif., for repairs to Agena D rocket 
booster. 

$225,500—North American Aviation, Inc., Rocket- 
dyne Div., Canoga Park, Calif., for research 
in high-energy oxidizers. 

$107,500—Hughes Aircraft Co., Culver City, 
Calif., for three-month pre-phase-1 study of 
the autonomous navigation definition for the 
Manned Orbiting Laboratory. 

$47,760—D. B. Milliken Co., Arcadia, Calif., for 
high-speed 16-mm motion-picture cameras. 

$44,000—United Aircraft Corp., Hamilton Stand- 
ard Div., Windsor Locks, Conn., for three- 
month pre-phase-1 study of the environmental 
control and life support subsystems for 
Manned Orbiting Laboratory. 


ARMY 


$3,152,975—Bendix Corp., Teterboro, N.J., for 
R&D and other work on Pershing missile. 

$1,977,933—Belock Instrument Corp., College 
Point, N.Y., for engineering services to support 
the Hawk simulator-trainer. 

$262,150—Western Electric Co., New York City, 
for Nike X DR and TTR receiving components. 

$25,658—Sperry Rand Corp., Salt Lake City, 
Utah, for repair parts for Sergeant missile. 

Electro-Mechanical Research, Inc., Sarasota, Fla., 
for study and evaluation of FM telemetry at 
White Sands Missile Range (amount undis- 
closed). 


NAVY 


$9,573,525—Lockheed Alrcraft Corp., Sunnyvale, 
Calif., for work on the Polaris missile program. 

$2,292,412—Motorola, Inc., Scottsdale, Ariz., for 
target-detecting devices for use with Talos 
missiles. 

$1,507,750—Lockheed Alrcraft Corp., Sunnyvale, 
Calif., to make components for Polaris missiles. 

$822,896—Vitro Corp., Vitro Laboratories Div., 
Silver Spring, Md., contract extension for sys- 
tem engineering work on Navy ships being 
armed with the Terrier, Tartar and Talos mis- 
sile systems. 

$66,427—Atlantic Research Corp., Alexandria, 
Va., for contract modification for a research 
program to study the physical properties of 
solid propellants. 

$22,018—Goodyear Aerospace Corp., Akron, Ohio, 
for production of Subroc missiles. 

Informatics, Inc., Sherman Oaks, Calif., for ana- 
lytical studies and computer programming 
associated with the Fleet Automatic Vectoring 
System to be installed at Pacific Missile Range, 
Point Mugu (amount undisclosed). 


NASA 


$2,600,000—Hayes International Corp., Birming- 
ham, Ala., for high-pressure gas distribution 
system for NASA launch complexes 34 and 
37 at Cape Kennedy and complex 39, Merritt 
Island Launch Area. 

$442,393—Lockheed Georgia Co., Marietta, Ga., 
for modification and refurbishment of Saturn 


IB arm assemblies, hydraulic control panels 
and assemblies to complete the swing arm 
systems. 

$261,665—Space Craft, Inc., Huntsville, Ala., for 
development, fabrication and delivery of two 
prototypes and four production model radar 
altimeters. 

$260,000—Fairchild Hiller Corp., Space Systems 
Div., Rockville, Md., to design and fabricate 
an “Advanced Solar Array” for the advanced 
Nimbus weather satellite. 

$200,000—Cook Electric Co., Morton Grove, IIl., 
for 10 biomedical recorders for use by Gemini 
astronauts, 

$170,000—Chrysler Corp., Space Div., New Or- 
leans, La., for a seven-month study to estab- 
lish a method to increase the payload capabil- 
ity of the Saturn IB space vehicle. 

$74,752—University of Southern Calif., Los An- 
geles, for investigation to determine the effects 
of long-term bed rest on g-tolerance and on 
psychomotor performance. 

$74,452—Northeastern University, Boston, for 
R&D services on human decision processes in 
simulated advanced aerospace surveillance sys- 
tem. 

$71,106—University of Texas, Austin, for develop- 
ment of methods for predicting the behavior 
of a manned spacecraft landing on soil. 

$70,330—Goerz Optical Co., Pittsburgh, for lunar 
camera design study. 

Douglas Aircraft Co., Inc., Missile & Space Sys- 
tems Divy., Santa Monica, Calif., to conduct a 
six-month analytical study of lunar orbit mis- 
sions for an IMP-type satellite which can be 
launched in 1966 with the new Improved Delta 
space booster (amount undisclosed). 

Fairchild Hiller Corp., Space Systems Divy., Rock- 
ville, Md., to design and develop a thermionic 
diode controlled power system to investigate 
and evaluate nuclear powered electrical sys- 
tems to be used for prolonged space flights 
(amount undisclosed). 

Fairchild Hiller Corp., Space Systems Diy., Rock- 
ville, Md., for R&D of a “Deployable Solar 
Array.” 


INDUSTRY 


$9,000,000—Radio Corp. of America, New York 
City, from Grumman Aircraft Enginecring 
Corp., Bethpage, N.Y., for a major portion of 
the stabilization and control system in the 
Lunar Excursion Module. 

$4,500,000—Radio Corp. of America, Camden, 
N.J., from The Boeing Co., Seattle, for work 
in connection with the Air Force Minuteman 
ICBM program. 

$2,000,000—Beckman Instruments Inc., Fullerton, 
Calif., from Aerojet-General Corp., Aetron 
Diy., Covina, Calif., for data acquisition and 
processing systems to be used in testing the 
Saturn V booster. 

$975,000—Radiation, Inc., Melbourne, Fla., from 
The Boeing Co., Seattle, for work on the Lunar 
Orbiter program. 

$850,000—Talley Industries, Inc., Mesa, Ariz., 
from The Boeing Co., Seattle, to perform 
modification work on equipment which will be 
installed at Minuteman field locations. 

$600,000—Itek Corp., Lexington, Mass.. from 
Canadair, Ltd., Canada, for production of 
fourteen small, lightweight aerial camera sys- 
tems, and associated equipment. 

$550,000—GT&E, Sylvanla Electric Products, Inc., 
New York City, from North American Avia- 
ation, Columhus Div., Columbus, Ohio, for 
fabrication of 30-ft.-dia. transportable antenna 
systems. 

$250,000—Electronic Communications Inc., St. 
Petersburg, Fla., from The Boeing Co., Seat- 
tle, for radio equipment for the Minuteman 
improvement programs. 

$200,000—Cook Electric Co., Data-stor Div., 
Skokie, 1ll., from the Martin Co., Orlando, 
Fla., for Model 56 punched tape readers used 
in the ground computer of the U.S. Army’s 
Pershing missile system. 

Philco Corp., Western Development Laboratories 
Div., Palo Alto, Calif., from California Insti- 
tute of Technology, Jet Propulsion Lahoratory, 
Pasadena, for a study to develop designs for 
spacecraft that would travel to comets or to 
close-approach asteroids (amount undisclosed ). 
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Boeing, world leader in advanced 
swept-wing, multi-jet aircraft, is 
today pioneering evolutionary ad- 
vances in both civilian and military 
aircraft fields. These programs have 
created outstanding openingsin the 
Pacific Northwest with Boeing's 
Airplane Division for graduate en- 
gineers at all experience levels in 
the fields listed below. Minimum 
educational requirement is a B.S. 
degree in an engineering discipline, 
except where noted. 


DESIGN 


Structura/—Duties include the determi- 
nation of aircraft structural requirements, 
preliminary sketches and preparation of 
final layout drawings and investigation. 


Hydraulic—Duties include design of 
hydraulic systems and hydraulically 
actuated mechanisms, including brake- 
flaps, spoilers, landing gear doors, land- 
ing gear and nose wheel mechanisms. 


Air Conditioning & Pneumatic Sys- 
tems—Positions include the design of 
air conditioning and pneumatic systems, 
cabin heating and ventilation, cabin pres- 
surization, electronic equipment cooling, 
and temperature control of aircraft 
surfaces. 


Aircraft Contro/—Duties involve design 
of controls including ailerons, elevators, 
rudder, trim tabs and engine controls. 


Power Plant—Assignments involve the 
design of engine installations, engine 
accessories, strut and engine supports, 
engine nacelles, and thrust reversers / 
sound suppressors. 


Fuel Systems—Positions include de- 
sign of fuel systems, fuel and tank 
ventilation systems, water injection and 
tank purging systems. 


DEVELOPMENT 


Structural Dynamics—Duties involve 
analysis and experiments in aeroelastic 


ENGINEERS: 


Design and Development openings at Boeing 


fields of flutter and dynamic loads. B.S. 
or advanced degree required in applied 
mechanics with significant aerodynamic 
and structures background related to 
high-speed aircraft. Should be familiar 
with latest theories and techniques for 
analysis and test. 


Stability and Contro/—Openings re- 
quire strong background in airplane flight 
control system design and analysis, and 
stability and control characteristics, plus 
knowledge of computers, servomechan- 
ism design and development and testing 
of airplane configurations. Master's 
degree or equivalent. 


Flight Control Systems—Positions in- 
volve establishing dynamic design criteria 
and specifications for flight control sys- 
tems, subsystems and components; selec- 
tion of most suitable control system com- 
ponents, and guidance of control system 
procurement and flight test. Requires B.S. 
or M.S. in engineering, mathematics or 
physics with applicable experience. 


Metallurgy and Mechanical Engineer- 
ing—Assignments entail alloy selection 
and application, development and im- 
provement of processes, preparation of 
specifications, laboratory experiments, 
technical consultation, and service failure 
analysis. Requirements, in addition to 
experience in aircraft technology or a 
related field, include familiarity with the 


electron microprobe and microscope and 
standard metallurgical equipment. 


Chemical Engineering—Openings re- 
quire experience in lubrication materials 
and concepts; elastomeric, inorganic fin- 
ish, and organic polymeric materials, and 
structural adhesive bonding, plus a basic 
knowledge of materials behavior. Work 
involves evaluation, analysis and investi- 
gation of all materials characteristics, in- 
cluding mechanical, electrical, chemical 
and surface. 


Propulsion—Responsibilities include 
research and development, primarily 
V/STOL oriented, in the fields of sub- 
sonic and supersonic inlets, thrusting 
ejectors and engine fan thrust vectoring; 
engine cycle analysis, engine / airplane 
Optimization studies for subsonic and 
supersonic propulsion systems, and 
VTOL propulsion technology. 


Salaries are competitively com- 
mensurate with your education 
and experience background. Travel 
and moving allowances are paid to 
newly hired personnel. Boeing is 
an equal opportunity employer. 


Assignments are at Airplane Divi- 
sion’s Renton Branch, located near 
Seattle in the uncongested Pacific 
Northwest, noted for year-round 
mild climate, famous recreational 
facilities, excellent schools and 
housing, and healthful outdoor 
Western living for the whole family. 


Send your resume today to Mr. Thomas 
Sheppard, Airplane Division, The Boeing 
Company, P.O. Box 707-ACD, Renton, 
Washington 98055. 


SSO EMN Is 


AIRPLANE DIVISION 


Other Divisions: Aero-Space « Verto! « Turbine 
« Also, Boeing Scientific Research Laboratories 


New Product of the Week: 
Photo Reducer /Printer 


An instrument for more rapid and 
less expensive automatic production of 
original glass plate photomasks, used 
in the manufacture of semiconductor 
integrated circuits, has been developed 
by David W. Mann Co., a division of 
Geophysics Corp. of America. 

The “Photorepeater” is equipped 
with four barrel-like microreduction 
printers each capable of simultaneously 
completing up to 150 programmed ex- 
posures in less than 30 secs. on a con- 
tinuously moving glass plate (2 x 2 x 0.6 


Bellows Sealed Valve 


Fox Valve Development Co., Inc., 
has introduced a series of bellows sealed 
throttling and shut-off valves, designed 
for high-temperature, high-pressure serv- 
ice. 

The valves are available in stain- 
less steel, 9% Cr —1% Mo, stellites and 
refractory metals. They feature a ther- 
mally isolated bellows section, said to 
contribute to long bellows life. The all- 
metal construction has led to utilization 
of the valves in cryogenic service where 
no external leakage is permitted, the 
firm says. 

One variation for sampling purposes 
in test loops has a self-purging bellows 
section. This allows dynamic sampling 
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in.). The four printers are able to com- 
plete a total of eight original masks per 
hour, the firm says, each plate contain- 
ing 30 to 50 rows of complex patterns 
with elements guaranteed to be accur- 
ate to within +0.00005 in. 

A punch-tape control system pro- 
vides automatic programming of the 
number of exposures to be accomplished 
in each row. It also permits inclusion 
or exclusion of an exposure at any de- 
sired point. 

Circle No. 151 on Subscriber Service Card 


of a flow process without sample con- 
tamination by residue in the bellows 
cavity from previous samples. 

The units are available with manual 
or pneumatic operators. Line sizes range 
from 0.25 to 16 in. 
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Digital Tachometer 


A portable digital tachometer for 
measurement and display of shaft speed 
(RPM) and surface speed (FPM) with- 
out other equipment has been an- 
nounced by Avtron Manufacturing, Inc. 

The Model T572 is composed of a 
hand-held pulse generator and an elec- 
tronic counter. No switching is required 
when changing from RPM to FPM be- 


cause the same count time is used fo 
both. Readout of speed is displayed fo 
a time range of 0.8 to approximately 1 
secs. 
The unit can operate from its own 
batteries or a 115v input. 
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Line Impedance Bridge 


A line impedance bridge for meas 
uring RF line impedance and phas 
angle without direct connection to a 
power line has been announced by Solar 
Electronics Co. 

In the Model 6363-1, two curren 
transformer probes couple to unknown 
impedance units, providing measure- | 
ment magnitudes from 1 to 1,000 ohms 
and phase angles of =180 degrees over 
a frequency range of 15 ke to 25 me. 
Power line currents up to 100 amps 
have negligible effect on measurements. 
Impedance measurements are accurate 
to +12%, phase angles to =10%. 
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Shock Test Machine 


L.A.B. Corp. is marketing a rapid 
sequence shock machine designed for 
production testing of semiconductors. 

The Model SDF-4.5-96-4 has a 4-Ib. 
test load capacity and can deliver 3,000 
g’s, 0.7 ms shocks from a 96-in. drop 
distance at a rate of 12/min. and 1,500 
g’s, 1 ms shocks from 60 in. at a rate ~ 
of 15/min. 

The carriage is raised to a pre-— 
selected drop height by a chain hoist 
where the rebound brake is automat- 
ically opened and the carriage allowed 
to fall. On impact, the brake actuates 
and prevents secondary shocks. Inter- 
changeable elastomer shock pads are 
furnished to produce shock pulses at dif- 
ferent durations. 
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Diode Laser Pulse Generator | 


The Model DLP-2 pulse generator, | 
designed especially for use with gallium 
arsenide diode laser systems, is being | 
marketed by Maser Optics, Inc. 

The unit has a rated peak output of | 
300 amperes. Nominal pulse width is 10 / 
nanosec. and rise time is 1 nanosec. It 
can be internally or externally triggered 
or operated in a single-shot manner. | 
With internal triggering, pulse repetition © 
rate can be continuously varied from 10 
to 200 pulses per second. With external — 
timing, rate varies from zero to 200 
pps. The device permits room tempera- ~ 
ture operation of the diode laser. 

Circle No. 156 on Subscriber Service Card } 
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IF YOU’RE 

A TOP-RATED 
ENGINEER 
WITH 

A QUESTIONING 
TURN 

OF 

MIND... 


and the ability to find answers, too...there may 
be a spectacular future for you at Douglas. 

We're the questioning kind of company . .. never 
satisfied ... always wanting to do things better than 
anyone else can do them — or than we've ever done 
them before. 

Frankly, we're discontented with everything but 
excellence... and even with yesterday’s excellence. 

If you’re neurotic along the same lines, we’d like to 
talk to you about putting our mutual frustrations to 
work to create the finest missile and space systems 
in the world. 

To further our association, please write (include 
resume) to Mr. E. T. Snodgrass at the address below: 


isa 
DOUG. ; 
1 


SS 
MISSILE & SPACE SYSTEMS OIVISION 


2700 Ocean Park Boulevard 
Santa Monica, California 
An equal opportunity employer 


Component Insertion Unit 


IBM Industrial Products Div. has 
available a high-speed production ma- 
chine for inserting components into 
printed circuit cards. 

The ME 501 provides random se- 
lection of up to 24 different 14 -watt re- 
sistors for insertion into printed cir- 
cuit cards at a maximum rate of 4,500 
insertions per hour. The machine con- 
sists of a panel feeder, a transport sys- 
tem, a punched tape reader and a hopper 
assembly. 


An optional PREP (preparation) 
machine is utilized to cut the axial 
leads to a pre-selected length and load 
the components into the magazine. 
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Helium-Neon Laser 


A continuous wave helium-neon 
laser, designed for instrument, system 
and experimental applications, is being 
marketed by Spectra-Physics, Inc. The 
Model 131 utilizes de excitation to pro- 
vide simpler operation and to eliminate 


interference normally encountered with 
RF excitation sources. 

Output of the laser is 6,328 A, with 
optional outputs at 11,523 or 33,912 A. 
CW power in a diffraction-limited, uni- 
phase wavefront exceeds 0.5 milliwatts 
in the hemispherical resonator configu- 
ration. More than one milliwatt is ob- 
tainable in a multiphase wavefront on 
the confocal resonator configuration. 
Beam diameter is 1 mm at the exit ap- 


erture; beam divergence is less than 0.7. - 


milliradians when using the hemispheri- 
cal resonator. 
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Power Contactor 


The 3 PST/NO 20-amp power con- 
tactor, capable of handling 3-phase ac 
ratings, is being marketed by Leach 
Corp. 

The unit is available in three models: 
28v dc; 115v ac, 60 cps; and 115v 
ac, 400 cps. It meets MIL-R-6106C 
specifications and is capable of opera- 
tion in a temperature range of —70° 
to 120°C. It can withstand shocks of 
25 g’s, vibration of 10 g’s to 1,500 cps 
and acceleration to 15 g’s. The device 
measures 2.4 X 2.5 X 1.5 in. and weighs 
0.6 Ib. 
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Semiconductor Test Set 


The Model 430 semiconductor test 
set, capable of completing 20 tests in 
one second, is being marketed by Aero- 
tronic Associates, Inc. Accuracy is bet- 
ter than 1% on a “go, no-go” basis. 

The system is designed to test en- 
capsulated diode matrixes, but the ‘use 
of solid-state logic and operational am- 
plifier techniques permit the basic de- 


1 WATT *? 
DETONATOR 


This ordnance device has been designed and produced to meet 


the stringent requirements of performance in deep space. It 
satisfies AFMTCP 80-2 “No Fire’’ RF requirements and recent 
directives regarding use of static-sensitive materials in ordnance 
device primers. Proven applications include initiation of LSC, MDF, 
and as a power source for mechanisms utilizing shock wave energy. 


Get Complete Information on This And Other 
Ordnance Products From 


ES) SPACE ORDNANCE SYSTEMS, INC. 


RESEARCH 
DESIGN 
OEVELOPMENT 
MANUFACTURING 


133 PENN STREET, EL SEGUNDO, CALIFORNIA 90246/213-772-5461 
Send for General Catalog and Capabilities Brochure 
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sign to test most semiconductors, the 
firm says. 

It utilizes a “self check” method to 
assist in maintenance and employs 
special cards containing resistors to pro- 
gram the test parameters. The set is 
capable of reading out the exact value 
of any one parameter during normal 
operation without interferring with the 
operation of the system. 
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Integrating & Time Base Unit 


An integrating and time base unit, 
which permits standard data analyzers 
to be used as multi-scaler or signal 
averaging computers, has been an- 
nounced by Nuclear Data, Inc. 

The ND-180ITB unit provides ca- 


cemnneniee 7 nd 


pabilities of multichannel scaling for 
events as a function of time or velocity, 
and signal averaging for the enhance- 
ment of signal-to-noise ratios. 
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Temperature Chamber 


A portable temperature chamber de- 
signed especially for vibration testing 
and equipped with a lift ring for con- 
nection to most shakers is available from 
Conrad, Inc. 

The Model PBV-6 is cylindrical 
with an open bottom for connection. 
Test area is nominally 24 X 24 in., but 
may be decreased slightly when adapters 
are used. Temperature range is —100° 
to 300°F with CO,. Other models are 
available with a —300°F range using 
LN,. An optional cover for the bottom 
of the chamber allows its use as a port- 
able temperature test facility indepen- 
dent of vibration. 
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Audio Limiter 


Kahn Research Laboratories, Inc., 
has developed the Model LIM-63-1A 
limiter amplifier. The device utilizes 
two compactrons and one octal tube 
and meets FAA R543-D specifications. 

It covers a range of 300 to 3,000 
cycles. Input and output impedances 
are 600 ohms, with a 25-ohm micro- 
phone input provided. Precision step ~ 
attenuators on both input and output 
circuits are included in the system. 

Circle No. 163 on Subscriber Service Cord 
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beyond apollo— 
the U.S. space program 


bonus circulation b 


publication date—nov.30, 1964 


Gth 


NASA 
issue 


november 30. 1964 


MISSILES AND ROCKETS, the weekly of Space Systems 
Engineering, will publish its fourth annual NASA Issue on 
November 30, 1964. 


This annual issue, now accepted as the authoritative publication on the 
nation’s space agency, will examine future procurement plans of the National 
Aeronautics and Space Administration and three organizations allied with it 
in exploring the peaceful uses of space, Communication Satellite Corporation, 
Atomic Energy Commission and the U.S. Weather Bureau. 

With major procurement for the Apollo manned lunar landing program now 
behind it, NASA is deep in the planning for new projects to expand man's 
knowledge of space, including such post-Apollo missions as the Lunar Logistic 
Supply System, Manned Orbital Research Laboratory, Extended Apollo, Project 
Voyager and Manned and Unmanned Planetary Probes. ComSat Corp., AEC 
and the Weather Bureau are drawing up plans for their growing participation 
in the peaceful use of space. 

This issue of MISSILES AND ROCKETS provides the recognized and au- 
thoritative route to reach the men who will be making the research, design, 
engineering | and | procurement decisions in these new multi-billion dollar 
programs. 


By request, the fourth annual NASA issue of MISSILES AND 
ROCKETS will provide 5,000 bonus circulation to the decision- 
makers in NASA, AEC, ComSat Corp. and the Weather Bureau. 


This means more impact, more readership for your advertising 
dollars in MISSILES AND ROCKETS. 


missiles and rockets 


American Aviation Publications, Inc., 1001 Vermont Ave., N.W., Woshington, D.C. 20005 


advertising closes—nov. 16, 1964 


SENIOR 
RESEARCH SCIENTISTS 


Ph.D. level in Aerophysics, Aeronau- 
tics, Gas Dynamics or equivalent fields 
with achievement records in publica- 
tions and/or patents for research in 
such fields as: Transonic Airfoils, 
Shock-Boundary Layer Interactions, 
Interference Effects, Ground Effects, 
Unsteady Transonic Flow, Gas-Sur- 
face-Interactions, and Transport Prob- 
lems in Hypersonic Flow. 


These positions are directly connected 


with a challenging research program 
constituting one of the key activities 
in the new Research Center now un- 
der construction at the Lockheed- 
Georgia Company, Marietta, Georgia. 


Send resume, in confidence, to: Dr. 
C. H. von Kenschitzki, Associate Di- 
rector of Research, Lockheed-Georgia 
Company, 834 West Peachtree Street, 
Atlanta, Georgia 30308, Dept. QQ-77. 


LOCKHEED - GEORGIA COMPANY 


A Dtviston of Lockheed Alrcraft Corporation 


An equal opportuntty employer 
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Worth 
writing 
for 


j | AQM-30, “Detection and 
Analysis of Contamina- 
tion” outlines the meas- 
urement of particulate 
contamination with Milli- 
pore filters as applied to 
hydraulic fluids, air, fuels, 
lubricants, solvents, gar- 
ments, surfaces and other 
aerospace and industrial 
fluids. To get a copy of 
this manual, write to 


Millipore 


FILTER CORPORATION 
200 Ashby Rd., Bedford, Mass. 


eect 
at dro 


vittarinetinn 
atin 


Millipore® filters are cellulose 
plastic porous membranes made in 
twelve pore-size grades from 8 
microns down to 10 millimicrons. In 
} microfiltration of analysis, all matter 


36 PAGES larger than the filter pore size is 
FREE screened from fluids and retained 
OF CHARGE on the filter surtace. 
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FLYNN 


BEATON 


Charles L. Ik Elected senior vice 
president of Page Communications En- 
gineers, Washington, D.C. 


Ralph E. Grimm: Named president of 
Communication Electronics, Inc., Rock- 
ville, Md. He is one of the original 
founders of CEI and has been serving as 
executive vice president of the company. 


Richard J. Flynn: Named executive 
vice president of Ling-Temco-Vought 
Continental Electronics Div., Dallas. 


George P. Baker: Elected a director 
of the Lockheed Aircraft Corp., Burbank, 
Calif. He is also dean of the Graduate 
School of Business Administration at 
Harvard University. 


Roy H. Beaton: Appointed general 
manager of the General Electric Co.’s 
Apollo Support Dept., Daytona Beach, 
Fla. 


Rocket Power, Inc., a subsidiary of 
the Maremont Corp., announced the fol- 
lowing promotions and additions to the 
company’s Mesa, Ariz., facility: H. E. 


| Roy, chief engineer, propellant develop- 


ment; W. E. Bullion, chief engineer, 
ballistic devices; V. D. Williams, chief 
engineer, flight vehicles; D. R. West, 


| manager, test department; L. E. Cates, 


manager, contracts administration; D. L. 
Byrd, program management office. 


Harold E. Tately: Appointed manager 
of market research for the Advanced 
Product Planning Operation of the Gen- 
eral Electronic Components Div., Sche- 
nectady, N.Y. 


Dr. Van Zandt Williams: Chosen as 
president-elect of the Optical Society of 
America at its 49th annual meeting. He 
will assume office Jan. 1, and preside for 
one year. He is with Perkin-Elmer Corp., 
Norwalk, Conn. 


William Meng Duke: Named _pres- 
ident of Whittaker Corp., Los Angeles. 
He was formerly with ITT Corp. and has 
been associated prominently with such 
programs as Terrier and Lacrosse, Titan, 
Minuteman, Explorer VI, Pioneer V, Thor/ 
Able, Atlas/Able, and OGO. 


Fred R. Raach: To be vice president 
and general manager, Data Processing 
Div., Univac Div. of Sperry Rand Corp., 
New York City. Also promoted were 


GRAHAM 


GARRETT 


Robert E. McDonald, vice president and 
general manager of the Univac Defense 
Computer Systems Div.; and David H. 
Baker, vice president and general manager 
of Univac’s International Div. 


Joseph G. Lundholm: Appointed di- 
rector of advanced research and tech- 
nology for Space Systems Div. of Fair- 
child Hiller Corp., Washington, D.C. 


J. N. Graham, Jr.: Appointed vice 
president of Mesa Scientific Corp., Ingle- 
wood, Calif. This action follows the mer- 
ger of Mesa with Systems Programming 
Corp., of which he was vice president 
and general manager. 


Capt. Frank M. Sanger, Jr., USN: To 
be technical director for the Navy’s Anti- 
submarine Warfare Systems Project. He 
will be responsible for the technical as- 
pects of all systems and equipment whose 
production is managed by the ASWS 
Project office, Navy Bureau of Material. 


Charles H. Weaver: Elected to the 
executive committee and to the board of 
trustees of the National Security Indus- 
trial Assn. He is group vice president, 
atomic, defense and space group of 
Westinghouse Electric Corp., Pittsburgh. 


Bernard R. Garrett: Appointed direc- 
tor of engineering of Instrument Systems 
Corp., Huntington, N.Y. 


Barney Hayden: Chosen executive 
vice president of Greer Hydraulics, Inc., 
Los Angeles. He is also on the board of 
directors. 


Charles H. Willis: Appointed director 
of the Ocean Engineering Div., Ocean 
Space Services, Inc., Annapolis, Md. 


Robert J. Fuchiek: Appointed direc- 
tor of engineering for Whittaker Corp.’s 
Electronics Div., North Hollywood, 
Calif. He will be responsible for the en- 
gineering of data instruments, and other 
products. 


Robert Bottorff: Named to the board of 
directors of Scantlin Electronics Inc., Los 
Angeles. He is treasurer of Dow Jones & 
Co., Inc. and publisher of the Wall Street 
Journal, National Observer, Barron’s and 
the Dow Jones News Service. Bradford 
Mills, partner in New York Securities Co., 
was also named to the board. 
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—when and where— 


OCTOBER 


Symposium on Unconventional Inertial 
Sensors, sponsored by the Navy, 
Republic Aviation Corp., and other 
government agencies, Long Island 
Graduate Center of the Polytechnic 
Institute of Brooklyn, Farmingdale, 
N.Y., Oct. 19-20. 


Annual Meeting of the Human Factors 
Society, Mayflower Hotel, Washing- 
ton, D.C., Oct. 19-21. 


National Electronics Conference, spon- 
sored by the IEEE, McCormick Place, 
Chicago, Oct. 19-21. 


Engineering Aspects of Space Medicine, 
a short course given by The George 
Washington University, Washington, 
D.C., Oct. 19-30. 


Eleventh Annual Air Force Science & 
Engineering Symposium sponsored by 
the Air Force Systems Command and 
the Office of Aerospace Research, 
Aerospace Medical Division, Brooks 
AFB, Tex., Oct. 20-22. 


East Coast Conference on Aerospace and 
Navigational Electronics, sponsored 
by the TEEE, Baltimore, Oct. 21-23. 


Conference on Spectroscopy, Instrumen- 
tation and Chemistry, sponsored by 
the Northern California Society for 
Spectroscopy and the American Chem- 
ical Society, Jack Tar Hotel, San 
Francisco, Oct. 21-23. 


17th Annual Gaseous Electronics Confer- 
ence, Atlantic City, N.J., Oct. 21-24. 


Conference on 
Illinois 
Sherman 


20th Annual National 
Fluid Power, sponsored by 
Institute of Technology, 
House, Chicago, Oct. 22-23. 


Western States Section/The Combustion 
Institute Fall Meeting, University of 
Utah, Salt Lake City, Oct. 26-27. 


Joint Meeting of AIAA and the Canadian 
Aeronautics and Space Institute, Ot- 
tawa, Ontario, Canada, Oct. 26-27. 


10th Conference on Welded Electronic 
Packaging, sponsored by the Society 
of Automotive Engineers, Belmont 
Plaza Hotel, New York City, Oct. 
27-28. 


11th Symposium on Nuclear Science, 
sponsored by the IEEE and Air Force 
Office of Scientific Research, Philadel- 
phia, Oct. 27-29. 
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5000 gallon—53# W. P. Dewar suit- 
able for oxygen, nitrogen, or hydrogen. 
Available immediately. 

National Annealing Box Co. 
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The Gauntlet 


le FLIGHT of the Voskhod came like a sharp 
and well-deserved slap in the face. The banner 
headlinc on page one of the Los Angeles Times said 
it as well as any: “Russ Jeer at Us.” 

The Russians might well jeer at us. At the outset 
of his Administration, the late President Kennedy 
picked the first manned lunar landing as a foremost 
national goal. After careful study of the lagging U.S. 
space program, it had been determined that this was 
the first major space objective to which this nation 
had a good chance of beating the Russians. 

The President, determined to wring the utmost 
in excellence from U.S. science and technology, 
issued the challenge publicly before the Congress in 
May, 1961. 

Despite every indication that the Soviets indeed 
had accepted our selection of the Moon for a race 
between the two nations, the Apollo priority soon 
began to sag. 

President Kennedy himself, in one of the most 
ill-advised moves he made, suggested a joint lunar 
expcdition. The director of the Apollo program, find- 
ing himself with something less than a mandate, 
quit and returned to industry. 

Delays, Congressional disputes and squabbles over 
priorities marked the course of the project. The target 
date began to drift—from 1967 to 1968 to 1969 and 
now to 1970. 

The U.S. wire services and national newspapers 
distorted a passing comment by Premier Khrushchev 
into evidence that the Soviets had abandoned the 
lunar race. Even when the text of the Premier’s state- 
ment showed just the opposite—that it was in fact the 
first official confirmation that the Russians were en- 
gaged in a major lunar program—critics of U.S. 
space spending continued to cite it as support for 
their case. 

As recently as last week, United Press Interna- 
tional, one of those most flagrantly responsible for the 
initial reporting error, repeated it with the statement 
that Khrushchev ‘“‘once said in a speech that the 
Soviet Union was withdrawing from the race to the 
Moon.” 

For the record, it should be emphasized that the 
Soviet Premier has never made such a statement. 

Nevertheless, the misquotation was widely cou- 
pled with a hiatus in Soviet manned flights as proof 
that the Russian space program was being abandoned 
as too costly. 

The last Soviet flight before Voskhod was the dual 
June 14-19, 1963, orbiting of spacewoman Valentina 
Tereshkova and Lt. Col. Valery F. Bykovsky. That 
gap is considerably less than the current one between 
the final Mercury flight of U.S. astronaut Gordon 
Cooper in May, 1963, and the first Gemini flight now 
set for next January or February. 

Voskhod demonstrated that the pace of the Soviet 
space program toward an objective chosen by this 
nation and publicly proclaimed by its President still 
is much faster than that of the U.S. program. 

The achievement of the Soviet Union in success- 
fully orbiting a three-man space vehicle, together with 
the increasing Russian interest in long-duration space 


flight, is evidence of an active, well-planned lunar and 
interplanetary space program. 

From the beginning, from Laika to Komarov, the 
Soviets have displayed an orderly progression to their 
objective. The Voskhod is further evidence of that 
fact, not in words but in hardware. 

“This is the complete answer to those who have 
been saying that the Russians had lost interest in 
sending men to the Moon,” asserts Kenneth W. Gat- 
land of the British Inter-Planetary Society. 

“This success opens new possibilities in the con- 
quest of the cosmos,” says Soviet space scientist 
Leonid Sedov. “Jt brings nearer the time of immediate 
contact of men with the Moon, Venus and Mars.” 

“They are still ahead of us,” says Dr. Edward C. 
Welsh, President Johnson’s chief space adviser. 

“It was a three-man Sputnik that indicated a 
strong Soviet lead in the race to land a man on the 
Moon,” says United Press International, blandly 
ignoring its earlier write-off of the Soviet lunar 
program. 

“The Soviet Union’s successful orbiting of its 
mammoth three-man spaceship Monday appeared to 
be a systematic—and extravagant—step toward the 
Moon,” says the Associated Press, which was equally 
guilty of distorting the earlier Khrushchev statement. 


T IS NOT SURPRISING that there are those who 

profess to find a deep Pavlovian plot in the Soviet 
approach to its relations with the United States. While 
it is all too distressingly true that the U.S. dances 
to the Soviet tune, it goes too far to give the Russians 
credit for this. The responsibility lies with those 
Americans who cling pathetically to the belief that 
the Russians are technical incompetents without 
enough resources to finance a ten-cent telephone call. 
Every evidence of Soviet achievement therefore 
causes a spasmodic twitch which then subsides until 
the next twitch. 

The fact is that the Russians are so well along 
the road to complete domination of space that this 
nation may never catch them without true belief and 
support of its own stated objective. 

We are the ones who set the course for this race. 
We are the ones who have asserted that this is a true 
test of the technologies of the two nations. Never 
before, short of war, has one nation challenged 
another in such an expensive, demanding under- 
taking. The challenge has been accepted by a political 
system which we insist is inferior to ours, which we 
proclaim can lead people into slavery but never to the 
stars. 

We cannot back out of this race of our own 
choosing, upon which we have staked our national 
prestige. If this were not plain before, the Voskhod 
has made it plain enough now. This nation must put 
forth a tremendous effort to overtake the Russian 
lead to the lunar landing. 

If we do not, the Voskhod will have demonstrated 
more than the significant Soviet lead in space. It will 
have demonstrated that we are a nation of fools. 


William J. Coughlin 
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if you had a 34” forged ring of Inconel 718... 


Ex Cell O could vertical turn recesses and grooves into it for you, precision grind 
and mill its faces to + 0015” TIR, and electrochemically mactine its 

integral airfoil vanes within band tolerances of .004”. These operations 

ona turbine nozzle typify the broad range of machining capabilities 

available at Ex Cell-O, where technicians work with zirconium, tungsten, 
tungsten-moly, pure molybdenum, molded graphite, Udimets, plastics, steels 
and other materials. | Ex-CellO can meet your exacting specifications and 
deadlines, too, in prototype models or production quantities. | Contact your 
Ex-Cell-O Representative or write for specifics. Flight and Space Division, 
Ex-Cell-O Corporation, 1200 Oakman Blvd., Detroit, Michigan 48232. 64955 
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oreatly improved precision without precision reel cost! 


New is the SCOTCH® Brand Phenolic Hub Instrumen- 
tation Reel with these benefits: Flatter mounting surfaces, 
precise tape path centering and truer, more rigid flanges. 
All assure a smoother-running reel. And you get them 
without paying a precision price. 

Hub width tolerances are more precise, compared 
with standard reels. Tape distortion at thread- 
ing slots has been eliminated—no slots! And 
the reel is stronger. There’s also reduced dis- 
tance between the metal flanges for better 
tape “stack” in winding. And chance of tape 


edge damage during handling and storage is markedly 
reduced. New reel with the high-strength phenolic hub 
is interchangeable with NAB-type reels. And so is 
the price! 

For full information, send for new four-page descrip- 
tive folder. Of course, we'll be glad to recommend 
the “SCOTCH” Brand Instrumentation Tape 
just right for your instrumentation needs to 
use on the new reel. Write 3M Magnetic 
Products Division, Dept. MBW-104, St. 
Paul, Minnesota 55119. 


Magnetic Products Division 3m 


“SCOTCH™ IS A REG, TM OF 3M CO. 1964, 3M CO. 
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Beech “Imaginuity”’ in Missile Systems 


MACH 7, ANYONE? 


What will be the requirements for tomorrow’s missile targets? 
What are the problems in building them? Beech ‘‘Imaginuity’’ is 
already seeking—and finding—the answers. The Beech missile 
above, designed to operate at speeds above Mach 7, is just one 
example of the way Beech is exploring the future—today. 


If you want to pass this Beech missile target, 
you'd better be doing Mach 8—or better! 


Now from America’s first family of missile targets, 


comes the newest example of Beech “Imaginuity’’ 


Today’s modern air defense systems are only as effective as the 
shooting skills of the men who aim and fire them. To provide the 
realistic training needed to keep America’s air defense units combat 
ready, Beech is building and has designed an entire family of missile 
systems to accomplish a variety of missions. They range in speed 
from Mach .52 to over Mach 7, with altitude capabilities from sea 
level to over 100,000 feet. 


Two Beech missile target systems, the propeller-driven U. S. 
Army MQM-39A “Cardinal” and the rocket-powered U. S. Navy 
AQM-37A (KD2B-1), are already being produced in quantity. The 
AQM-37A is capable now of speeds above Mach 3. It gives today’s 
most advanced weapon systems a realistic challenge to their 


a Kn capabilities 
as This kind of successful experience in developing and building 
: MACH .52 entire missile systems has given Beech a head start on the future. 
We are ready now to put Beech “Imaginuity” in design, develop- 
ment, fabrication and testing to work on the even more advanced 


missile systems that will be required for tomorrow’s training and 
air defense requirements. May we tell you more? 


\ 


R&D... 


-How may we help you? To discover how the 
proven capabilities of the Beech organization can be 

quickly and efficiently put to work on your project, 
write, wire or phone Contract Administrator, Aero- 


Propulsion... 


Manufacturin 


Complex Vibration 5 ° 


Other Beech Capabilities In Systems Management Include: 


sce * 


Space Simulation... 


Management... 


space Division, Beech Aircraft Corporation, Wichita, 
Kansas 67201. Beech stands ready afiel eager to 
accept complete systems management responsibility 


for your project right now. 


eech \ Aerospace’ Diwision 


BEECH AIRCRAFT CORPORATION @ WICHITA, KANSAS 67201 
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Executives: Write today for latest illustrated folders an 


HELPING BUSINESS GROW FASTER: Only Beechcraft offers sucha com- 
plete line of planes with so much speed, range, comfort and quiet to help 
business multiply the money-making decisions that each top man can 
make. That's how thousands of Beechcrafts have paid for themselves. 


OO Beechcraft twin-engine airplanes, (] Beechcraft 
single-engine airplanes. Address Beech Aircraft 
Corporation, Marketing Services Department, Wichita, 


Kansas 67201, U. S. A. 
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It annihilates vacuum tubes, transistors, diodes, resistors, capacitors, and a host of related components. 


It is an integrated circuit — the first of its kind to be used in volume production. 

IC's like this are part of the microelectronic guidance, control, and checkout systems for the WS-133B Minuteman missile. 
They decrease size and weight, improve operational flexibility, and — most important — increase reliability 100 times 
over conventional components. 

North American Aviation/Autonetics Division was first to make use of microelectronic circuits in production-line} 
systems. In WS-133B guidance. Other inertial navigation systems. Computers. Radars. 


In doing this, NAA/Autonetics is setting a whole new standard of reliability in the electronics industry. 


North American Aviation is also a leader in nuclear energy, rocketry, aviation, life sciences, and space flight. 


North American Aviation Zs 


Atomics International, Autonetics, Columbus, Los Angeles, Rocketdyne, Science Center, Space & Information Systems 
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ELECTRONIC ENGINEERS 


IT TAKES GUTS.... 


and technical savvy... and the ability to be boss...to be a Ship Operations Manager 
with Pan Am’s Guided Missiles Range Division. 


With a launch in progress, be it missile, manned space craft, satellite or space probe, 
he repeatedly makes important, split-second decisions with the chips down. A multi- 
million dollar mission may depend on his know-how. 


These are the men who manage the instrumentation complex on each tracking ship 
along the 10,000 mile length of the Eastern Test Range. They take full responsi- 
bility for directing the real-time monitoring of vehicle performance in flight... 
using pulse and CW radar, telemetry, optics, infrared, timing, command/control, 
data encoding and transmission equipment of the latest design. They perform in- 
flight trajectory measurements, utilizing digital computers and inertial navigation 
systems. Among major programs to be supported in the future are GEMINI, MOL/ 
GEMINI B, and APOLLO. 


If you have a strong technical background in these many areas of electronics... if 
you have engineering management ability and can make the right decision under 
pressure...if you want broad exposure to the whole world of range technology, a 
springboard to even more important positions at the Cape, write in confidence to 
Manager, Professional Employment, Dept. 56 k-3, 


ss GUIDED MISSILES 
“ss RANGE DIVISION 


PAN AMERICAN WORLD AIRWAYS, INC. 
P. 0. BOX 4465, PATRICK AIR FORCE BASE, FLORIDA 
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Big Rally Il 


To the Editor: 


I enjoyed your timely and informative 
article concerning our Big Rally II Com- 
munications Systems (M/R, Oct. 12, p. 
24). Achieving opérational status in five 
months was, as you noted, a remarkable 
accomplishment. In this connection, we 
agree that the contractors involved did an 
excellent job. 

Perhaps the only shortcoming in your 
brief article was failure to acknowledge 
the work of several U.S. Air Force officers 
from Systems Command’s Electronic Sys- — 
tems Division who directly supervised the 
Big Rally II project. The difficulties in 
operating in the three countries involved, 
in many cases in remote and inaccessible 
areas, with language barriers and all the 
other inherent difficulties of foreign opera- 
tions, were largely overcome by the project 
management of three Air Force officers. 

It would certainly help the record to 
note the contribution of Lt. Col. John D. 
Crisp, USAF, Ret., who managed the proj- 
ect from the Electronic Systems Div. in its 
early stages, Lt. Col. Garland B. Hilton, 
who was the Field Manager initially and 
later took Lt. Col. Crisp’s job here at 
ESD, and finally, Lt. Col. Dewey Edwards, 
who was the Field Chief for ESD at the 
time of turnover. These three officers made 
a notable contribution to the communica- 
tions capability of the nation. 


Donald W. Roberts, Colonel, USAF 
Deputy for Communications 

Systems Management 
Headquarters 
Electronics Systems Div. 
AFSC 
Hanscom Field, Mass. 


Squashy Subject 
To the Editor: 


I’m sure I’m not the first or last to 
congratulate you on the excellent Oct. 12 
editorial (“A Bit of a Squashy Subject”). 

I don’t think any of us has the illusion 
that a military man (or a newsman) can 
be bought with a lunch or a tie pin or a 
jug of bourbon at Christmas. 

In fact, the military and newsmen that 
I know would avoid like the plague any- 
one they thought was trying to “buy” 
them. Such an attempt would assure that 
its originator would never obtain a favor 
—or even routine help. 

Henry Still 
Northrop Ventura 
Newbury Park, Calif. 


| Wandering Explorer 


To the Editor; 

Ref: M/R, Oct. 19, p. 11. 

The Beacon Explorer satellite was 
launched Oct. 9 by a Scout vehicle from 
Point Arguello, Calif.; not from Vanden- 
berg AFB, Calif., or Wallops Island, Va., 
as stated in two different items. 

Clyde J. May 
NASA-Langley Research Center 
Hampton, Va. 


Reader May is correct.—Ed. 
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ANOTHER PERFECT PERFORMANCE 
BY A ROHR ROCKET NOZZLE 


On September 30th Lockheed’s 156” diameter solid 
propellant rocket motor was fired successfully .. . 
with 30% more propellant and thrust than their first 
successful firing on May 28. The Rohr nozzle’s per- ate ee oles 
formance was of special significance because it con- Petit eons ineulation 
tained another in a series of Rohr ablative tape- Filament wound products 
wrapped, hydroclave-cured nozzle liners. Both firings Fiberglass structures 

used Rohr insulation components to line the motor 

cases. Rohr components were fabricated and delivered gp = 

to meet short Lockheed schedule requirements...only i EN SPACE 

125 days separated the two firings. This test brings we PRODUCTS 
to 12 the number of large solid booster firings and 12 ie DIVISION 
straight successes of these large Rohr rocket compo- B® 

nents. This is full reliability. This is full performance. 

For full information on large rocket component capa- 

bilities here, please write Marketing Manager, Space 

Products Division, Dept. 91, Rohr Corporation, 8200 CORPORATION 
Arlington Avenue, Riverside, California. , 
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Rohr’s Space Products 
Division offers extensive 
capabilities for 


Dawntawn Seattle, Mt, Rainier and the Space Needle 


JOIN THE FAST MOVING TEAM AT ROCKET RESEARCH 
AND LIVE IN BEAUTIFUL SEATTLE! 


We need original thinkers and men of action to pioneer 
new frontiers in rocket technology. We are looking for men 
that would enjoy living among the mountains and waters of 
Puget Sound, one of the finest outdoor recreation areas in the 
United States. 


Rocket Research Corporation has specialized in low thrust 
rockets for control of satellites and space vehicles and is now 
developing and manufacturing new types of control rockets 
with thrust ranging from 10** to 10~® Ib. 

We have immediate openings for engineers and scientists 
in our control rocket programs. Each project involves the devel- 
opment, manufacture and delivery of flight hardware, includ- 
ing the Subliming Solid Control Rocket, the Valveless Rocket, 
and the Hydrazine Monopropellant Rocket with the new Shell 
catalyst. 


Top men are also needed for the development of low temper- 
ature gas generators as well as large racket engines based on 
our high energy monopropellant. , 

For the work we have described, we need: Research Engineers 
* Test Engineers * Systems Analysis Engineers * Mechanical 
Design Engineers * Quality Assurance Engineers * Preliminary 
Design Engineers * Chemists * Physicists * Draftsmen ° 
Engineering Aides * Manufacturing Engineers * Propellant 
Technology Specialists *° Gas Generator Specialists * Materials 
and Processes Engineers * Stress Engineers. 

An advanced degree plus five years or more experience in 
rocketry is required for most positions, although there are some 
openings for new college graduates. Experience in flight hard- 
ware is desirable. We also have positions available in non- 
project work for creative scientists and analysts. 


SEND YOUR RESUME TODAY TO 


ROCKET RESEARCH CORPORATION 
611 S. Riverside Avenue, Seattle, Washington 98108 


an EQUAL OPPORTUNITY EMPLOYER 


The Countdown 


WASHINGTON 


Centaur, SA-9 Launches Held Up 


Two more NASA launchings have been delayed. The 
fourth Centaur flight—originally slated for this month— 
has now slipped to about Nov. 17. At the same time, prob- 
lems with the Pegasus Meteoroid Detection Satellite have 
forced officials to put off the Saturn SA-9 flight until late 
this year or early next. It had been scheduled for the third 
quarter of this year. 


STAFF Flight Still Possible in ‘64 


STAFF—the Stellar Acquisition Flight Feasibility pro- 
gram—took a significant step forward when it finished 
acceptance tests recently. This raises the possibility that the 
Air Force project to prove the feasibility of the stellar 
inertial guidance system could still chalk up a flight this 
year. The flight-test program, which will use six excess 
Polaris missiles, was originally scheduled to achieve its 
first flight test in early 1964. If the test vehicle, now under- 
going proof tests in the environmental chamber, success- 
fully completes this phase, a shot may yet be made before 
January. 


Fluorine Boosting RL-10 Performance 


NASA is continuing its study of the application of 
fluorine in the RL-10 engine. Certain changes in the power- 
plant have already increased its specific impulse from 425 
to 435 seconds. Use of fluorine is expected to add another 25 
seconds. 


Phoenix Is Key to Navy TFX Progress 

Development of the Phoenix (AIM-54) air-to-air missile 
for the Navy version of the TFX and its associated fire- 
control system are the pacing items in the aircraft develop- 
ment program. They are advanced versions of the AlM-47A 
missile and ASG-18 fire-control system used in the Air 
Force YF1i2A. 


U.S., Soviet To Share Mars Launch Period 


Launch window for this year’s Mariner Mars flight opens 
Nov. 4 and closes shortly after Dec. 1. While two USS. 
spacecraft will be started on their eight-to-nine-month 
journey to the planet, the Soviet Union is also expected 
to shoot probes to Mars. Thirteen previous Russian at- 
tempts to explore the planets have yielded only one partial 
success. 


JCS Presses Aircraft Penetration Study 

A Joint Task Force (JTF-2) has been established by 
the Joint Chiefs of Staff to conduct a series of tests of both 
offensive and defensive aspects of aircraft penetration. Com- 
manded by Maj. Gen. George S. Brown, USAF, the group 
is expected to have an eventual strength of 200 people. 
It will be permanently assigned at Sandia Base, Albuquer- 
que, N.M. 


Navy Moves Further into MOL Program... 


Navy has set up a field office at the Air Force Space 
Systems Div. for “implementing and executing” Navy plans 
for participation in the AF’s Manned Orbiting Laboratory 
(MOL) program. 


... And Maxwell Hints at VAFB MOL Flights 


Brig. Gen. Jewell C. Maxwell, commander of the Western 
Test Range, Vandenberg AFB, predicts that manned spacc 
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flights eventually will take place at that base. Indications 
are he is referring to MOL, since Space Systems Div. sources 
commented earlier that A/1OL may go on some polar-orbit 
missions. 


Range Commanders Pow-Wow at Cape 


Commanders and staffs of seven missile ranges are com- 
paring notes this week at a two-day (Oct. 27-28) council 
at Patrick AFB, Fla. Attending are chiefs of the Army 
White Sands Missile Range, Naval Ordnance Test Site, Air 
Force Eastern Test Range, Pacific Missile Range, Air Force 
Western Test Range, Air Force Flight Test Center and Air 
Proving Ground Center. Agenda includes a briefing on the 
AFSC National Ranges Division and discussions of inter- 
range missile ground safety, flight safety, global planning, 
communications, operations and data reduction. 


INDUSTRY 


‘Lunar Scooter’ Prepared for Testing 


North American Aviation’s “lunar scooter”’-—a one-man 
space transportation platform-——is due to be given its first 
zero-g tests in an Air Force C-135 at Wright-Patterson AFB 
in about two weeks. It’s a low-thrust jet-lifted device some- 
what resembling ducted-fan flying platforms the Navy has 
studied for use on Earth. In the Wright-Pat tests, ski boots 
and bindings will be used to tie the operator’s feet to the 
platform, which he will steer with his ankle muscles. Earlier 
Earth-gravity tests employing a compressed-air jet fed by 
umbilicals have indicated that the scooter is easier to con- 
trol than earlier ducted fans, which the operator controlled 
by shifting his weight on hand-rails. 


LEM Engine Passes Early Testing 


TRW Space Technology Laboratories reports success- 
ful high-altitude tests of its Lunar Excursion Module (LEM) 
descent engine at the firm’s new Capistrano test site in 
southern California. On its third test, engine ran for 136 
secs. and throttling range was extended from 100% to 
10% of maximum thrust. Engine is being developed under 
a parallel program for Grumman, LEM prime contractor. 
STL’s concept uses variable area, coaxial injector and cavi- 
tating venturi flow control valves to achieve thrust varia- 
tion over 10 to 1 range. 


Aerojet May Meet West Coast Reaper Gap 


Aerojet-General Corp. may undertake the development 
and manufacture of harvesting machines, as a diversifica- 
tion move and to help meet a threatened farm labor shortage 
in California. R. H. Dow, manager of the company’s Test 
Instrumentation Div., told a meeting of state legislators re- 
cently that a recommendation will be made soon that Aero- 
jet proceed with plans for such a program. Dow was among 
several witnesses who testified at the gathering, which con- 
sidered solutions to a farmhand shortage expected to de- 
velop after Dec. 31, when importation of Mexican laborers 
becomes illegal. 


INTERNATIONAL 


Japanese Eyeing Redeye 

Another boost for the Redeye program (see p. 10) is the 
anticipated visit of two Japanese missions interested in pro- 
curing the system for their Ground Self-Defense Force. The 
Japanese have expressed a desire to visit the Redeye produc- 
tion facilities at General Dynamics/Pomona. The Japanese 
are also interested in a Swiss surface-to-air missilc. 
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The Missile/Space Week 


DCA To Employ Titan Ill-C 


The initial Defense Communica- 
tions Satellite Program will use the 
Titan III-C launch vehicle to place 
six to eight satellites into a quasi- 
synchronous equatorial-plane orbit 
at an altitude of 19,500 mi., Rear 
Admiral Francis E. Boyle, Deputy 
Director of the Communications 
Satellite Project Office in the De- 
fense Communications Agency, has 
told the National Space Club. 

DOD has thereby openly rejected 
the Holifield subcommittee report on 
defense communications _ satellites, 
which strongly recommended that 
the Defense Dept. use the Aflas- 
Agena as launch vehicle for its com- 
munication satellites. 

Adm. Boyle described the launch- 
ing of military comsats by saying 
that after the transtage carries a 
payload to altitude, a ‘“‘retro-thrust 
engine” will give each satellite a 
differential velocity as it is dispensed 
from the carrier. Using this tech- 
nique, the satellites will slowly ex- 
pand their orbits to form a circular 
plane giving satisfactory Earth cov- 
erage between 70-degree latitude 
parallels. By controlling the velocity 
differentials, this coverage will exist 
for a period of about one-and-a-half- 
years before a gradual conjunction 
of the satellites occurs, Adm. Boyle 
explained. 


ComSat Seeks Consultant 


The Communications Satellite 
Corp. has invited 15 firms to compete 
for a ground station design and op- 
eration consultant role similar to one 
assumed some two years ago by In- 
ternational Telephone and Telegraph 
Corp. for the Defense Communica- 
tions Agency. 

Three of the 15 firms, however, 
are already contesting ComSat’s 
pending claim for exclusive owner- 
ship of the first several ground sta- 
tions. ComSat has filed a defense of 
its claim with the Federal Communi- 
cations Commission. 

Firms receiving the invitations 
are: American Telephone and Tele- 
graph, Bendix Corp., Collins Radio, 
General Electric, Hughes Aircraft, 
International Telephone and Tele- 
graph, Page Communications, Philco, 
Radiation, Inc., RCA, Raytheon, 
TRW Space Technology Laboratories, 
Sperry Rand, Sylvania and Westing- 
house Electric. 

AT&T, ITT’s Inteleom subsidiary 
and RCA have told the FCC they 
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oppose giving ComSat exclusive 
rights to build and operate the first 
ground stations. 

The company ComSat contracts 
with for the consultation services will 
be barred from providing actual sta- 


tion hardware, as was Intelcom in the -° 


DCA agreement (M/R, Sept. 24, 
1962, p. 13). 


Shillelagh, Redeye Score 


Two Army missile systems, Shil- 
lelagh and Redeye, have enhanced 
their records with recent successful 
test firings. The Redeye launch re- 
sults boosted hopes for FY ’66 fund- 
ing for the program, while the Shil- 
lelagh firings were described by 
prime contractor Philco Aeronutronic 
Div. officials as “the acid test” for 
the missile. 

The shoulder-launched Redeye 
anti-aircraft missile scored a direct 
hit Oct. 7 on a jet-powered drone fly- 
ing at 421 knots at China Lake, Calif. 
General Dynamics/ Pomona is prime 
contractor for the weapon, which 
scored a partial success in firings two 
weeks earlier (M/R, Oct. 5, p. 16). 

The program has been operating 
on limited funds since Congress cut 
$19 million from the Army FY ’65 
request for the system, and slashed 
another $10.5 million in FY ’65 Ma- 


- rine Corps Redeye money. 


The Shillelagh scored hits on both 
stationary and moving targets in late 
September and early this month at 
White Sands Missile Range, N.M. 
The anti-tank missile was fired by 
troops from Ft. Knox, Ky., who had 
no previous experience with the sys- 
tem. 

Shillelagh has been approved for 
production in the Army’s FY ’65 
budget. These most recent tests came 
after a four-month conditioning pe- 
riod during which the missile was 
subjected to extremely hot and ex- 
tremely cold temperatures, as well as 
special vibration tests. 


DOD ‘Standards’ Hit 


Two major military associations 
have condemned the recent DOD 
Standards of Conduct Directive in 
open letters to Secretary of Defense 
Robert S. McNamara. 

Both the American Ordnance As- 
sociation and the Air Force Associa- 
tion accused defense officials of im- 
pugning the integrity and judgment 
of the department’s military and ci- 
vilian personnel. 


Gen. Arthur G. Trudeau, USA 
(Ret.), AOA president, wrote to 
McNamara, “We regret that you 
found it necessary to impose such 
stringent regulations in your recent 
amendment to the DOD Standards of 
Conduct Directive.” 

AFA president Jess Larson, a ma- 
jor general in the Air Force reserve, 
questioned the wisdom and propriety 
of “tarring the many innocent with 
the brush that is meant for the guilty 
few.” 

Larson noted that President 
Johnson in a recent speech to the 
students at the National War College 
had said “there is a strong mutual 
confidence between military men and 
civilian political leaders.” 

If the Standards of Conduct Di- 
rective had been in effect when the 
President made that speech, Larson 
said, the President would have been 
compelled to add “except in the De- 
partment of Defense.” 


Sea Launches Set for IQSY 


NASA will launch 40 or more 
scientific experiments from a sea- 
going converted aircraft transport 
during a three-month expedition 
next year. 

The launches will be part of the 
sounding rocket program being con- 
ducted during the International 
Quiet Sun Year, 1964-1965. Solid- 
fueled Nike-Apache and Nike-Cajun 
sounding rockets will carry the ex- 
periments to areas of the upper 
atmosphere and ionosphere that can- 
not be reached by land-based rockets. 
Arcas and Hasp weather rockets will 
also be fired from the transport. 


DOD Briefings On Again 


The series of advanced planning 
briefings for industry, scheduled for 
September and October and then can- 
celled by the Dept. of Defense, have 
been reset for March and April, 
1965. 

First of the series of unclassified 
briefings, sponsored by the National 
Security Industrial Association, will 
take place in Los Angeles March 3-4. 
It will be followed by sessions in 
New York City, Chicago, Dallas and 
Washington, D.C. 

The previously scheduled sessions 
were cancelled when the Pentagon de- 
cided that holding the briefings in 
the pre-election months might be con- 
strued as “partisan activity.” 

Objective of the briefings is to 
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provide business, industry and labor 
with a picture of DOD’s long-range 
development needs and to assist in- 
dustry in planning for and seeking 
defense contracts. 


Shots of the Week 


Japanese and American scientists 
used a Javelin Argo D-4 sounding 
rocket to carry 125 lbs. of scientific 
payload to 521 miles altitude Oct. 19 
from Wallops Island, Va. The devices 
sent aloft were to measure electron 
and ion temperatures and densities. 

® Britain successfully launched 
its second Blue Streak booster from 
Woomera, Australia, Oct. 20. The 
flight was apparently a complete suc- 
cess. The earlier shot in July fell 
short of its intended altitude because 
of a premature engine shutdown. A 
third firing of the rocket, which is to 
serve as the first stage of the Euro- 
pean Launcher Development Organi- 
zation vehicle, is now set for next 
March. 

@® NASA on Oct. 21 fired an As- 
trobee 1500 sounding rocket 1,212 
miles into the sky above Wallops Is- 
land, Va. The shot carried with it 
instruments for a variety of scientific 
tests. 


Astor Follow-On Open 


Six firms are bidding for follow- 
on production of the Astor Mark 45 
antisubmarine torpedo. However, the 
Bureau of Naval Weapons refused to 
identify the companies seeking to 
win the follow-on contracts. 

Westinghouse until now had been 
developing the nuclear torpedo and 
no matter who wins the production 
contract itself, Westinghouse will re- 
tain design cognizance of the overall 
Astor program. 


Arnold Moves to West Coast 


The USAFS Gen. H. H. Arnold, 
in service on the Air Force Eastern 
Test Range since mid-1963, will be 
shifted to the Pacific Ocean late 
this month. 

The Gen. Arnold will serve as a 
primary tracking ship of the Air 
Force Western Test Range for mis- 
sile and space programs launched 
from Vandenberg AFB. The ship 
will supplement instrumentation on 
the Pacific range. 


USS Ricketts Displayed 


Secretary of State Dean Rusk 
has called the USS Claude V. Rick- 
etts—the mixed manned demonstra- 
tion ship for the multilateral foree— 
“tangible evidence” of U.S. inten- 
tions to pursue the MLF concept. 
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A visit of the Ricketts to Wash- 
ington last week was in formal rec- 
ognition of “a promising venture in 
alliance military unity.” The guided 
missile destroyer visited Washing- 
ton to provide an opportunity for 
representatives of the seven partici- 
pating NATO countries to observe 
the current status of the demonstra- 
tion ship. 

Of the 18 officers and 316 enlisted 
men, there are included personnel 
from the navies of the United States, 
Federal Republic of Germany, Greece, 
Italy, Turkey, the Netherlands and 
the United Kingdom. 

Secretary Rusk reaffirmed U.S. 
determination to push the MLF con- 
cept of 25 surface ships each armed 
with eight Polaris missiles. With the 
exception of West Germany, most 
of the nations of NATO have been 
lukewarm to the proposal and only 
recently the MLF was dealt another 
blow with the election of a Labor 
government in Britain. 


SA-9 Parts Head for Cape 


The barge “Promise” is en route 
to Cape Kennedy with the SA-9 first- 
stage Saturn booster and instrument 
unit. It is due to arrive Oct. 30. 

The S-IV second stage was sched- 
uled to be flown from the West Coast 


to the Cape during the past week- 
end. 

A boilerplate Apollo Service Mod- 
ule will be flown Nov. 12 from Mar- 
shall Space Flight Center to Cape 
Kennedy. The boilerplate Apollo 
Command Module to be used on the 
flight is already at the launch area. 


Defense Spending Falls 


Defense spending for the first 
three months of Fiscal Year 1965 
fell $700-800 million below the 
spending rate of the first three 
months of Fiscal ’64, Secretary of 
Defense Robert S. McNamara has 
revealed. 

The reduced defense spending 
was largely responsible for the over- 
all $41-million saving in government 
expenditures during the first three 
months of the current fiscal year. 
The difference between the DOD 
saving and the overall government 
figure was largely dissipated by mili- 
tary and civilian pay raises which 
became effective during this period. 

In discussing the Fiscal ’66 
budget, McNamara last week de- 
clined to say whether it would be 
lower than this year’s $51.2 billion 
figure. He did say, however, he felt 
confident that defense spending 
would take a decreasing percentage 
of the Gross National Product. 


JET DELTA 


to key space centers 


= The only Jets between California 
and Atlanta-Orlando/Cape Kennedy 
u 15 Jet flights every day between 
Dallas and California 
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® No lower Southern Airways-to-Jet 
tourist fares between Huntsville and 
California than on Delta! 

= Deluxe and tourist on every flight 


You'll remember “how pleasant’ long after you’ve forgotten“how fast.” 


Call Delta or see your Travel Agent 
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Another fuel cell application/success report from Allis-Chalmers: — 


World's first fuel-cell 


July, 1964, Groton, Conn.: Star | — a one-man test 
and research submarine — was successfully oper- 
ated both submerged and on the surface. An 
Allis-Chalmers 36-volt fuel cell produced 750 watts 
to power the vessel’s electric drive motors, com- 
munications, navigation, life support and lighting 
equipment. 


Star | — owned and operated by General Dynam- 
ics/Electric Boat Division — was powered by an 
Allis-Chalmers fuel cell system. It is a nine-foot-long, 
teardrop shaped 2,500 Ib. submarine. A-C and 
Electric Boat Research engineers teamed up to suc- 
cessfully adapt fuel cell power to the submarine. 
Purpose: to extend the vessel’s capabilities beyond 
those of conventional storage battery power. 

In effect what the fuel cell has demonstrated was 


COWERED BY 


5 
CHALMERS | 


operated submarine! 


to double the Star I’s endurance time. Previously 
batteries lasted up to 4 hours and required 8 hours 
to recharge. In the fuel cell, endurance is measured 
by the quantity of fuel and oxidant aboard and only 
five to ten minutes are sufficient to change to a 
fresh supply of hydrazine (the fuel) and oxygen 
(the oxidizer). 

And this new Allis-Chalmers fuel cell application 
follows on the heels of A-C’s 14 Ib. hydrogen-oxygen 
fuel cell developed for the Air Force. This cell quali- 
fied for orbiting. It’s scheduled to produce electrical 
power for systems aboard aerospace vehicles. 

May we discuss your aerospace or defense fuel 
cell application? TELEPHONE AREA CODE 414-774- 
3600, EXT. 491, ALLIS-CHALMERS, Box 512, 
Milwaukee, Wis. 53201. A-1939 


ALLIS-CHALMERS 


Quick summary: 
Tipmcom pace aitts: ALLIS-CHALMERS FUEL CELL 


Chalmers fuel cell is 

ready for lowering into FIRSTS 

the non-pressurized re 

glass fiber fairing FIRST 

behind the STAR I's ... in a land vehicle, a 15-kw 
four-foot spherical tractor 

pressure hull. 


A . to successfully pass zero 
gravity tests, Wright Patterson 


... “qualified for space’’ fuel cells 
In July, 1964, the for the Air Force....March, 1964 


9-foot long STAR I, FIRST 

powered by A-C fuel . .. to power an underwater 
cells, operated suc- vehicle July, 1964 
cessfully both sub- 


mcreed and on the FUEL-CELL design for Aerospace and Hydro- 

surtace. space applications is but one of the opportuni- 
ties open today for qualified scientists and 
engineers at Allis‘;Chalmers. For information 
concerning employment write to: Manager of 
Professional Placement, Allis‘;Chalmers, Mil- 
waukee, Wisconsin 53201, 
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In Seamans interview... 


Post-Apollo Programs Detailed 


Says Air Force MOL and Apollo-X do not compete; 
program definition for latter will be in FY ‘66 budget 


DR. ROBERT C. SEAMANS, JR., 
NASA’s general manager, has detailed 
the agency’s plans for post-A pollo space 
programs, including program-definition 
of the Apollo-X spacecraft in the FY 
66 budget. 

The agency’s associate administra- 
tor, in an interview with MISSILES AND 
Rockets, also declared that a NASA 
space station with a six-month to one- 
year lifetime will not receive hardware 
funding until the 1970's. 

He declared that the Air Force’s 
Manned Orbiting Laboratory (MOL) 
program does not compete with A pollo- 
X. “MOL is important for the military 
as a method of determining what oppor- 
tunities there are for men in space. It 
is not suitable to fulfill NASA require- 
ments to gain scientific knowledge,” he 
said. 

Dr. Seamans stressed that all of the 
agency’s plans are contingent upon 
coordination with the Defense Depart- 
ment, and approval of the Space Coun- 
cil, Budget Bureau, and ultimately, the 
President. 

@ Three broad categories—He de- 
clared that NASA’s space program can 
be broken down into three major areas, 
including: 

—Approved programs calling for 
Earth orbital flights of one to two weeks 
with the Gemini and Apollo spacecraft, 
and rendezvous, circumlunar and lunar 
landing missions. 

—The second phase, which will in- 
volve continued utilization of existing 
systems but with extended capability. 

—The third phase, which calls for 
involved advanced projects using major 
new development programs. 

® Phase II detailed—Much of the 
second-phase follow-on program will be 
initiated in the budget that will go to 
Congress in January. 

In general, this phase will include 
Earth-orbit flights of one to two months; 
polar orbit missions; manned syn- 


14 


by Hal Taylor 


chronous flights to study radiation; new 
life-support equipment and power sup- 
plies capable of supporting long-dura- 
tion missions; lunar mapping; rendez- 
vous flights for in-orbit inspection and 
repair; extending astronaut stay time on 
the Moon by using existing systems; 
unmanned exploration of Mars with 
the heavy Mariner and Voyager space- 
craft. 

In terms of specific projects, the 
second phase will involve, according 
to Dr. Seamans, the initiation of detailed 
design and project definition in FY ’66 
of the Apollo-X spacecraft. He also de- 
clared that there will be some hardware 
funding. of certain of the spacecraft’s 
systems and sub-systems. 

“While our plans call for an early 
start,” he said, “it must be recognized 
that the plans and schedule for this proj- 
ect will depend upon the progress made 
in existing approved programs.” 

Turning to extended lunar explora- 
tion, he said there is a possibility that 
the so-called unmanned Lunar Excur- 
sion Module truck spacecraft will also 
go to the program-definition phase in 
FY ’66. This will depend upon current 
studies of its technical feasibility. The 
spacecraft, which would be the Apollo 
spacecraft’s Lunar Excursion Module 
minus the equipment and life-support 
system needed for manned flight, would 
be used to carry the supplies required 
to support extended manned lunar ex- 
ploration. 

Unmanned exploration of Mars in 
the second phase will begin with a 
heavy 7,000- to 9,000-lb. Mariner 
spacecraft in 1969. The best bet for 
the launch vehicle now appears to be 
the Saturn IB/ Centaur combination. Al- 
though admitting that the vehicle has 
about the same payload capability as 
the Air Force’s Titan III, the NASA 
officials said that funding in FY ’66 
is currently under review. He said that 
adding a third stage to the Saturn IB 


appears to be a logical extension of its 
capability and the chances of approval 
are good. 

The Voyager spacecraft—which ini- 
tially will also be launched by the 
Saturn IB/Centaur combination—will 
be funded in FY ’66. Dr. Seamans said 
that it will involve a series of missions 
including orbiting flights around Mars, 
ejections of capsules into its atmosphere 
and the landing of a capsule on the 
surface of the planet. 

@ Phase III farther away—A start 
on NASA’s planned third-phase pro- 
gram is much farther down the road. 
The advanced projects phase will in- 
clude space stations with a six-month 
to one-year lifetime and with a re- 
supply capability, Mobile Laboratory 
(MOLAB) for extended lunar explora- 
tion leading to a lunar base, post- 
Saturn-V launch vehicles, recoverable 
boosters and lifting body re-entry ve- 
hicles. 

All of these, he said, will involve ma- 
jor new developments and there will be 
no hardware funding available for them 
until the 1970’s. He added that there is 
a possibility that some subsystem or 
component work will be started before 
that period. 

In discussing other elements of the 
U.S. space program, Dr. Seamans also 
said that: 

—The agency still plans to have its 
detailed report on its future space pro- 
gram in the hands of the President in 
time for it to be meshed in with the 
FY °66 budget planning. 

—High NASA officials are not con- 
vinced that the uprating of the Saturn 
IB and Saturn V booster stage is neces- 
sary. It is unlikely that any work will 
be started on the projects in FY 66, but 
such a possibility is not ruled out com- 
pletely. 

—NASA development of a fluorine 
engine will not occur until at least FY 
67. a 
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In DOD reply to GOP... 


New Missiles Get ‘Left-Handed’ Okay 


Sylvester response to McElroy group’s criticism is first 
indication to Air Force, Navy that systems had been approved 


A POLITICAL EXCHANGE be- 
tween the Defense Dept. and the Repub- 
lican Task Force on “Peace Through 
Preparedness” has turned out to be a 
program-approval document for three 
major weapons systems, much to the 
surprise of the Air Force and Navy. 

In replying to the committee, com- 
posed of former military and defense 
officials and headed by former Secretary 
of Defense Neil H. McElroy, Assistant 
Secretary of Defense for Public Affairs 
Arthur Sylvester gave the Navy and the 
Air Force their first indication that 
DOD had approved three new weapons. 
The three are: 

—SRAM, described as an air-to- 
surface missile. 

—Extended Range Asroc, an anti- 
submarine missile. 

—ARM I, an anti-radar missile. 

These were included in ‘a laundry 
list” of programs “initiated during 1961- 
1964.” The two services were embar- 
rassed and unable to supply any further 
details on the three systems until they 
“can check with the Defense Dept. and 
see what else could be said.” 

In the case of SRAM, the Air Force 
had forwarded a program package to the 
Directorate of Defense Research and 
Engineering. However, until Sylvester’s 
statement, it had not received notifica- 
tion that funds had been provided for 
the program. As MISSILES AND ROCKETS 
went to press, the service still had not 
Teceived an “official” go-ahead for the 
air-to-surface missile. 

Questioned regarding the two Navy 
programs, officials declined to go beyond 
the Sylvester statement. 

®@ Missile descriptions—SRAM is a 
defense suppression weapon for use on 
strategic bombers. The original concep- 
tion envisioned the use of such a missile 
on the Advanced Manned Strategic Air- 
craft. However, this program has not 
been approved and is a source of con- 
siderable controversy in the Defense 
Dept. and in the Presidential election 
campaign. SRAM has been adopted, 


missiles and rockets, October 26, 1964 


by James Trainor 


therefore, as additional armament for 
the B-52. 

Such a missile probably would be 
carried in addition to the Hound Dog 
missiles already aboard B-52’s. SRAM 
could be used, as the name implies, for 
destruction of enemy air defenses in the 
penetration corridor. Hound Dog, in 
contrast, would be used as a stand-off 
weapon so that the attacking aircraft 
would not have to fly over heavily de- 
fended areas. 

Extended Range Asroc is a Navy 
program to extend even further the dis- 
tances at which a surface ship can en- 
gage in destroying anti-submarines. Like 
its predecessor, the Extended Range ver- 
sion most likely would carry Mark 44 
or Mark 46, Mod 0 or Mod 1 torpedoes 
or a nuclear depth charge. Range of the 
present Asroc varies from 1,800 yards to 
8 n. mi. The new version probably would 
at least double this maximum range. 

Navy officials told M/R earlier this 
year that such a range increase could be 
achieved solely through the use of im- 
proved propellants. Parenthetically the 
Navy is developing a version of Asroc 
that can be fired from carrier launchers. 
However, this is basically just a modifi- 
cation of the Terrier rail launcher to 
accept an anti-submarine weapon. 

ARM 1 is an anti-radiation missile 
designed to home on the electromagnetic 
signals from defense of radars. Al- 
though the program has been and re- 
mains shrouded in secrecy, it appears 
to be a more advanced version of Shrike 
—probably as armament for the F-111B 
(TFX) and the A-7A (VAL) aircraft. 

This missile would no doubt be able 
to handle a wider range of frequencies 
and be smaller and lighter than Shrike, 
which basically was an adaptation of 
Sparrow Ill for the anti-radiation mis- 
sion. 

® McElroy report—The Republican 
Task Force charged that “there are in- 
creasing and deeply disturbing indica- 
tions that the present Administration has 
for four years neglected and stifled in- 


novation, thwarted origination of new 
systems and cancelled promising proj- 
ects.” 

To support this charge, the Task 
Force included a box score of missiles 
and aircraft developed during the Eisen- 
hower years as opposed to those devel- 
oped during the Kennedy-Johnson 
years. The score, according to the com- 
mittee, stands at an impressive 57 for 
Eisenhower to 8 for Kennedy and 
Johnson. 

Sylvester criticized the report as “an 
inaccurate picture of this nation’s mili- 
tary research and development policies 
and programs,” Citing specifically the 
charts in the McElroy report, he said 
that they are “typical of the inaccurate 
information” in the report. He pointed 
out that these charts compared the three 
years of the present Administration to 
the eight years under Eisenhower. In an 
attached list he provided “some of the 
omissions and mistakes made in the 
chart.” It was in this attachment that 
Sylvester revealed that SRAM, Extended 
Range Asroc and ARM I had been “ini- 
tiated.” Among the other projects he 
listed were Counter Insurgency (COIN) 
aircraft, the SR-71, the RF-4C (a tacti- 
cal reconnaissance aircraft), Minuteman 
Il, Nike-X, Walleye, Polaris A-3 and 
the XC-142 (an experimental vertical 
take-off/landing aircraft). 

Among the mistakes in the report, 
Sylvester listed six aircraft and one heli- 
copter that had been developed either 
by private industry or, in one case, a 
foreign government. He also claimed 
credit for the MAZRBM, which he said 
was not started until 1962. 

Members of the Task Force, in addi- 
tion to Mr. McElroy, included former 
Sen. Prescott S. Bush (R-Conn.), Rep. 
Gerald Ford (R-Mich.), Wilfred Mc- 
Neil (former comptroller of the Defense 
Dept.), Adm. Arthur Radford (USN) 
Ret., and Gen. Nathan F. Twining 
(USAF) Ret. The latter two were both 
chairmen of the Joint Chiefs of Staff 
in the Eisenhower Administration. ™ 
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A Special M/R Feature— 


Views of the Presidential Candidates 
On the Future of the U.S. in Space 


President Johnson stresses values of broad international cooperation; 
Senator Goldwater would work first with Allies, ‘balance’ Moon program 


IN THE YEARS of office of our next President—whether 
he be Lyndon B. Johnson or Barry M. Goldwater—the United 
States will take fateful steps in the areas of space exploration 
and defense. 

On these pages, MISSILES AND ROCKETS presents state- 
ments by both candidates on some of the issues involved in 


President Johnson 
Briefing on Ranger VII Mission, Aug. 1, 1964 


want to say, before you conclude, that all Americans are 


very proud of you today. We are proud of this historic 
extension of man’s knowledge. We are proud of our scientists, 
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space and defense. President Johnson’s remarks are excerpted 
from recent speeches and messages, since the White House 
has established a policy during the campaign of not prepar- 
ing specific statements for individual publications. Senator 
Goldwater prepared his statement in direct response to a 
request from M/R. 


Senator Goldwater 


JN many areas of research and development, the Federal 

Government has spent great sums of the taxpayers’ money. 
I do not argue that these sums should be either increased or 
decreased as a general proposition. In some areas, clearly they 
may be increased advisedly—in other areas, great economies 
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our engineers and all the great team under the leadership of 
one of the greatest of all Americans, Jim Webb, who are 
responsible for this success. We can be duly proud of our 
free and our open society, our system of government. 

We started behind in space. We were making many 
apologies just a few years ago. We had our failures, but we 
kept our faith in the ways of freedom, and we did not follow 
the easy or the inexpensive course. 

We know this morning that the United States has achieved 
fully the leadership that we have sought for free men. But 
we do not claim this as an American triumph alone. 

@ International cooperation—In the brief period of time 
that I have occupied this office of the Presidency, I have 
visited with the leaders of many countries—more than 25, 
and less than 50, some 30 of them—big countries and small 
countries, densely populated peoples, sparsely populated re- 
gions, but I have found a deep and exciting interest among 
all these leaders in cooperating with us and extending their 
hands to us to supplement the work that we are doing. I thank 
them for their tracking stations. I thank them for their joint 
participation with us. We have considered this adventure a 
truly peace weapon, rather than a military might. 

I think we can say this morning that this is a victory for 
peaceful civilian international cooperation in this hour of 
frustration, when so many people are getting upset at some 
minor disappointments. I think we can all take great pride 
in this development. More than 60 countries all around the 
world work for us and work for peaceful progress and work 
for peaceful uses of outer space. It is good to learn from this 
event that we are on the right course. We know that if we 
can continue on that course, and if you great scientists— 
most of whom know no party and no political allegiance, 
and who are concerned with freedom first and America 
second—if we continue to give you support without any 
tinge of partisanship, you will give us the leadership and 
ultimately the supremacy in an area that is essential to the 
prolongation of civilization itself. 

If we could only supplant the fear and the hate, the bitter- 
ness and the division, the poison and the venom that our 
fellow man contains, with the hope and the optimism and 
the achievements represented by this venture here, how 
much better our world will be for ourselves, our children, 
and our grandchildren. 

@ Defense dividends—I want to say this in conclusion. 
In this century in which we live, ali my life we have been 
either preparing for war or fighting a war or protecting our- 
selves from war. When I grew up as a kid, one of my first 
real memories was hearing the powder go off on an anvil 
on Armistice Day. I remember the terror that flowed from the 
sinking of the Lusitania. I remember seeing the boys comc 
marching home, and the welcome we gave them in our little 
school house. I remember leaving, the day after I voted, to 
go to Pearl Harbor and crossing the Pacific, and later the 
Atlantic, and all the men who gave their lives to win in World 
War II. 

I have seen the billions and billions of dollars we have 
spent in the 17 years since that war to protect western civiliza- 
tion. Now I think it is the most powerful nation in the world, 
and I would remind you that we spent $30 billion more in the 
last four years on defense alone than was being spent four 
years ago. We were spending about $42 billion a year then, 
and we are spending $51 billion now. So $7.5 billion extra 
a year for four years is $30 billion. That has bought a good 
many more missiles, and that has bought a good many more 
combat-fit men. That has bought a good many more anti- 
submarine weapons, and it has bought a great deal more 
research. 

@ Spinoff—But now, today, as the most powerful nation 
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are possible without harm to the essential programs. 

Today the greatest dollar amount in governmental re- 
search is spent in the effort to place men on the Moon. On 
the space program alone, we are spending about $5 billion 
each year in spite of negative advice from our leading scien- 
tists. There is inspiration in lifting our eyes and hopes to the 
stars, but a more balanced program and one much more care- 
fully considered than has been the case in the past four vears 
is urgently required. 

@ Priorities—Man should indeed explore the Moon, but 
I see no good reason why we must incur the large unneces- 
sary expense of a crash program. The first man on the Moon 
will probably not gain for us any vital military advantage. 

Rather than racing to send a man to the Moon, we can 
and we should send more instruments. Man will and should 
follow. But we ought to get to the Moon to collect facts and 
not to impress the world by our extravagance with money 
and talent. 

The great enterprise of exploring the Moon and the plan- 
ets is not a job for America alone. It is rather an area for 
international cooperation. Effective cooperation can be car- 
ried out if the task is divided, and responsibility is allotted 
in an effective manner. But in such cooperation, I would give 
first priority to joint work with our Allies—the advanced free 
democracies—rather than with the Communist nations. It 
is with our Allies that maximum advantage can be obtained 
from the free exchange of ideas. 

It is a mistake to attempt international cooperation in 
every instance as we have been doing, by first inquiring 
whether the men in the Kremlin deign to cooperate with us. 
They have said often and clearly that such cooperation is sub- 
ject to their long-range goal of world mastery and the de- 
struction of free governments. 

Travel to the Moon and to the planets is a wonderful 
prospect, but it is also a distant prospect. We shall not achieve 
this goal unless we make full use of the small but powerful 
packages of energy that reside in the atomic nucleus. Today, 
the Administration is evidencing no enthusiasm on means 
for atomic space travel. Yet the imaginative use of atomic 
energy may prove to be the key that unlocks the way to the 
stars. 

If we pursue the goals of exploring outer space in an 
imaginative and yet orderly way; if we work with those who 
will work with us in full cooperation and frankness; if we 
put the less difficult goals first and let the more difficult ones 
follow—then, indeed, the expense of the space program to 
the United States can be very greatly reduced without sacri- 
ficing the long-range scientific objectives. This is but one ex- 
ample of how great economies can be achieved. 

@ Near space—The exploration of space in the imme- 
diate neighborhood of our planet has a much more direct 
bearing on our safety. The recent launching of the large 
manned Soviet satellite clearly emphasized this fact. And it 
is here that we have permitted them to surpass us. Commu- 
nications, surveillance of the globe and weather observations 
are among the early fruits of this work, and more effort 
along these lines will have to be supported. In an uneasy 
world divided by the Iron and Bamboo Curtains, surveillance 
from satellites can be made a bulwark of peace and a source 
of desperately needed information and warning for us. Pres- 
ident Eisenhower proposed the “open skies” policy even be- 
fore the skies were opened by the satellites. Today we develop 
the open skies policy into a reality which can serve the se- 
curity of all peaceful nations. 

The freedom of space is as important to us today as the 
freedom of the seas has been to our fathers. 

The scientific ingenuity of man should be directed not 
only toward the prevention of war but dedicated to the im- 
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in the world, why do we have satisfaction from that? Not 
just because it protects our scalps and allows us to sleep at 
night knowing that we are safe, but it gives us the opportunity 
to enjoy the fruits of this society and to develop this land, 
not just with parks and recreational areas, highways and 
swimming pools, things of that kind, but all the blessings that 
are going to flow from these scientific discoveries and 
achievements. Hundreds of lives, millions of dollars were 
saved in Hurricane Carla in my state alone because they 
gave them hours of advance notice to get ready. “This is 
coming, and your lives are going to be snuffed out if you 
don’t get out of the way.” 

They rode bumper to bumper for dozens of miles getting 
out of there, 48 hours before it hit. That is what it means 
to you and to your neighbors. 


Our military muscle has grown while budgetary fat has 
been trimmed away. 

We are the richest Nation in the history of the world. We 
can afford to spend whatever is needed to keep this country 
safe and to keep our freedom secure. And we shall do just 
that. 

But we cannot afford to spend one dollar more than is 
absolutely necessary because we have other needs to meet 
with those dollars—public needs and private needs. 

Address at a DOD ceremony observing 
Cost Reduction Week, Pentagon, 
July 21, 1964 


I can tell you with positive assurance that your country 
has never been stronger militarily than it is at this hour. I can 
tell you without the slightest fear of contradiction that for 
the next months that I am going to be in this office, we are 
determined to keep it that way. We are always going to keep 
our guard up but our hand out, searching for some way to 
avoid a nuclear holocaust. We are determined that no nation 
shall ever exceed us in preparedness and none shall ever 
exceed us in the pursuit of honorable peace, for we shall keep 
both our reason and our readiness at all times. 

Address to the U.S. Chamber of 
Commerce, Washington, D.C., 
April 27, 1964 


The U.S. space program is designed to maintain our posi- 
tion of leadership in the Free World. Cooperating with other 
nations in many areas of space technology and pressing for 
ever-widening participation and distribution of space bene- 
fits, the U.S. has led the world effort in this area. It is in the 
national interest—economically, technically, scientifically, 
militarily and internationally—to carry this program forward 
in an accelerated fashion so that the U.S. will obtain for man- 
kind every one of its many benefits as soon and as efliciently 
as possible. 

Report to Congress 
January 27, 1964 


To preserve and protect our vital national interests in 
these recent years of uneasy peace, this Nation has invested 
heavily in the improvement of its defenses. We have chosen 
not to concede our opponents supremacy in any type of po- 
tential conflict, be it nuclear war, conventional warfare or 
guerrilla conflict. We have now increased the strength of our 
forces so that, faced with any threat of aggression, we can 
make a response which is appropriate to the situation. With 
present forces and those now planned, we will continue to 
maintain this vital military superiority. 

Budget Message for FY 1965 
January 21, 1964 
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provement of the peaceful conditions in which we live. Look- 
ing Earthward from the satellites, we have begun to observe 
the clouds which shroud the globe. We can now measure the 
precise state of the atmosphere over the continents and over 
the oceans. In the foreseeable future, this will lead to better 
prediction of weather and, quite possibly, to the modification 
of weather on a local or on a global scale. Its beneficial effects 
on agriculture suggest an enterprise of such dimension that it 
cannot be undertaken by any organization less than the Gov- 
ernment. a 

If we focus our attention first on that part of space in 
which our own Earth is orbiting, we can reap the greatest 
and most important benefits and insure our own security. 
We can then penetrate into more distant space under less 
pressure to make haste. Whether greater knowledge is to be 
brought to the Earth from outer space or is to be discovered 
in the microcosm of the atom, such knowledge in due course 
will influence our daily lives, our well-being and our security. 
I pledge that I will encourage the pursuit of knowledge in its 
pure as well as in its applied aspects, and this with Govern- 
ment support whenever Government support is clearly nec- 
essary and appropriate. The case of atomic energy is in point. 

e Atomic potential—In putting the atom to work, we 
have been influenced more often by fear than by the thirst 
for knowledge. We have allowed the great developments of 
the peaceful uses of nuclear explosives to languish in the 
vain hope of finding some permanent and reliable accommo- 
dation with the Soviet Union, It has become amply evident 
that great enterprises such as the digging of a sea-level canal 
across the American Isthmus are now technically feasible. 
At a limited cost, this enterprise could provide a great water- 
way capable of carrying increasing traffic for decades to come 
from ocean to ocean. It would facilitate transportation in 
the Western Hemisphere and contribute importantly to our 
strength and the reduction of our vulnerability. 

There are many such tasks to be done in the United 
States and in other parts of the world where development 
is badly needed. The peaceful use of the magnificent tools 
given us by atomic energy can also make accessible deep- 
lying mineral resources. We need not worry about the scar- 
city of raw materials if we make intelligent use of the instru- 
ments which our scientists have developed and will continue 
to develop. 

There are at least two watchwords in science. One is 
progress, the other is cooperation. We have too often neg- 
lected the possibility of cooperating with our own great in- 
dustrial enterprises. We have much too frequently mis- 
directed cooperation with other countries. Consider, for in- 
stance, the possibility that in the near future the cost of 
purifying sea water can be reduced to the point where it is 
economically feasible so that it can be used for the support 
of the livelihood of unborn millions. But we need not try to 
achieve this goal—as the Administration has announced—in 
cooperation with the Soviet rulers who have demonstrated 
time after time that they will not give to a joint enterprise 
their honest and unselfish efforts. Instead, we can and we 
should share our efforts with the free nations just as we share 
with them our historic past, our ideals and our hopes for a 
better future. 

Science and technology are not only the firm foundation 
of our future strength. They are also a bridge which links 
people of different countries and different tongues. Let this 
bridge unite those who wish to understand each other in an 
honest manner. Let it contribute to our great efforts which 
will make our Nation both secure and free, and the whole 
Earth a better place on which to live. 
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Answering critics .. . 


NASA Seeks Scientist-Astronauts 


TEN TO TWENTY scientists will 
be selected next spring to join the U.S. 
astronaut corps for future manned 
spaceflights. 

NASA announced that recruiting 
has already begun and a Dec. 31, 1964, 
deadline has been set for receipt of 
applications. 

The space agency’s action is ex- 
pected to silence a long-standing com- 
plaint from the U.S. scientific com- 
munity that no scientists or engineers 
are in the current corps of 29 astro- 
nauts. 

NASA apparently still has not 
agreed to another demand of the scien- 
tific community—that a scientist go 
along on the first U.S. manned lunar 
landing. A spokesman said it is not ex- 
pected that any of the 10 to 20 men 
to be selected will make the first flight. 

The Soviet Union announced earlier 
this year that a physician will accom- 
pany all future cosmonauts during its 
spaceflight program. Both a scientist 
and a physician were included in the 
crew of the three-man Voskhod space- 
craft flight on Oct. 12-13, 1964. 

The space agency said its new pro- 
gram will be open to members of the 
medical, scientific or engineering pro- 
fessions or any combination of those 
specialties. 

In addition to fulfilling sevcn quali- 
fications established by NASA’s Office 
of Space Sciences and the National 
Academy of Seiences, certain appli- 
cants, after preliminary sereening, will 
be asked to submit additional material 
including published or unpublished 
scientific and engineering reports, and 
essays on field experience, research ac- 
tivities and individual thoughts on 
scientific objectives for manned mis- 
sions in spaee. 

Selected astronauts who are not al- 
ready pilots will be trained to qualify 
as pilots of high-performance aircraft 
or helicopters. 

In order to be eligible for the pro- 
gram, an applicant must: 

@ Have been born on or after Aug. 
1, 1930; be a citizen of the United 
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States; and be no taller than six feet. 

@ Have a bachelor’s degree and a 
doctorate in the natural sciences, medi- 
cine or engineering, or the equivalent 
in experience. 

@ Have transcripts of academic 
records sent directly to Scientist-Astro- 
naut, P.O. Box 2201, Houston, Tex., 
77058, from all institutions of higher 
education which he has attended. 

@ Have scores in the graduate rec- 
ord examinations sent by Educational 
Testing Service, Princeton, N.J., di- 
rectly to Scientist-Astronaut at the Hous- 
ton address. 
(NOTE: Examina- 
tions will be given 
Jan. 16, 1965. 
Completed applica- 
tion and examina- 
tion fee must reach 
Educational Test- 
ing Service by Dec. 
31, 1964. In the 
event that an ap- 
plicant has not 
taken graduate rec- 
ord examinations 
and plans to take 
the Jan. 16 exam- 
ination, he should 
note on his appli- 
cation that scores 
from that examina- 
tion will be for- 
warded directly to 
Scientist-As- 
tronaut, Houston, 
by the Educational 
Testing Service.) 

@ Submit a 
Standard Form 57, 
Federal Employ- 
ment Application 
Form, available at 
any U.S. Post Of- 
fice. 

@® Submit a 
Standard Form 89, 
Report of Medical 
History, obtainable 
at any U.S. Post 
Office. This form 


should be signed by both the applicant 
and his physician. 

@ Submit Standard Form 78, Cer- 
tificate of Medical Examination, Part 
A to be completed by applicant and Part 
B, Questions 1 through 21, to be com- 
pleted by his physician. This form also 
is available at local post offices or of- 
fices of the Civil Service Commission. 

All applicants should address their 
applications, postmarked no later than 
midnight, Dec. 31, 1964, to Scientist- 
Astronaut, P.O. Box 2201, Houston, 


Tex. 77058. a 


First Complete Gemini Readied for Titan 


TWO-MAN Gemini spacecraft, first fully equipped model, is 
raised into service tower over its Titan I] launch vehicle at Cape 
Kennedy. McDonnell capsule and Martin Co. booster are due 
for final unmanned launch later this year. 
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Until now, tactical operations centers have 
been large and unwieldy complexes. Time- 
consuming assembly and low intercept ca- 
pacity have resulted in limited capability. 

A new Westinghouse concept has 
changed the picture. The Westinghouse 
Mobile Radar Operations Center is a mod- 
ular, pre-wired and pre-assembled system 
that adapts to the mission requirements. 
A basic three-hut configuration can be 


Eee 


Deliver 3 Westinghouse mobile huts like this— 


and you have a complete radar operations center 


transported in a single C-130 and can be 
placed in operation in 20 minutes or less, 
To adapt to changing tactical situations, 
modules may be added or substracted. All 
huts are easily transportable over terrain 
on standard vehicles or with mobilizers. 
The addition of DIGITRAC—an optional 
Westinghouse digital weapons control sys- 
tem—is a major aid to the weapons con- 
troller. DIGITRAC greatly increases capac- 


ity and accuracy in the control of tactical 
interceptors. The DIGITRAC control system 
can also provide highly mobile, ground- 
based guidance for close support, inter- 
diction, resupply and air traffic control. 
For complete information on the West- 
inghouse Mobile Radar Operations Center, . 
write for Bulletin SD-1-1-4. Westinghouse 
Electric Corporation, P.O. Box 868, Pitts- 
burgh, Pennsylvania 15230. 


J-02359 


You can be sure if it’s Westinghouse 
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Technical Countdown 


ELECTRONICS 


10,000-ft. Orbiting Antenna Feasible 


While at least four 100-ft. gravity gradient booms of 
beryllium-copper have been flown successfully in Transit 
satellites, manufacturer of the booms, DeHavilland Aircraft 
of Canada, believes that use of 10,000-ft.-long booms is also 
quite feasible. An 850-ft. antenna has already been delivered. 
This takes 22 hours to extend and has a packaged weight 
of about 15 Ibs. Two 5,000-ft. booms, for a dipole antenna, 
would weigh about 125 lbs. and require a 15-Ib. extension 
mechanism. 


AF Ups Amplifier Tube Power Output 


Combining pairs of traveling wave amplifiers will allow 
much higher peak powers, limited only by other components 
in the system. Merton C. Kraft, an engineer with the Rome 
Air Development Center, Griffiss AFB, has combined the 
power output of two high-power C-band traveling wave am- 
plifiers producing eight megawatts of peak power. Kraft used 
a newly-developed traveling wave tube providing an output 
power of more than four megawatts over a frequency band 
500 mc wide. The electronic expert effectively paralleled 
output of two tubes in a short-slot 3-db hybrid coupler. Kraft 
discovered that the frequency and amplitude of each source 
must be identical to provide a high combining efficiency. 


Radar Docking After Rendezvous Demonstrated 


Full-scale tests made by Martin Marietta of the use of 
radar during the docking phase of rendezvous have shown 
that in 59 automatically controlled runs all contacts fell with- 
in a 0.5-in. radius circle. The radar, developed by Raytheon 
Co., operates through rendezvous all the way to contact. It 
is a 10,000 mc CW doppler solid-state system, operating with 
an active transponder. These new results open fresh possibili- 
ties, such as the automatic rendezvous of unmanned resupply 
vehicles with a space station. 


Spacecraft Air Density Meter in Offing 


A system for measuring air density at altitudes between 
400,000 ft. and 1,000,000 ft., using a laser beam, is being 
developed by Litton Industries. Aim is to present an astro- 
naut with useful information for the manual control of a 
spacecraft. Principle applied is to measure light back-scat- 
tered when a multi-megawatt laser beam is fired from the 
spacecraft. Current work at Litton is concentrating on getting 
laser second-harmonic output from ADP crystals to obtain 
the bonus in back-scatter that increased frequency brings. 
Work is also under way on saturated filters as a lightweight 
replacement for the motor used for Q-switching the giant 
pulse laser. 


Telemetry Near the Sun 


Studies by General Electric space sciences laboratory 
‘show that microwave telemetry transmission from solar 
probes will not be adversely affected when the probe is out- 
side two degrees of the Earth-Sun radius (eight solar radii). 
Transmission through the solar corona extending out to 25 
solar radii is only slightly attentuated by angular scattering. 
But communication will be interrupted when a solar flare 
injects masses of ionized gas into the transmission path. 
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Thin-Film Micro-Computer Nears Completion 


A microelectronic computer with a thin-film memory. 
suitable for spacecraft use, is nearing completion at Control 
Data Corp. A company-sponsored development, the minia- 
ture computer needs no cooling and can be opened like a 
book while remaining in operation. 


New IF Amplifier Developed 


A 60-mc radar transponder IF amplifier made up of 
microelectronic modules has been developed by the military 
electronics division of Motorola Inc. Eight integrated circuit 
modules of four different types are used: an input matching 
network, four standard amplifiers, three interstage filters, and 
a detector. The standard amplifier is a 20-db gain basic build- 
ing block containing no tuning elements. Small toroidal 
coils 50 mils in diameter are used in the interstage filters. 


SPACE SUPPORT 
ELDO Down-Range Station Detailed 


Design of the down-range tracking and command station 
for the European Launcher Development Organization (EL- 
DO) is intended to meet a mission requirement of a 300-n.- 
mi. orbit with eccentricity less than 0.002. Located in Arn- 
hem Land, Australia, the station will have a transmitted 
power of 10 kw at 1427-9 mc. 


GUIDANCE 


Torpedo System at Lear 


For an advanced torpedo guidance system, Lear Siegler’s 
instrument division is producing a rate package consisting 
of three Series 7601 “Talisman” gyros and three minature 
accelerometers. The 6.5-0z. Talisman, 1 in. in diameter and 
254in. long, is one of the smallest units to go into volume 
production. Fluid damping is provided, with automatic tem- 
perature correction. 


SPACE SCIENCE 


Topsi Reports on lonosphere 


The topside sounder satellite launched Aug. 25 (Explorer 
XX) is providing new information on the arrangement of 
ionospheric irregularities and on the structure of plasma 
resonances, report scientists at the Central Radio Propagation 
Laboratory, National Bureau of Standards. Both “scatter 
spread F” and “ducted spread F” have been observed. Both 
appear to be caused by irregularities arranged in sheets. In- 
terference patterns have been observed in ionic resonances 
and are attributed to standing wave patterns that change with 
satellite attitude. 


Dielectric Camera for Metsat 


A pre-prototype of a dielectric camera for a meteorolog- 
ical satellite has been developed by RCA, under contract 
from NASA Goddard. It uses 100 ft. of 35-mm dielectric 
tape for image storage. Because medium-resolution pictures 
with wide-angle (100°) coverage are called for, the optics 
include a scanning mirror that spreads the image along the 
moving tape. Image format is 0.726 in. wide x 8.56 in. long. 
During readout, the electron beam scanning density of 857 
lines per inch results in an output band width of 640 ke. 
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Here are a few of the things Northrop does: 


ee Ro [Bs j 

es 1a 4 

Makes U.S. Army's only Developed earth Uses nuclear reactor to Makes metal architectural 
operational surveillance drone, the sensor for Ranger determine effects of space radiation components for homes, factories, 
camera-carrying SD-1. lunar vehicle, on men and equipment. commercial and public buildings. 


Provides recovery Tests spacecraft Builds F-5 supersonic Makes Datico prelaunch 
systems for Apollo and all systems in man-rated tactical fighters checkout systems for Polaris 
manned space vehicles. environmental chamber, for America’s allies, missites in nuclear subs, 


ee 


Does aerodynamic research at up to Studies problems ’ Designs and Squeezes minerals and gases at 
14 times the speed of sound in of human beings living and builds worldwide million-pound pressures to unlock 
hypersonic wind tunnel. working in space. communications systems. secrets of the solar system. 


eveloped stereometric comparison Builds T-38 Designs = " Conducts 
ewers for rapid, precise supersonic trainers vehicles to roam high-energy accelerated 
terpretation of aerial photographs. for USAF. the moon. plasma studies. 


! n Develops tiny air- Conducts Laminar Flow Control Uses Flash X-Ray to 
ign NASA tracking telescope and Space-borne computers research that may double the range and study effects of nuclear bursts on 
ithin 2 seconds of arc. with gigantic capacity. endurance of large aircraft. electronic systems. 


veloped low-profile ring a Manufactures ultra-high-precision 
tennas to replace towers and whips in subminiature gyroscopes for 
mmunications systems. guidance and control systems. 


Developed fluoroscopic tester to Developed NV-101 
examine aerospace components autogyro utility drone for 
under extreme flight conditions. many military uses. 


Northrop scientists and engineers are at work on more than 80 important projects and programs 
in environments that range from the depths of the sea to the outer reaches of interplanetary space. 


NORTHROP 


NORTHROP NORAIR ¢ NORTHROP NORTRONICS + NORTHROP VENTURA 
NORTHROP SPACE LABORATORIES ¢ NORTHROP INTERNATIONAL + NORTHROP ARCHITECTURAL SYSTEMS 
NORTHROP PAGE COMMUNICATIONS «+ PACIFIC CURTAINWALL 


PROGRESS REPORT 


HSIM AG) 
BERYLLIA 
CERAMICS 


e high thermal conductivity 

e high reliability 

e excellent electrical insulator 
e low losses 


e high performance in micro- 
miniatures 


Almost two yeors ogo o new, seporote, 
fully integroted focility for AlSiMog Ber- 
yllio Ceromics wos brought into produc- 
tion. All AlISiMog BeO ceromics ore pro- 
duced in one orgonizotion, one plont, 
one responsibility . . . from row moteriol 
preporotion through precision grinding, 
glozing, ond metollizing. This single re- 
sponsibility permits close control ond 
high reliobility. 


PRECISION plus HIGH RELIABILITY ore 
the principol reosons for occeleroted 
growth in the use of AlSiMog beryllios. 


Without grinding, criticol dimensions us- 
volly con be held within dimensionol 
toleronces normolly ossocioted with fine 
metol work. Thus o wide ronge of de- 
signs, difficult or prohibitively expensive 
to grind, ore now procticol. It olso per- 
mits AlSiMog production in volume not 
possible under the sinter ond grind pro- 
cedures. In some instances the noturol 
ceromic surfoce hos more desiroble chor- 
octeristics thon o lopped surfoce. Where 
on exceptionolly smooth surfoce is re- 
quired, such os in thin film circuitry, 0 
speciol AlSiMog glaze closely porollels 
thermo! exponsion chorocteristics of the 
ceromic substrote. 


Production of smoll AlSiMog beryllio ce- 
romics in volume to close toleronces hos 


For service, contact American Lava representatives in Offices of Minnesota Mining and Manufacturing Co. in these cities (see 
your local telephone directory): Birmingham, Michigan ® Bosion: Needham Heights, Mass. ® Chicago: Bedford Park, Illinois 
veland, Ohio © Laurens, S. C. © Los Angeles 


=~ 


Ne York: Phelps, New York © Phil 


All expert except Canada: Minr a Minine 
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Parts in circle approximalely actual size, olher paris approximalely two-thirds original size. 


been voluoble in micro circuitry ond 
where high reliobility is importont. 

Good progress hos been mode on preci- 
sion metollizing to permit hermetic seols. 


The “no-fire copobilities’’ of BeO help in 
certoin missile-ordnonce opplicotions. 


Spocers, woshers or blocks of AlSiMog 
BeO conduct heot owoy from sensitive 
devices, are smaller, lighter, cheoper, 
and more relioble thon fons or blowers. 


For thermocouple opplicotions, AlSiMog 
BeO ceromics are furnished either os 
dense tubes or os crushoble moteriols. 


Advonces in monufocturing copobilities 


American Lava Corporation rive 


PHONE 615/265-3411 CHATTANOOGA, TENN 


facturing Co., International Division, 700 Grand Ave., Ridgefield, N J 


leod to increosed uses os heot sinks, 
substrotes, micro-wove guides ond win- 
dows, resistor cores, envelopes ond semi- 
conductor pockoges. Metollizotion ond 
glozing techniques developed by AISi- 
Mog ore importont in envelope ond 
pockoge designs with strong hermetic 
seols ond high thermol conductivity. 


All AlSiMog beryllio ports ore corefully 
cleoned, pockoged ond lobeled to per- 
mit oppropriote hondling on orrivol. No- 
chorge somples ore generolly not ovoil- 
able in AlSiMog beryllio ceromics. Pro- 
totype orders ore supplied to your speci- 
ficotions promptly ond ot o definite price. 
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Ages U6) Si) i) Aleve ite COMPANY YEAR 
OF 
CERAMIC 
lif. © Minneapolis, Minn, ® Metropolitan New York: Ridgefield, N. J LEADERSHIP | | 
elphia, Pennsylvania ® Richardson, Texas ® South San Francisco, California 


CIRCUIT PATTERNS, each containing six transistors, 


Space electronics 


are contrasted in size with a ladybug. 


Autonetics Expects 20-cu.-in. Digital 
Computer To Be Ready in 3-4 Years 


Production of micropower IC‘s, registered bonding and use 
of single-crystal ferrite sandwich memories aid development 


ANAHEIM, CALIF.—Autonetics ex- 
pects to have squeezed down the size of 
a digital computer to 20 cu. in. within 
the next three to four years. This repre- 
sents a 56:1 reduction in size compared 
with the North American Aviation, Inc., 
division’s current Monica 26C _ inte- 
grated circuit computer, intended for 
missile and spacecraft use. 

Describing the aims of the research 
and development program, Vice Presi- 
dent Cedric O’Donnell said three tech- 
niques would contribute to future size 
reduction: production of micropower 
integrated circuits, registered bonding 
(a version of the “flip-chip” technique), 
and use of single-crystal ferrite sand- 
wich memories. 

He announced the development of 
single-crystal field-effect transistors, de- 
posited on a sapphire base, and fabrica- 
tion of a general-purpose thin-film am- 
plifier using these devices. 

@ Lead time—In three to four years, 


— Circle No. 6 on Subscriber Service Card 


by Rex Pay 


he said, Autonetics could have the first 
model of a computer embodying the 
new techniques. A machine with an 8,- 
192-word (20-bit) main memory and 
256-word scratch-pad memory would 
weigh 3.5 Ibs. and consume 8 watts of 
power. These figures represent 26:1 and 
24:1 reductions compared to the Mon- 
ica 26C, respectively. 

O’Donnell predicted that the new 
techniques would reduce computer costs 
and make feasible machines of an order 
of magnitude larger and faster than 
STRETCH. 

Autonetics research into micropower 
circuits centers on the use of hetero- 
epitaxial techniques—the growth of one 
single crystal material on top of another. 
Single crystal silicon has been grown 
both on polycrystalline silicon and on 
sapphire. Other types of crystal, tung- 
sten for example, have also been grown 


on sapphire and this looks like the base 
material that is receiving closest atten- 
tion. 

Because of the large number of de- 
vices deposited on a sapphire substrate, 
the cost of the substrate itself is not con- 
sidered expensive. With suitable deposi- 
tions, a wide range of electrical param- 
eters can be produced. Aim would be to 
deposit different types of single-crystal 
material on the same sapphire base. 

Silicon dioxide would be used as an 
insulator, tantalum oxide or titanium as 
dielectrics, tantalum-chromium-nickel as 
a conductor, silicon or gallium arsenide 
as active devices, cadmium sulfide o1 
zinc telluride as photosensors, niobium- 
tin as a superconductor, and manganesc 
ferrite for ferromagnetic devices. 

Autonetics now has a_ horizontal 
epitaxial reactor that takes 60 slices. As 
yet, gallium arsenide has not been grown 
in single crystal form on sapphire. 

@ Materials preparation stressed— 
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Discussing Autonetics work in hetero- 
epitaxy, Dr. Arnold Miller, physical re- 
search director, said that keys to success 
were substrate selection and orientation, 
correct surface pretreatment, and con- 
trol of surface interlayer formation. 

Since the announcement of growth 
of single-crystal silicon growth on sap- 
phire in July, 1963, subsequent work 
has shown that there is a great deal more 
flexibility in the technique than was orig- 
inally suspected. There are 13 orienta- 
tions of sapphire that give four modes 
of growth. Three of these give 111 sili- 
con, one gives 100 silicon. 

On-going research aims at reducing 
dislocations and twinning densities and 
at examining circuit applications. Studies 
emphasize meeting special circuit re- 
quirements that cannot be met by cur- 
rent bulk integrated circuits and also 


tying in the electronic devices with other 
devices on a single substrate. One pos- 
sibility for the future is a steerable ac- 
tive radar array using gallium arsenide. 

Principal active device being pro- 
duced on a sapphire substrate at Au- 
tonetics is a thin-film field-effect tran- 
sistor. This is a single-crystal device that 
Robert Downing, chief of device re- 
search, claimed was more stable than 
polycrystalline devices. He said it would 
operate at temperatures up to 250°C. 
Film thickness amounts to 0.5 or 1.0 
micron. 

@ Amplifier size reduced—An inte- 
grated circuit-improvement program at 
the research laboratories has led to pro- 
duction of a 1-mc bandwidth general- 
purpose amplifier of the Minuteman I] 
type in thin-film form. This shows a 4:1 
reduction in size compared to the bulk- 
diffused device. Thin-film resistors pro- 
vide higher accuracy and stability. Ex- 
cellent radiation resistance is claimed 
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and operating temperature range is 
doubled compared with the diffused cir- 
cuit. 

The thin-film circuit contains 17 
field-effect transistors and seven 5- 
kilohm nichrome resistors. In compari- 
son, the bulk-diffused device has five 
transistors, four diodes, and seven re- 
sistors. 

An advantage of the thin-film tech- 
nique, said Downing, is that the circuit 


designer can specify the parameters he’ 


requires of the FET, to the extent of 
specifying the device length. The elec- 
tronic sensor systems division of Au- 
tonetics is now designing circuits of this 
type. Typical device parameters are 
2,000 micromhos transconductance, 2 
pf input capacitance, dc input resistance 
greater than a million megohms, and an 
amplification factor of 20 to 30. 


CHIP containing six 
thin-film — insulated- 
gate field-cffect tran- 
sistors mounted for 
performance tests at 
NAA. 


Channel length in the FET is 5-6 
microns, with 100 angstroms thickness. 
Gate length can be varied from 0.2 in. 
to 0.001 in., with yield problems appear- 
ing at the lower limit. 

@® How it’s made—The device is 
formed in an island of single crystal p- 
type silicon deposited on sapphire. A 
silicon dioxide mask is deposited over 
the intended gate region and a heavy 
N-+ diffusion converts the silicon to N 
except for a small island under the gate. 
A narrow channel of N+ then exists 
between the P area and the silicon di- 
oxide, on top of which is deposited the 
aluminum gate. 

A somewhat similar technique is 
also being used at Autonetics to pro- 
duce thin-film diodes and transistors. In 
these, the diffusion under the $,O, mask 
is controlled to produce vertical P-N 
junctions. 

Diodes with junction areas of one 
square micron have been produced in 


this way, yielding switching speeds 
beyond the 1% nanosecond resolution 
of the measuring instrument. A diode 
with 25 square microns area switched 
in about one nanosecond. Possible UHF 
applications for devices produced by 
this fabrication technique are being 
studied. 

Epitaxial films have also been grown 
at Autonetics by glow-discharge activa- 
tion. The self-healing nature of this 
deposition process leads to pinhole-free 
films. Autonetics is currently developing 
a larger reactor for this program. 

An integrated circuit amplifier 
formed by the polycrystalline isolation 
technique is being tested in a radar sys- 
tem at Autonetics in place of a vacuum- 
deposited thin-film amplifier with dis- 
crete active devices. The new amplifier 
has a flat response from 0-150 mc. Ex- 
tension of this response to 1,000 mc is 
expected, using this technique. 

@ Memory system refinements— 
Work on memory systems at Autonetics 
has also led to the growth of single- 
crystal epitaxial ferrite on a magnesia 
base. Conductor lines 2-3 mils wide can 
be pre-deposited on the magnesia and 
the ferrite crystal can be grown on top 
of these and around an array of 2-3 mil 
gold wires suspended over the magnesia. 

The result is a memory unit about 
15-20 mils thick with an information 
density of 10,000 bits per square inch. 
Thirty of these planes would provide a 
30-bit word memory in a fraction of a 
cubic inch. 

A non-destructive readout memory 
of this type is said to be economical to 
fabricate and compatible with inte- 
grated circuits. With currents of 30 ma, 
rcadout rates of 10 mc can be obtained. 
Ultimately a packing density of 1 bil- 
lion bits per cu. ft. could be obtained, 
but associated readout connections and 
power dissipation problems would be 
phenomenal. 

For optical data-processing research, 
Autonetics has developed matrices of 
photodiodes on 0.01-in. centers. These 
can be used to measure the position of a 
light beam within a data processor. They 
can also be used to track a star back- 
ground or a specified target. 

Discussing Autonetics’ present ca- 
pability for precision diffusion of arrays 
of devices, O’Donnell said that Autonet- 
ics could mask, register, and diffuse with 
a total error of +0.5 micron. 

He said this suggested the possibil- 
ity of a fixed readout memory with a 
packing density of 6 million bits per 
sq. in. Each bit would be represented by 
a photosensitive device and the informa- 
tion to be read out would be inserted by 
depositing an opaque pattern over the 
devices. Where the pattern obscured a 
device, an 0 would be represented. 
Readout would be obtained by illuminat- 
ing the memory. a 
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Prototype ELDO Guidance 


Receiver To Be Delivered Next June 


ANTWERP, BELGIUM—Delivery of 
the complete guidance receiver system 
for the European Launcher Develop- 
ment Organizaton (ELDO) booster is 
slated for next June, and a contract has 
been awarded for initial work on an 
advanced system. 

Bell Telephone Manufacturing Co. 
of Belgium, contractor for major por- 
tions of the ELDO guidance system, 
says its prototype of the receiver system 
is on schedule and delivery of the opera- 
tional tracking trailer and computer 
trailer should be on schedule in June. 

A contract naming BTM as prime 
contractor for study of the advanced 
ELDO guidance system has been let, 
after a competition including UK gov- 
ernment laboratories, and engineering 
development for radio and _ inertial 


guidance systems will get underway 
early next year. 

Considerable progress has been re- 
ported in the advanced ELDO system, 
for which the booster will use an up- 
rated vehicle with the addition of an 
apogee stage for payloads to be placed 
in synchronous orbits. The injection 
phase of a synchronous satellite will be 
fully guided. 

Accuracy of the initial system on 
orbital injection will be about 2 x 107° 
eccentricity for a reference task of a 
300 n.m. circular polar orbit. One key 
to this hoped-for accuracy is the Con- 
trol Data Corporation CDC 3200 real- 
time guidance computer chosen by 
ELDO. 

® Guidance details—In outlining 
ELDO guidance details for M/R here, 


Solar Concentrator Demonstrates its Prowess 


LEFT: Elaborate framework that allows this 45-ft.-dia. solar 
concentrator to track the Sun from horizon to horizon is shown 
by program manager, Sundstrand Aviation, Denver. Built by 
Goodyear Aerospace for Sundstrand, concentrator is part of 
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by Frank G. McGuire 


Bell Telephone officials said communi- 
cations satellite goals will demand such 
accuracies and an orbital deviation of 
+10 n.m. is considered the maximum 
allowable. This corresponds to 10°? ac- 
curacies with orbital injection velocities 
of 7 km/sec. 

In the ELDO setup, Belgium is re- 
sponsible for development, supply and 
installation of downrange guidance to be 
based in northern Australia (404 miles 
east of Darwin) for guidance of launch- 
ings northward from Woomera. 

System engineering for the nation’s 
effort is in the hands of Manufacture 
Belge de Lampes et de Materiel Elec- 
tronique (MBLE), while BTM handles 
receiver equipment and Ateliers de 
Construction Electrique de Charleroi 
(ACEC) handles the transponder and 


facility to be used with AF dynamic energy conversion program. 
RIGHT: Five-foot aluminum disc melted in seconds after being 
exposed to solar rays reflected from solar concentrator, which 
appears in background of three-story sliding building. 
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DISTANCE MEASUREMENT 
SYSTEM (DOPPLER) 
CONTAINING TWO 
ANTENNAS FM XMTR 


ANGULAR MEASUREMENT SYSTEM 
CONTAINING FIVE ANTENNAS XMTR—ICKW 


RCVR 


FOR MEASUREMENT OF COS ¢ 


634’ 


ELDO GUIDANCE short baseline interferometer system. 


eround transmitter. In addition to its 
system engineering role, MBLE builds 
aerials, auto-tracking-slaving and para- 
metric amplifiers. 

Basically, the present system consists 
of an advanced 1,600 mc CW radar 
system, comprising a_ short-baseline 
(200 meters) interferometer with six 
antennas for coordination of data, the 
CDC 3200 real-time guidance compu- 
ter, a command link and a vehicle-borne 
guidance transponder. 

Henri Gustin, BTM project engi- 
neer, said his company is directly re- 
sponsible for advanced receiving tech- 
nique studies (threshold depression in- 
volving coherent detection and phase- 
lock/FM feedback loops). The firm is 
also responsible for engineering design 
and manufacture of the AME/DME 
radar receivers, range and angular am- 
biguity resolvers and digitizers, com- 
mand link modulators, frequency syn- 
thesizers with associated frequency and 
time correlation, station internal com- 
munications, overall system simulation, 
transportable equipment housing facili- 
ties and procurement of the guidance 
computer. 

Both U.S.-made FPS-16 and FPO-6 
radars were evaluated for the ELDO 
mission, aS was the French-made Aqui- 
tan system, but these were rejected on 
various grounds, including the 75-kw 
peak-pulse transponder power required, 
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inadequate accuracy and logistic prob- 
lems. 

Performance of the short-baseline 
interferometer (SBI) system is 0.1 milli- 
radians angular, +100 meters altitude, 
and +5m/sec velocity. The five an- 
tennas are steerable on both X and Y 
axes in a 140-ft. radius. 

A security factor in the signal-to- 
noise ratio of 20 db in each up-and- 
down channel has been adopted as a 
design basis. 

Accurate determination of the ve- 
hicle’s position for the issuance of 
guidance commands requires determina- 
tion of two angles and the slant range. 
The angles are measured by two inter- 
ferometers, comprised of three anten- 
nas at the apexes of right triangles. 
Measurement of the differential in ar- 
rival times of the transponder signal at 
each antenna is carried out by feeding 
the phase difference into a computer, 
already armed with the comparative 
figure of the distance between the an- 
tennas. 

After the computer calculates the 
angles by comparing the phase differen- 
tial with the baseline of the interferom- 
eter, and after the slant range has been 
determined by transmission of a signal 
to the vehicle and a reply is received 
for time-delay measurements, guidance 
commands are sent via the ground- 
vehicle command link. The slant-range 


transponder is a 200-mw unit. 

The vehicle’s velocity, consisting of 
a radial and two tangential components, 
is thus measured by the described Dop- 
pler DME unit for the first component 
and for the second component by an 
interferometer having a longer baseline 
than that used for angular measure- 
ments. 

The downrange station is designed 
with six parabolic antennas, with five 
being followed by receivers. The 165.5- 
in.-dia. units are covered by 33-ft. ra- 
domes, with antennas 1, 2 and 3 form- 
ing the interferometer for angles, with 
a base of 52.5 ft. Antennas 4 and 5 
are the interferometer for tangential 
velocities, having a 634-ft. baseline. 
Slant range is determined by antennas 
5 and 6, with the former having the 
additional function of measuring radial 
velocity and the latter having the addi- 
tional function of sending command 
signals. 

Antenna 5 is the auto-tracking unit, 
and the others are slaved to it. This 
unit is equipped with three parametric 
amplifiers, while the others have one. 

Pre-operational checkout and cali- 
bration will use an airplane carrying a 
transmitter and operating on frequen- 
cies between 1427 and 1429 mc for the 
up-channel and 1525 to 1540 mc down- 
channel. The FM transmitter (#6) is 
designed to operate at 125 cps, 2 kc and 
32 ke at about 10 kw power. It will be 
operated over 3,000 ft. from the inter- 
ferometer complex to prevent interfer- 
ence. 

@ Computer functions—The CDC 
3200 unit will locate the vehicle, using 
data gained from the antennas, deter- 
Mine the correct guidance commands, 
predict injection time, determine an- 
tenna control commands, transmit guid- 
ance commands, and store data, includ- 
ing all measurements and corrected 
trajectories. 

The computer can operate either 
by calculating new parameters directly 
from received data, or by determining 
necessary corrections through a com- 
parison of received and pre-calculated 
data. 

The computer is an off-the-shelf unit 
previously described in MISSILES AND 
Rockets (Feb. 17, p. 21) and having 
an 8,000-word memory at 24 bits per 
word, capable of comparing the actual 
vs. planned trajectory at intervals of 
100 milliseconds. 

“It’s not the purpose of ELDO to 
develop new equipment specifically for 
this purpose,” Gustin told M/R, “so we 
compared many models of commercial 
equipment to get the best unit available. 
With a very slight modification for our 
purposes, the CDC 3200 should be 
ideal.” 

He added that the only modification 
BTM has in mind for the computer is 
a re-programming of the unit. a 
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electronics 


Paper on Intellectronics 


Highlight for 25,000 
At NEC Exhibition 


CuicaGo—Studies in the field of 
psychical research will someday lead 
to a new era in the information and 
communications sciences, predicted Dr. 
Henry K. Puharich here last week at 
the 20th Annual National Electronics 
Conference and Exhibition. 

Drawing a steady parallel between 
the human mind and present-day elec- 
tronic data processing systems, Puharich 
discussed scientific efforts underway to 
determine the number and kinds of 
actual information channels allocated 
to the brain. Puharich, whose experi- 
mental research and writings have often 
proven controversial among his con- 
temporaries, is the president and medi- 
cal research director of Intelectron 
Corp. in New York. 

The science of the intellect, which 
includes logic, mathematics, and ac- 
coustics, said Puharich, can be called 
intellectronics and its processes intellec- 
tion. A primary goal of intellectronics 
is to establish the total number of in- 
formation channels available to the 
brain. Classical senses of vision, audi- 
tion, smell, taste, and touch, he de- 
clared, are only first approximations. 
Others readily apparent include the abil- 
ity to perceive acceleration, vibration, 
pressure, temperature change or heat, 
and pain. 

Directly interrelated with intellec- 
tronics is the science of genetics, which 
inherently involves vast complex pro- 
gramming. To crack the secret of this 
program, Puharich asserted, will be to 
understand the very nature of the mind 
itself. 

@ NEC follows trend—Conference 
officials expressed satisfaction with this 
year’s more than 400 exhibits, even 
though the total, following a national 
trend, was some 20% below last year’s 
count. Both the exhibition and technical 
program were held in Chicago’s new 
McCormick Place during the three-day 
conference (Oct. 19-21). 
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by Charles D. LaFond 


Displays generally centered on semi- 
conductors and advanced solid-state cir- 
cuits, small electronic instruments, and 
electronics manufacturing equipment. 
Exhibitors, in general, reported good 
booth attendance and both sales interest 
and early sales response to their wares. 

An attendance of 25,000 anticipated 
by NEC officials appeared optimistic. 
Registration figures were not made 
available to the press, but the concensus 
was that total registration through Wed- 
nesday would fall far short of last year’s 
figure of 25,000. 

Well over 200 papers were pre- 
sented at the technical sessions. A high- 
light of the conference was the in- 
creased use of the industrial seminar, 
Eleven such meetings were held by 
various manufacturers, largely in the 
fields of semiconductors, communica- 
tions and computer technology. Texas 
Instruments, Inc., and Motorola, Inc., 
provided a variety of different seminars 
each day of the meeting. General Elec- 
tric and Siliconix, Inc., each held one 
half-day seminars. 

Other sessions sponsored by the 
NEC included engineering refresher 
seminars in six specialized technical 
areas and four new-product seminars. 

@ Puharich experiments—Much of 
Dr. Puharich’s present research effort 
is in finding a solution to permanent 
deafness, but the results of his com- 
pany’s work may provide fundamental 
knowledge applicable in many fields. 

The human accepts acoustical in- 
puts (analog), he stated, and converts 
these to data pulses (digital) for sub- 
sequent cerebral processing and under- 
standing, but scientists still do not un- 
derstand the encoding process, nor the 
conduction process, nor how the digital 
impulses give rise to particular “quali- 
ties” associated with the original sound 
input. 

To study these processes, non- 
acoustic stimuli are being employed. 


In 1961, Allan Frey, Puharich pointed 
out, reported human cognition of low- 
energy pulse-modulated, 2-gc radar 
beams through an auditory sensation | 
of “clicks.” 

This approach has been explored | 
and confirmed by Intelectron’s research, 
said Puharich. The question is, how- | 
ever, is RF response due to acoustic } 
sense perception or is there a more di- 
rect effect on the brain? 

Puharich’s research team has tested 
32 totally deaf subjects (those whose | 
cochlea had been destroyed) using low- | 
frequency, modulated RF energy as a | 
“hearing” stimulus. All 32 subjects, 
claimed the scientist, “. . . experienced | 
pure tone hearing, speech hearing, and | 
music hearing.” This he asserted, proves | 
the existence of a modulated-RF-energy | 
receiving channel in the human brain. 

In addition, Puharich disclosed, his 
group has demonstrated a capability, 
using RF, to provide normal sensations 
of color and pattern. 

He noted the curious fact that brain 
design is such (at least based on results 
of present testing) that it responds to 
frequencies regularly from 15 cps to 
30 kc, but not to electromagnetic fre- 
quencies in the range from 30 ke to the 
infrared band. But, he predicted that 
means will be found in time to use most 
of the RF spectrum from 1 kc to 10° 
me as data input sources directly to the 
brain. 

Intelectron’s recent experiments al- 
ready have shown some frequency chan- 
nels feasible for direct brain stimula- 
tion from 2 kc to 50 mc. Samplings at 
higher frequencies show the possibility 
of using discrete portions of the spec- 
trum up to the visible light region. 
Further experimentation will clarify the 
potential, Puharich said. 

@ Extraordinary manifestations— 
Puharich then described briefly limited 
experiments using specially gifted sub- 
jects for though transfer. A “receiving” 
subject, placed in an anachoic chamber 
has successfully demonstrated the exist- 
ence of thought transfer—even with 
RF screening and over distances up to 
200 miles. 

Puharich pointed out that so far 
there is no knowledge of the carrier 
system involved, its modulation, or the 
brain channel used for perception. 

Also associated with the problem 
is the mystery of prediction and pre- 
cognition by some individuals. 

“Eventually we shall find a clari- 
fication of the principle of equivalence 
between mind and matter. I believe 
the day will come when it will be 
possible to formulate a legitimate re- 
lationship between mind and matter- 
energy. It is the search for this relation- 
ship—an equivalence, if you please— 
that will form one of the most exciting 
scientific quests in the decades to come,” 
Puharich noted. | 
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space systems 


Lunar Orbiter Up for Design Review 
To Meet Delivery Date in Mid-'65 


HAMPTON, VA.—First major space- 
craft design review for the NASA-Lang- 
ley/Boeing Co. Lunar Orbiter, sched- 


_ uled to begin later this month at Boeing’s 


Seattle facility, will reflect early changes 
in vehicle structure, engine mounting, 
tankage, and electronics which have re- 
duced weight and are expected to in- 
crease reliability. 

No changes have been made thus far 
in the lunar surface photographic craft’s 
basic mission or concept. But a round 
of critical subsystem design reviews, and 
tests with thermal and dynamic test 
models and an engineering mock-up, 
have already led to the following im- 
provements: 

—The main 100-1b.-thrust engine for 
Lunar Orbiter will be gimballed rather 
than held in a fixed position as origin- 
ally planned. With a fixed engine, the 
thrust vector did not pass through the 
vehicle center-of-gravity; a set of four 
1-Ib.-thrust engines was located on the 
solar panels to maintain vehicle stabil- 
ity and thrust alignment during main 
engine burn. Project engineers point out 
that use of a gimballed engine has im- 
proved fuel-use efficiency, removed 
some piping and—most importantly— 
removed the small thrusters, which were 
causing solar panel warping problems. 
Though the new mount requires a gim- 
bal and some actuators, engineers say 
they have achieved a weight saving. 

—The engine and the eight (.05-Ib.- 
thrust) reaction control system (RCS) 
jets have been modularized and moved 
to the top of the spacecraft structure, so 
that they can be easily removed and 
tested as an entity. Also, the two out- 
board nitrogen tanks included in the 
original design have been removed and 
replaced by a single tank located in- 
board of the main structure; this will 
both pressurize the engine fuel and 
oxidizer system and provide high-pres- 
sure nitrogen for the cold-gas RCS. 
Combined gimballed engine and tank- 
age reduction saved about 15 Ibs. An- 
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other minor structural change involves 
replacement of the truss-type construc- 
tion in the payload area with horseshoe- 
type beams which have added rigidity 
and eased emplacement of the photo- 
graphic subsystem. 

—In the electronics area, project 
scientists told MISSILES AND ROCKETS 
that integrated circuits will now be used 
in the digital programmer, replacing the 
discrete devices originally called for. 
The circuits will be Fairchild DTL 
types; this will save another 15 Ibs., 
halving the weight of the original unit. 

@ Production schedule—Design re- 
views of major subsystems and space- 
craft structure are expected to be con- 
tinued until about January, 1965, and 
the first of eight spacecraft that Boeing 
will produce is expected to be available 
by mid-1965. The first three spacecraft 
will be used solely for ground test, and 
the remaining five for flight, although 
the vehicles are being built almost in 
parallel. 

Spacecraft No. 4, the first flight ve- 
hicle, is expected to be available in early 
1966, and the first launch is now set for 
mid-1966. Though there are two launch 
“windows” for Lunar Orbiter every 
month, project engineers say it is likely 
launchings of all five flight versions will 
be spaced within a one-year period. 

Cost of the program is estimated at 
about $100 million, with about $80 
million going to Boeing and its sup- 
porting contractors and $20 million for 
launch vehicles and mission support. 

Results of the Ranger VII flight have 
not caused any change in the Lunar 
Orbiter design, according to Israel Ta- 
back, Lunar Orbiter spacecraft man- 
ager at the Langley Research Center 
here, but have served to verify the light 
intensities and photometric functions 
under which the design is proceeding. 

Lunar Orbiter will be launched 
from Cape Kennedy aboard an Atlas- 
Agena. The launch, injection, and 
translunar trajectory are very similar 


to those used for Ranger and to be 
used for Surveyor. The major devia- 
tions from these flight plans result from 
launch-window constraints and lunar- 
orbit maneuvers dictated by the light- 
ing and positioning required to fulfill 
the photographic mission and transmit 
data to Earth. 

@ Proven equipment—A major de- 
sign goal of Lunar Orbiter, the use of 
space-proven hardware, is much in 
evidence in the design being finalized. 

The 100-1b.-thrust hypergolic-fuel 
thruster being supplied by the Mar- 
quardt Corp., is the same engine being 
developed by the firm for the LEM 
RCS, where 16 of these devices are 
used. The engine will be used on Orbiter 
for mid-course corrections and de- 
boost maneuvers, first into a 950-km 
lunar orbit and then into an elliptical 
orbit with a periselene of 46 km for 
the lunar photo mission. 

Electrical subsystems associated 
with the solar cell/nickel-cadmium bat- 
tery power system have all reportedly 
been developed or qualified in either 
the Relay, Tiros, or Ranger programs. 

The camera system, being supplied 
by Eastman Kodak, is new; however, 
it is known that all of the major sub- 
systems and some of the ground read- 
out equipment have been used before, 
presumably aboard military recon- 
naissance satellites. 

The guidance system is also similar 
to that used in Mariner and Surveyor, 
using Sun sensors and a Canopus- 
seeker for primary attitude reference 
and a strapped-down inertial package 
containing two gyros and an accelerom- 
eter for mid-course corrections and en- 
gine control during lunar orbital 
changes. ITT is supplying the star- 
tracker, an image dissector type using 
a CBS-Electronics tube. Sperry is sup- 
plying the inertial reference package. 
A contractor for the Sun sensors is 
expected to be selected within the next 
few weeks. 
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LEFT; Latest configuration of Lunar Orbiter reflects removal 
of outboard nitrogen tanks, modularization of engine and atti- 
tude-control jets at top of structure, and inclusion of horseshoe 


Boeing will supply the RCS, and 
will also provide a digital programmer 
for the spacecraft which will be capable 
of storing about 16 hours of digital 
command words in addition to real- 
time sequencing. Boeing will buy the 
magnetic-core memory for the  se- 
quencer. 

Tankage for the spacecraft will be 
provided by Bell Aerospace Corp. 

The communications subsystem, be- 
ing supplied by RCA, includes high- 
and low-gain antennas, transponder, 
data conditioner, decoder, and pro- 
grammer. The system will operate in 
conjunction with NASA’s Deep Space 
Network, at S-band, putting out 10 
watts via the directional high-gain an- 
tenna during video transmission and 
¥2 watt when in a non-video mode via 
the low-gain antenna. 

Since Orbiter is intended to be an 
operating contemporary of Surveyor, 
the two vehicles will each use three 
separate stations of the DSN for com- 
munications and tracking, allowing 
simultaneous communications with each 
craft with a minimum of interference. 
Video data bandwidth for transmission 
back to Earth will be about %4 mc, 
with a SSB subcarrier used to phase- 
modulate the carrier. The system is ex- 
pected to yield a 30 db S/N ratio, ac- 
cording to NASA scientists. 

@ Mission plans—Lunar Orbiter’s 
primary mission is its photographic 
role in support of both Surveyor land- 
ing site selection and LEM landing site 
certification. 

The 830-Ilb. spacecraft will also ful- 
fill secondary non-photographic roles in 
support of Apollo, with gravitational 
field measurements taken via DSN 
tracking radars, and micrometeorite 
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flux and high-energy particle flux meas- 
urements taken near the Moon with 
the same experimental package that was 
developed in-house by NASA for the 
S-55 Explorer satellite. 

Another important on-board ex- 
periment will involve a pair of radiation 
dosage meters mounted on the cam- 
eras as an aid in analyzing radiation 
effects upon film and photography. 
RFP’s for these devices are expected 
to be issued by Boeing in a few weeks. 

To collect data useful to the lunar 
program, the satellite is being designed 
for a one-year lifetime, although its 
primary photographic function will 
only take about a month—roughly 
four days for transit and lunar-orbital 
maneuvers to place the lowest point of 
the orbit over the target area and to 
stabilize the orbit, about 15 days for 
actual picture-taking, and about 10 
days for data-transmission to Earth. 

The time to photograph is dictated 
by the launch window which provides 
maximum time over the area of interest 
(for Apollo the area surrounding the 
lunar equator bounded by +10 deg 
latitude and +60 deg longitude) at 
proper Sun angles for illumination (a 
Sun angle from above the horizon of 
between 15 and 40 degs is desirable). 
The transmit time is dictated by power 
demands which require the spacecraft 
to be in mutual visibility of the Sun (for 
the solar panels) and the Earth, an 
event which occurs roughly 46 minutes 
per orbit and which therefore requires 
about 10 days to transmit all the video 
the system is capable of recording. On- 
board data collection and transmission 
to Earth cannot be done simultaneously. 

The rate at which the Moon moves 
around the Earth with respect to the 


beams in payload area. Integrated circuits have also been okayed 
for use in the digital programmer. RIGHT: Mock-up of Lunar 
Orbiter is prepared for upcoming design review. 


Sun (12 degs per day) actually provides 
about a two-day launch window to get 
the proper illumination, giving planners 
some leeway and also making it possible 
to further extend the launch window 
somewhat by decreasing the Earth-Moon 
transit time. 

@ Photo capabilities—At the heart 
of the Orbiter payload is the two-lens 
Kodak system; a 24-in focal length, 
f/5.6 lens for high-resolution (1-meter) 
pictures from 46-km altitude above the 
lunar surface, and a Biogon 3-in f/4.5 
lens for lower resolution (8 meters) but 
broader area coverage. The high-resolu- 
tion lens produces a 60 x 219 mm film 
frame, equivalent to a 4.5 x 16.4 km 
area on the lunar surface from 46-km 
altitude. The low-resolution lens pro- 
duces a 60 x 60 mm frame, correspond- 
ing to a 36 x 36 km surface area. 

With 200 ft. of 70-mm Kodak SO 
243 aerial film (reported to be highly 


resistant to radiation), this gives Lunar — 


Orbiter a capability for photographing 
40,000 sq km at 8 meters resolution and 
8,000 sq km at 1-meter resolution. The 
1-meter resolution is about 1,000 times 
better than that obtainable from Earth. 
Within a 40,000 sq km area, NASA 
Scientists point out, about 100 possible 
20-km? potential landing sites for Sur- 
veyor can be viewed. Using the high- 
resolution mode, the on-board TV cover- 
age provided by Surveyor can be ex- 
tended from several hundred meters to 
a maximum of 80 x 80 km, locating 
navigational landmarks for LEM rela- 
tive to proposed touchdown sites and 
picking out markers for intiation of 
lunar descent trajectories, which could 
be 90 deg in longitude from the in- 
tended landing area. 
Coverage in each 
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low-resolution 


frame is overlapped 50% by the suc- 

cessive frame, so that, in effect, con- 
tinuous stereo coverage at about 8 
meters resolution is obtained over the 
‘entire 40,000-sq-km region of interest. 
Simultaneously, the higher-resolu- 
tion smaller-area frame is centered in 
each low-resolution frame, providing 
‘detailed samples of the area covered. 
| NASA scientists stress that there are 
‘other modes in which the cameras could 
‘be operated to provide, for example, 
‘for continuous coverage using the 
‘higher-resolution lens and for greater 
| coverage in the direction of flight rather 
‘than tangential to it. Numbers of frames 
|taken per pass can be varied, and this 
allows deviation from prescribed film- 
|ing to view other local areas of interest. 
In general, NASA estimates show 
'that by using a lunar orbital inclination 
| of about 20 deg, any target in about half 
|of the total equatorial area of interest 
for Apollo could be photographed on a 
single flight with a maximum waiting 
time of about 15 days. By keeping this 
orbital inclination to within about 1 
deg, something NASA feels it can do, it 
can keep the orbit-to-orbit difference in 
path to about 15 km and ensure the de- 
sired camera coverage overlap. 

Expressing Orbiter single-flight ca- 
pabilities in another way, NASA engi- 
neers say the spacecraft could provide 
a continuous one-mile-wide coast-to- 
coast high-resolution photograph of the 
United States. 

Exposed film aboard Orbiter is proc- 
essed on-board with a Kodak Bi-mat 
processor at a speed of about 76 mm/ 
minute, fast enough to process all the 
film taken on one orbit before a second 
pass is made. The on-board read-out 
system consists basically of a CBS line- 
scan tube used as a light source, a 
photomultiplier, and a video amplifier 
which conditions the signal for Earth 
transmission. 

The ground reconstruction equip- 
ment, NASA says, displays the video 
data line-by-line on a kinescope face, 
and the image is recorded on a con- 
tinuously moving 35-mm film strip. 
Each ground equipment has capability 
for two redundant recordings. 

@ Incentive dividends—The contract 
to Boeing for Lunar Orbiter earlier this 
year (M/R, Jan. 6, p. 13) marked the 
first use by Langley of an incentive con- 
tract for a large space program. NASA 
reports that it has resulted in “excellent 
attention by management both at Boeing 
and Langley not only to the technical 
aspects but also to costs.” 

The contract has incentives and pen- 
alties for cost, delivery, and perform- 
ance. The first two are fairly easy to deal 
with, but the third is defined entirely on 
the basis of picture quality; thus far the 
only solution found has been to rely on 
a three-man NASA board to ieee this 
performance. a 
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,..tallored to the nation’s 
space program at Douglas 


STRUCTURES LABORATORY IS 
UNIQUE in having a central control for all 
test units. Its ceiling is 90 ft. high, and floor 
slabs are 10 ft. thick reinforced concrete which the Space Simulator Building can create the vacuum equivalent of a | 
can bear 8 million pound axialloads. Complex 500 mile earth orbit. It will be man-rated, and can accommodate 
structural test programs can be conducted full-size spacecraft up to 30 feet long. 

while others are being prepared. 


THE NEW DOUGLAS SPACE SYSTEMS CENTER in Huntington 
Beach, California, gives the U.S. a balanced capability for the develop- 
ment of manned spacecraft in a single industrial complex. Douglas- DOUGLAS 
owned, it is composed of 11 superbly equipped buildings...with 


provisions for quadrupling its capacity. MISSILE & SPACE SYSTEMS DIVISION 
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Mergers and Acquisitions 


Walter Kidde & Co., Inc., Belleville, N.J., has 
announced plans to acquire Associated Testing 
Laboratories, Inc., Wayne, N.J. The acquisition 
is to involve a trade of 10 shares of AL common 
for each 3.5 of Kidde. AL operates in the field of 
environmental and reliability testing for indus- 
try. The company also produces several lines of 
test chambers and laboratory equipment. 
Granger Assoc., Palo Alto, Calif., has acquired 
the product line and other assets of American 
Microwave and Television Corp., San Carlos, 
Calif. Amiel produces high resolution video sys- 
tems for data transmission. . . . Hewlett-Packard 
Co., Palo Alto, Calif., has entered negotiations 
with Deleon Corp. to make it a division of H-P. 
Deleon manufactures ultrasonic detection and 
test devices. H-P views the move as “a significant 
step in H-P’s expansion into new fields of in- 
strumentation.” 


Missile/Space Facilities 


Bell Aerosystems Co. is negotiating with the 
state of New Mexico for 20,000 acres of land on 
which Bell intends to build a test complex for the 
development of advanced rocket engines using 
high-energy propellants. Only snag in the plan 
currently is that in order to provide the fuli 20,- 
000 acres the state must swap 8,000-9,000 acres 
of land elsewhere with the Federal government. 
The New Mexico location was chosen after 131 
possible sites in 18 states were considered... . 
Maxson Electronics Corp., Great River, N.Y., has 
moved its Washington, D.C., office to new quar- 
ters, still in Washington. New address is 1101 
17th St.. N.W.... Barnes Engineering Co., Stam- 
ford, Conn., designer and manufacturer of elec- 
tro-optical instruments and systems for defense, 
space exploration and industry, has opened two 
new offices, one in Los Angeles and another in 
Santa Clara, Calif... . Nelson-Ross Electronics, 
Inc., and its wholly owned subsidiary GNB, Inc., 
Hicksville, N.Y., have opened a new 4,000-sq.-ft. 
joint headquarters building in Hicksville. Nelson- 
Ross manufactures plug-in spectrum analyzers 
and accessory equipment; GNB, advanced modu- 
lar laser energy systems and laser test instru- 
ments. The new facility houses complete engineer- 
ing, production, marketing and administrative 
facilities for both companies. . . . Communica- 
tion Electronics, Inc., Rockville, Md., has moved 
its corporate headquarters to a new 50,000-sq.- 
ft. building in the Washington Science Center 
area in Rockville. CEI designs and produces spe- 
cial purpose radio-frequency receiving equipment 
for use in surveillance, telemetry, direction find- 
ing, counter-measures and general communica- 
tions. The new building enables consolidation of 
all CEI activities under one roof... . Westing- 
house Electric Corp.’s Defense and Space Center 
has opened a new engineering center in Hunts- 
ville, Ala. The center is to provide coordinated 
engineering and marketing services in support 
of Westinghouse activities with the Army Missile 
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Command and the George C. Marshall Space 
Flight Center. . . . Bendix Field Engineering 
Corp., which recently received a three-year, $17- 
million contract to provide launch services for 
the Kennedy Space Center, has opened a person- 
nel office in Titusville, Fla... . Communications 
Satellite Corp. has moved its Washington, D.C., 
headquarters from 3029 Klingle Rd. to larger 
quarters at 1900 L St., N.W. . Page Com- 
munications Engineers, Inc., Washington, D.C., 
has begun construction of a second building in 
Washington. Page designs, constructs, operates 
and maintains global telecommunications sys- 
tems. 


International 


Fairchild Camera and Instrument Corp., Syos- 
set, N.Y., has entered a licensing and know-how 
agreement with Elliott-Automation, Ltd., of Lon- 
don permitting E-A to use the Fairchild Planar 
process in the design and production of semi- 
conductor devices, including use of integrated 
circuitry and thin-film techniques. ... Bell & 
Howell Co. has broken ground in Basingford, 
England, for a 21,000-sq.-ft. building to house 
offices and electronic instrumentation manufac- 
turing facilities for the Consolidated Electro- 
dynamics Div. of Bell & Howell, Ltd. ... Oak 
Electro/Netics Corp., Chrystal Lake, IIl., is con- 
verting its Hong Kong subsidiary to an assembler 
of VHF television tuners. An expanded plant will 
make possible the employment of 600 workers 
assembling tuners from parts fabricated in the 
United States. Full production is expected by mid- 
1965. ... IIT Research Institute has established 
a European office in Paris for applying computer 
techniques to numerical control manufacturing. 
It will provide training and consultation services 
to European firms interested in the Automatically 
Programmed Tools system for programming of 
numerically controlled machine tools and supplies 
liaison with the APT research staff in Chicago. 


GD President Not Worried 


General Dynamics Corp. president Roger 
Lewis has told a meeting of the New York Society 
of Security Analysts that, while the percentage 
of defense spending for hardware may soon be- 
gin to decline, he is not pessimistic about the 
future. He predicted fewer types and numbers of 
new weapons because of increased effectiveness, 
which reduces the need for redundancy. Lewis 
sees increased competition for defense work and 
predicts more firms will be forced out of the 
business; however, he said he opposes large-scale 
conversion from the defense industry to non- 
defense activities. He pointed out that the de- 
fense industry, though privately owned, has a 
major responsibility for the continued security 
and defense of the country, and that this respon- 
sibility remains despite changes of Administra- 
tions and defense philosophies. 


— Contracts 


AIR FORCE 


$3,420,073—Hughes Aircraft Co., Culver City, 
Calif., for continued work on a classified 
project. 

$2,230,887—Continental Aviation & Engineering 
Corp., Detroit, for continued work on a 
classified project. 

$2,000,000—Bell Aerospace Corp., Wheatfield, 
N.Y., for continued work on vertical takeoff 
and landing program. 

$1,883,373—Hughes Aircraft Co., Culver City, 
Calif., for repair of fire control systems. 

$1,727,357—Conductron Corp., Ann Arbor, Mich., 
for work on a classified project. 

$1,508,848—Lockheed Aircraft Corp,, Sunnyvale, 
Calif., for work on a classified project. 

$1,300,000—General Electric Co., Philadelphia, 
supplemental contract for development and 
testing of unspecified space vehicles. 

$761,606—The Boeing Co., Aero-Space Div., Seat- 
tle, for engineering services applicable to the 
Minuteman weapon system. 

$738,752—Panel Corp. of America, Denver, for 
tow target, aerial dart, gunnery rocket. 

$400,000—General Dynamics, Astronautics Div., 
San Diego, Calif., for services to prepare 
changes to technical orders of Atlas E and F 
series weapons systems. 

$249,498—University of Maryland, College Park, 
for a three-year study of the basic structure 
of metals in an attempt to explain how metals 
become superconductors at extremely low 
temperatures, 

$150,000—McDonnell Alrcraft Corp., St. Louis, 
Mo., for Asset program. 


ARMY 


$2,750,000—Sperry Rand Corp., Univac Div., 
Washington, D.C., for the design and installa- 
tion of a computer-based information system 
in the Army War Room in the Pentagon. 

$2,260,000—Magnavox Co., New York City, for 
production of radio communications sub- 


systems designated AN/URC-55 auxiliary 
items. 
$450,000—General Dynamics Corp., Pomona, 


Calif., for FY 1965 Redeye R&D programs. 
$254,592—Hesse-Eastern Inc., Everett, Mass., for 
rocket launchers. 
$200,000—General Telephone and _ Electronics 
Corp., Sylvania Electric Products, Inc., Moun- 
tain View, Calif., for a study contract to 


analyze and evaluate the performance of a 


variety of missile systems. : 
$116,300—Westcrn Electric Co., New York City, 
for Nike X DR&TTR receiving components. 
$103,570—Honeywell, Inc., West Covina, Calif., 
for Redeye trainer. 


$76,359—Strode Construction, Cocoa, Fla., for 
high resolution tracking radar at NASA's 
MILA. 


$54,497—PlannIng Research Corp., Los Angeles, 
for extension of contract for engineering serv- 
ices on Shillelagh weapon system. 


NAVY 


$4,843,031—Western Electric Co., New York City, 
for weapons control equipment for the Tartar 
ship-to-air missile. 

$1,315,575—Radiation, Inc., Palm Bay, Fla., to 


modify communications equipment aboard 
USNS Kingsport. 
$1,300,000—Baifield Industries, Inc., Gardena, 


Calif., and Carrollton, Tex., three contracts for 
work on Talos, Asroc and Snake Eye. 

$1,125,000—Northrop Corp., Anaheim, Calif., for 
engineering work on Polaris missile checkout 
equipment. 

$363,777—Fairhanks, Morse and Co., Beloit, 
Wisc., for test of 10 missile hoisting units 
(Mk 1 Mod 1), test of nine liner adapters, test 
of 23 liner lifting attachments and repair of 
parts. 

$131,500—Atlantic Research Corp., Alexandria, 
Va., to fabricate and deliver Argas sounding 
rocket hardware. 


LOCKHEED MISSILES & SPACE COMPANY 


Research Center 
Huntsville, Alabama 


invites inquiries from Engineers and Scientists with advanced degrees 
in AE, ME, EE, Physics or Applied Mathematics. Areas of current 


research include: 


GUIDANCE: Formulation of theoretical guidance laws and implementa- 
tion of new concepts, using Calculus of Variations or methods of steepest 
descent and digital simulation techniques. 


FLIGHT MECHANICS: Analog and digital simulation studies of vehicle 
performance; trajectory and guidance systems error analysis; formulation 
of mathematical models of dynamic systems. 


ASTRODYNAMICS: Orbit mechanics and operations; ephemeris deter- 
mination; rendezvous techniques; lunar and interplanetary trajectory 
simulation, mission analysis, maneuvers and controls. 


ADVANCED CONTROL THEORY: Applied research in analysis and 
synthesis of advanced flight control systems—linear and non-linear 
studies with emphasis on optimal controllers and self-adaptive systems. 


Address: Huntsville Research & Engineering Staff, P.O. Box K504, 
Dept. 27/11, Sunnyvale, California 


LOCKAHEED missiles & SPACE COMPANY 


A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


AN EQUAL OPPORTUNITY EMPLOYER 
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$66,427—Atlantic Research Corp., Alexandria, 
Va., contract modification to conduct a re- 
search program to study the physical properties 
of solid propellants. j 


NASA 


$17,000,000—Bendix Fleld Engineering Corp., 
Owings Mills, Md., a three-year contract to 
provide launch services for the Kennedy Space 
Center. 

$2,500,000—Dynamics Corp. of America, Reeves 
Instrument Div., Garden City, N.Y., to build 
three radar tracking antenna systems for the 
Apollo program. 

$995,000—Danlel Construction Co., Huntsville, 
Ala., for expansion and modernization of its 
high pressure gas systems to support testing 
of Saturn V components. 

$822,350—Ling-Temco-Vought, Dallas, for stand- 
ardization of Scout program support equipment. 

$780,000—Radio Corp. of America, Princeton, 
N.J., for flight model single camera automatic 
picture transmission subsystem. 

$200,000—North American Aviation, Inc., Space 
and Information Systems Div., Downey, Calif., 
for a study of ballistic orbital support opcra- 
tions. 

$170,700—North American Aviation, Inc., Space 
and Information Systems Div., Downey, Calif., 
for a manned Mars and/or Venus flyby ve- 
hicle systems study. 

$161,616—Motorola, Inc., Military Electronics 
Div., Scottsdale, Ariz., for command systems 
test sets, 

$146,241—Giannini Controls, Duarte, Calif., for 
study for extending the altitude range of free 
air density sensing technique. 

$142,100—Lockheed Alrcraft Corp., Missiles and 
Space Div., Palo Alto, Calif., for a study of 
prediction and measurement of the convective 
heat transfer to a manned spacecraft during 
re-entry. 


INDUSTRY 


$3,000,000—Ampex Corp., Redwood City, Calif., 
from Radio Corp. of America, New York City, 
for magnetic tape handling systems to be used 
with RCA computers in checkout and launch 
of Saturn boosters. 

$1,660,000—Straza Industries, El Cajun, Calif., 
from Hayes International Corp., Birmingham, 
Ala., for propellant environmental line ducting 
and assemblies for installation in service arms 
for Saturn launch facilities at Cape Kennedy, 
Fla. 

$500,000—Royce Instruments, Inc., Menlo Park, 
Calif., from North American Aviation, Inc., 
for design and manufacture of highly accurate, 
continuous flow particle monitoring systems for 
quality control assurance of Apollo command 
module control and guidance systems. 

$360,000—WestInghouse Electric Corp., Sunny- 
vale, Calif., from United Aircraft Corp., 
United Technology Center, Sunnyvale, Calif., 
to supply 29 electrical distribution consoles for 
the Titan I1I-C booster. 

$175,000—QuantlIc Industries, Pelmac Div., Inc., 
San Carlos, Calif., from Grumman Aircraft 
EngineerIng Corp., Bethpage, N.Y., for the 
design and manufacture of explosively operated 
valves for the Lunar Excursion Module, Apollo 
program. 

$70,000—D.B. Milliken Co., Arcadia, Calif., from 
North American Aviation Corp., Space and 
Information Systems Div., Downey, Calif., for 
twelve high-speed data cameras and eleven 
1,200-ft. magazines. 

$35,000—Consolldated Systems Corp., Pomona, 
Calif., from Hughes Alrcraft Co., Culver City, 
Calif., for design and manufacture of 16-mm 
pulse-operated recording cameras for the 
Phoenix air-to-air missile system. 

General Telephone and Electronics, Sylvania Elec- 
tric Products, Inc., New York City, from Gen- 
eral Electric Co., New York City, for 12 fuel 
elements for the University of Missouri, Co- 
lumbia (amount undisclosed). 

United Technology Center, Sunnyvale, Calif., from 
General Electric Co., New York City, for de- 
sign and demonstration of a pocket-size ‘‘trac- 
tor” rocket. 
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——hroducts and processes 


: New Product of the Week: 


Thermal Conductivity Apparatus 


A new instrument designed to pro- 
vide superior measurements of the rate 
of heat transmission through a variety 
of basic materials has been developed 
by 3M Co. 

The device employs a steady state 
comparative method of measuring this 
quantity where the thermal conductivity 
of an unknown material is compared 
with that of a known material. The ap- 
paratus provides an accuracy of +5% 
and has the ability to test materials— 
such as metals, ceramics, plastics, glass 
and resins—at temperatures from 25° 
to 1,200°C. Required samples can be as 


/ small as one inch in diameter. 


In operation, the unknown sample is 
sandwiched between two identical stand- 
ards with known thermal conductivi- 
ties. By adjustment of seven heaters on 
a guard tube, radial heat flow is elimi- 
nated and the same amount of heat 
flows through known and unknown 
samples in the axial direction. A ther- 
mal balance point is reached when the 


Solid-State Programmer 


A solid-state programmer that ac- 
cepts digital information from punched 
paper tape and generates an analog sig- 
nal of any arbitrary function is being 
marketed by CompuDyne Corp. 

The Model AFP-810 simulates any 
arbitrary function or program by a ser- 
ies of straight-line segments. The num- 
ber of segments required to meet any 
specific accuracy is inversely propor- 
tional to the radius of curvature of the 
function. Each straight line may be de- 
fined by the initial and final amplitude 
and a slope or rate between these two 
amplitudes. 

Specifications include an amplitude 
accuracy of +0.1% and a time accuracy 
of + 1%. Repeatability is 0.05% amp- 
litude and 0.5% time. Frequency gener- 
ation is 16.7 cps maximum for sine 
wave (5% distortion) and 50 cps maxi- 
mum for triangular, 


Circle No, 152 on Subscriber Service Card 


Spectrophotometer 


A single-beam ultraviolet spectro- 
photometer with a wavelength range 
from 190 to 1,000 mw» has been intro- 
duced by Scientific and Process Instru- 
ments Div., Beckman Instruments, Inc. 

The Model DU-2 features a scale ex- 
pansion range from 90 to 100% T., and 
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temperatures at specific points on the 
sample column are within 1°C of the 
respective points on the guard tube. 


Circle No. 151 on Subscriber Service Cord 


a precision cell compartment which ac- 
commodates both microcells and stand- 
ard cells without requiring auxiliary 
equipment, The unit is provided with a 
complement of accessories to measure 
such phenomena as fluorescence, reflect- 
ance, flame emission, reaction rate, 
enzyme kinetics, microanalysis and col- 
umn chromotography. 


Circle No. 153 on Subscriber Service Card 


Sampler-Attenuator 


A sampler-attenuator, which pre- 
cisely levels the output of a sweep oscil- 
lator and provides 60-db power control 
has been announced by Alfred Elec- 
tronics. 

The Model 1150 series has a power 
variation, with frequency from maxi- 
mum power down at least 20 db, to 
+0.5 db. At minimum power, variation 
is typically less than 1.5 db. Insertion 
loss is less than 5 db. 

Five models in the scries cover the 
following ranges: 1 to 2, 1.4 to 2.5, 2 
to 4, 3.5 to 6.75 and 4 to 8 ge. 


Circle No. 154 on Subscriber Service Card 


Displacement Transducer 


The Decker Corp. is marketing the 
Model 985-1 non-contact displacement 
transducer, capable of measuring both 
dynamic and static motion in the lower 
micro-inch ranges. 


The solid-state device utilizes a 
change-in-capacitance approach to con- 
vert minute displacements to analagous 
de and ac voltages. It operates on a 28v 
de input and provides a 0 to +2.5-v dc 
output. Resolving power is approxi- 
mately one part in 5,000. 

Circle No. 155 on Subscriber Service Card 


Precision Clock 


Aerospace Research, Inc., is pro- 
ducing the Model PC-111 precision 
clock. The unit contains a basic oscil- 
lator of 1 X 10° stability and fail-safe 
logic producing pulse outputs at periods 
of 1, 10 and 100 microsecs. and 1 milli- 
sec. 
A feature of the device is push-but- 
ton digital stepping of the output pulse 
position to enable setting the clock to 
within 10 microsecs. of time reference. 

Circle No. 156 on Subscriber Service Cord 


Neutron Generator 


A high yield neutron generator de- 
signed for laboratory activation analy- 
sis systems has been introduced by Tech- 
nical Measurement Corp. 

The Activatron 111 generator deliv- 
ers 10% neutrons per second from a 
high atomic-to-molecular ratio Penning 
ion source with a 200-liter/second ion 
pump. Cooling efficiency and operator 
safety are achieved by immersion of 
high voltage supply, ion source and 
accelerator sections in oil baths. Target 
cooling is accomplished with an integral 
recirculating water system that increases 
the half-life of the target. No external 
water connections are required. 

Unit specifications include: neu- 
tron flux of 1.9 x 10° neutrons/cm’/sec. 


at target holder back surface; thermal 
neutron flux of 10° neutrons/cm’/sec.; 
beam current of 1 ma; operating vac- 
uum of 10° mm Hg range; and power 
supply variable from 0 to 200 kv de. 


Circle No. 157 on Subscriber Service Cord 
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HUARISA GRAHAM 


John B. Huarisa: Appointed as pres- 
ident and chief executive officer of Stand- 
ard Kollsman Industries, Inc., Melrose, 
Park, Il]. He was formerly executive vice 
president and a founder of Admiral Corp. 


Ralph L. McCreary: Named vice pres- 
ident of Watkins-Johnson Co., Palo Alto, 
Calif. He will be manager of the systems 
division with responsibility for advanced 
developments in satellite communications, 
reconnaissance, electronic countermeas- 
ures and surveillance systems. 


Varian Associates, Palo Alto, Calif., 
has elected Dr. Joseph Feinstein as vice 
president-research and Dr. Robert Jepsen 
as director, Central Research Laboratories. 


Ben H. Ciscel: Appointed executive vice 
president of International Electronic Re- 
search Corp., Burbank, Calif., a subsidiary 
of Dynamics Corp. of America. 


Dauiel Willens: Appointed director of 
the systems design subdivision of Aero- 
space Corp.’s Applied Mechanics Div., Los 
Angeles. 


John J. Graham: Elected vice president 
of Curtiss-Wright Corp., Wood-Ridge, N.J. 
and appointed president and general man- 
ager of the Wright Aeronautical Div. 
Joseph V. Miccio, formerly president and 
general manager of Wright Div., has been 
promoted to a new position as a senior 
vice president of the corporation. 


Robert W. Stone and William F. Her- 
wig: Joined the Washington staff of Aero- 
jet-General Corp. as rocket and missile en- 
gineers. 


Sitaram Rao Valluri, Indian Institute 
of Technology, James B. Glassco, Douglas 
Aircraft Co., Inc., and George E. Bockrath, 
Douglas Aircraft Co., Inc. have been se- 
lected to receive the 1964 Society of Auto- 
motive Engineers’ Wright Brothers Award 
for their paper on “Further Considerations 
of a Theory of Crack Propagation in Metal 
Fatigue.” 


Gerald A. Rosselot: Appointed vice 
president of engineering for Bendix Corp., 
Detroit; and C. B. Sung appointed as gen- 

| eral manager and director of the research 
laboratories division. 


Bernard P. Miller: Received the 1964 
Public Service Award of the National Aero- 


LOYND 


GANGNES 


nautics and Space Administration for work 
on the six-camera television system used | 
on Ranger VII. He is Ranger Project Man- | 
ager at Radio Corp. of America, New York 
City. 


Richard B. Loynd: Named president 
of Builder Products Div., Emerson Electric 
Co., St. Louis. Also named to new posi- 
tions were Phillip D. Pryne, administra- 
tive vice president for Emerson’s U.S. elec- 
trical motors division; Robert L. San 
Soucie, president of the electronics and 
space division.; and Richard P. Lindgren, 
vice president-motors for the electrical 
division. 


Thomas Courtney, Jr.: Appointed assist- 
ant program manager of program control 
for the Saturn S-II stage program at North 
American Aviation’s Space and Informa- 
tion Systems Div., Downey, Calif. 


Col. Harold W. Norton: Joined Atlantic 
Research Corp., Alexandria, Va., as head 
of the program management group, en- 
gineering division., propulsion and chem- 
ical systems. 


Paul M. Leland: Joined Viron, a di- 
vision of Geophysics Corp. of America, 
Anoka, Minn, as head of the aerospace 
sciences group. 


George P. Baker: Elected to board of 
directors of Lockheed Aircraft Corp., Bur- 
bank, Calif. He is also dean of the Harvard 
Graduate School of Business Administra- 
tion. 


Alfred V. Gangnes: Elected president 
of Interstate Electronics Corp., Los An- 
geles. He has been vice president and gen- 
eral manager since 1961. 


John D. Gum: Appointed program man- 
ager, systems department at Spectrolab, 
Textron Electronics, Inc., Sylmar, Calif. 
He will be responsible for program coordi- 
nation of the major solar cell assembly and 
electro-optical instrumentation work. 


Newman W. Thibault: Named dircctor 
of research and development, abrasive di- 
vision., Norton Co., Worcester, Mass. Neil 
N. Ault was also named director of reseach 
and development, refractories division. 


Julius T. Tou: Joined Battelle Memor- 
ial Institute, Columbus, Ohio, as a senior 
scientist in information and computer 
sciences research. 
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-—Wwhen and where 


OCTOBER 


Western States Section/The Combustion 
| Institute Fall Meeting, University of 
Utah, Salt Lake City, Oct. 26-27. 


Joint Meeting of the AIAA and the Ca- 
nadian Aeronautics and Space Insti- 
tute, Ottawa, Ontario, Canada, Oct. 
26-27. 


{0th Conference on Welded Electronic 
Packaging, sponsored by the Society of 
Automotive Engineers, Belmont Plaza 
Hotel, New York City, Oct. 27-28. 


11th Symposium on Nuclear Science, spon- 
sored by the IEEE and Air Force Office 
of Scientific Research, Philadelphia, 
Oct. 27-29. 


Fall Meeting of ASTM Committee D-9 on 
Electrical Insulating Materials, Statler 
Hotel, Buffalo, N.Y., Oct. 28-30. 


Annual Mecting and Exposition of the 
Society for Experimental Stress Anal- 
ysis, Hotel Manger, Cleveland, Oct. 
28-30. 


Electron Devices Meeting, sponsored by 
the IEEE, Sheraton-Park Hotel, Wash- 
ington, D.C., Oct. 29-31. 


1964 Annual Symposium of the Society of 
Photographic Scientists and Engineers 
on Unconventional Photographic Sys- 
tems, Marriott Twin Bridges Motor Ho- 
tel, Washington, D.C., Oct. 29-30. 


NOVEMBER 


1964 Northeast Electronics Research and 
Engineering Meeting, Somerset Hotel, 
Boston, Nov. 4-6. 


19th Annual Meeting of the Armed Forces 
Chemical Association, Mayflower Ho- 
tel, Washington, D.C., Nov. 4-6. 


Joint Meeting of the U.S. Army Materiel 
Command and the Institute of Environ- 
mental Sciences, Aberdeen Proving 
Ground, Md., Nov. 5-6. 


Modern Theories of Adhesion and Their 
Applications, sponsored by the Ameri- 
can Chemical Society and the Univer- 
sity of Southern California, Olin Hall 
Auditorium, USC, Los Angeles, Nov. 
6. 


Reinforced Plastics—Principles & Appli- 
cations, a short course at The Univer- 
sity of California at Los Angeles, Nov. 
9-20. 


Symposium on Optical and Electro-Optical 
Information Processing Technology, 
sponsored by ONR, YEEE—Profes- 
sional Technical Group on Electronic 
computers, Optical Society of America, 
and The Greater Boston Chapter of the 
Association for Computing Machinery, 
Somerset Hotel, Boston, Nov. 9-10. 


Instrumentation in Hazardous Areas, a 
course sponsored by the Instrument 
Society of America, du Pont Country 
Club, Wilmington, Del., Nov. 11-13. 


Management Guide to Numerical Control, 
a seminar sponsored by the Numerical 
Control Society, The Summit, New 
York City, Nov. 12-13. 
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Conference on Ground Testing in Simu- 
lated Space Environment, sponsored by 
the AIAA, Pasadena, Calif., Nov. 16- 
17. 


Third International Symposium on Bioas- 
tronautics and the Exploration of Space, 
sponsored by the Aerospace Medical 
Div., AF Systems Command, Brooks 
AFB, Tex., Nov. 16-18. 


Tenth Conference on Magnetism and Mag- 
netic Materials, sponsored by the IEEE 
and the American Institute of Physics, 
Minneapolis, Nov. 16-19. 


Symposium on Microelectronics and Large 
Systems, sponsored by the Office of 
Naval Research and the Univac Div. 
of Sperry Rand Corp., Dept. of Interior 
Auditorium, Washington, D.C., Nov. 
17-18. 


Meeting of the Aerospace Research Ap- 
plications Center, Indiana Memorial 
Union Building, Indiana University, 
Bloomington, Nov. 17-18. 


Tenth Anniversary Tri-Service Confer- 
ence on Electromagnetic Compatibility, 
sponsored by IIT Research Institute, 
Museum of Science and Industry, Chi- 
cago, Nov. 17-19. 


Seventh Hypervelocity Impact Symposiuni, 
sponsored by the Army, Navy, and Air 
Force (Secret Clearance and need-to- 
know certification required for attend- 
ance), Tampa, Fla., Nov. 17-19. 


Manned Orbital Laboratory Progress Re- 
port, sponsored by the American Astro- 
nautical Society, Kresge Auditorium, 
Massachusetts Institute of Technology, 
Cambridge, Mass., Nov. 18-19. 


Northeastern States Navy Research and 
Development Clinic, sponsored by The 
Franklin Institute, Phileo Corp., Tem- 
ple University, the University of Penn- 
sylvania, the Office of Naval Material, 
National Security Industrial Associa- 
tion, and others, Philadelphia, Nov. 
18-20. 


Sixteenth Annual MAECON Technical 
Meeting, Continental Hotel, Kansas 
City, Mo., Nov. 23-24. 


Winter Annual Meeting of the American 
Society of Mechanical Engineers, Stat- 
ler Hilton Hotel, New York City, Nov. 
29-Dec. 4. 


7th Annual Army Aviation Contract Serv- 
ices Symposium, sponsored by the Na- 
tional AeroSpace Services Assn., Inter- 
national Inn, Washington, D.C., Nov. 
30. 


Joint Meeting of the American Nuclear 
Society and Atom Fair, Hilton and 
St. Francis Hotels, San Francisco, Nov. 
30-Dec. 3. 


DECEMBER 


57th Annual Meeting, American Institnte 
of Chemical Engineers, Statler Hilton 
Hotel, Boston, Dec. 6-10. 


131st Annual Meeting, American Associa- 
tion for the Advancement of Scicnce, 
Boston, Dec. 26-31. 
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editorial... 


The History Lesson 


HE MEMO was on the desk of Donald Douglas. 
It read: 

“We are all very much concerned over the drastic 
contracts that the government insists should be exe- 
cuted to do this work. They are not going to allow us 
to make any money; at the same time, the government 
will take no risk whatever, demanding that the manu- 
facturers take their own hazards and risk big losses, 
but with no opportunity to make profits.” 

We are moved to print that bit of correspondence 
in the wake of the Navy’s senseless decision to begin 
taking developed weapons systems out of the hands 
of firms which participated in their research and de- 
velopment to put them up for open bid in the profit- 
able production stage. 

Timely as that memo might seem, the date on it 
was September 5, 1917. It was signed by Glenn L. 
Martin and is recorded in Henry Still’s excellent biog- 
raphy of Martin. 

If the aviation pioneer still were alive, he might 
today be writing another such memo to Donald 
Douglas, for the Martin Company was one of the first 
affected by the new Bureau of Naval Weapons policy. 

The Martin Co. lost the Bullpup air-to-surface 
missile production contract to Maxson Electronics 
Corp. Maxson also was a successful bidder on the pro- 
duction contract for Beech Aircraft’s AQM-37A mis- 
sile target drone. Maxson is among 17 firms asked to 
bid on the major guidance and control production 
contract for the Sidewinder IC air-to-air missile, a 
system developed primarily by Philco. The Astor 
ASW missile is the next to be subjected to this inane 
policy. 

The very able president of Maxson is frank to 
admit that one reason for the firm’s success is that it 
is not burdened with the heavy research and devel- 
opment overhead of larger aerospace companies. 

We can understand the Maxson enthusiasm for 
the Navy policy. But we most certainly cannot under- 
stand the Navy decision to follow a route which 
threatens not only the basic stability of industry re- 
search and development but also the very effective- 
ness of the future weapons upon which the Navy 
itself will depend. It is made plain, however, that the 
functioning of the industry is no better understood 
by government now than at the time Mr. Martin 
penned his note to Mr. Douglas 47 years ago. 

Since the Navy was a considerable benefactor of 
early Martin research and development, it might be 
educational to the defense executives responsible for 
the new BuWeps policy if we review some of the 
history in Mr. Still's book. 

It is notable that Glenn L. Martin’s anger was 
due in part to the government’s disastrous decision 
to turn over World War I aircraft production to the 
automobile manufacturers—an interesting coincidence 
since a former automotive executive holds the respon- 
sibility for the Navy’s present policy. In World War I, 
you will recall, not one American-built plane reached 
the front by Armistice Day. 

The Glenn L. Martin Co. was destined to become 
one of the fountainheads of the aerospace industry, 
since working for Martin at that time, in addition to 


Douglas, were such other industry pioneers as Law- 
rence Bell and J. H. (Dutch) Kindelberger. These all 
were men who were willing, both then and later, to 
invest their own time and money in projects which 
they believed were worthy of government production 
contracts. One of the first was the MB-1 bomber, 
which Martin urged upon the government and which 
proved one of the most durable aircraft of the US. 
Air Service in the post-war period. 

The MB-2, ready for delivery in 1920, could 
carry a 3,400-lb. bombload to 30,000 ft. It was the 
outstanding U.S. heavy bomber for a full ten years. 
Where would the MB-2 improvements have come 
from had the MB-1 production contract been taken 
away from Martin and given to a Maxson? 

In the thirties, Martin designed and built the 
twin-engine B-10 bomber at company expense to 
enter a U.S. Air Corps competition, which it lost to 
the Boeing B-9. Further company funds were poured 
into improving the B-10, until its performance as- 
sured it a role as the fastest and most powerful 
bomber in the world. The Army ordered 117 of them. 
As Mr. Still notes, it set the pace for all bomber de- 
sign in that decade and its development was honored 
by the award of the Collier Trophy. 

Certainly, it is fair to raise the question of where 
the money came from that the company put into de- 
velopment of the B-10. It came from profits made 
on the MB-1 and MB-2 and on such Navy aircraft 
as the BM-2 and the PM flying boats, profits that 
might not have existed had those production con- 
tracts gone elsewhere. 


OR IS IT NECESSARY to remain with aviation 
history to find examples of company foresight 
and funding in research which have been of major 
benefit to the government. One of the first to come to 
mind in the missile field is Convair’s decision to carry 
on development of a long-range ballistic missile when 
the government economy axe fell on Project MX-774. 
Pressed by Charlie Bossart’s conviction that there was 
an ICBM in the company future, Convair put its own 
funds into ICBM research throughout 1949 and 1950. 
When government interest was renewed in 1951, Bos- 
sart and his team were ready with some important 
improvements, including the stage-and-a-half design 
and the addition of verniers for directional control. 
We could cite many such examples. It probably is 
safe to say that no major weapon system has been 
developed which did not see substantial financial par- 
ticipation by the manufacturer in the research stage. 
It is hardly remarkable, therefore, that the major 
aerospace firms are deeply concerned by the new 
Navy open door policy on production contracts, a 
policy which can make it unattractive to risk com- 
pany funds on promising research and development. 
Any apparent cost reduction achieved by this 
policy is a temporary and fallacious one. Its eventual 
cost to the Navy and to the nation can be disastrous. 
We recommend the Navy be ordered to cease and 
desist at once. 


William J. Coughlin 
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It’s possible that some people 
have never heard of a project 
called SNAP-50/SPUR. 

But they will. 


Oe are this 
nation has never had 
a more challenging 
space project than 
this attempt to 
supply man-in-space 
with electrical power. 

And that means enough elec- 
tricity to provide a mission with all 
the power needed for space com- 
munications, propulsion, research, 
weapons and life support. 

This is SNAP-50/SPUR. 

It is a brilliant answer to some 
demanding questions: 

How do you build a power sta- 
tion that must be a giant in out- 
put, but small in size and weight? 

How do you invent a space 
power station that furnishes relia- 


ble, continuous power for more 
than a year? 

The solution staggers the 
imagination. 

Yet, such a system, designated 
SNAP-50/SPUR, is now being 
developed under the sponsorship 
of the Atomic Energy Commis- 
sion and United States Air Force. 

SNAP-50/SPUR will employ a 
nuclear reactor as a heat source to 
operate turbines that will drive 
electrical generators. Heat rejec- 
tion and cooling is accomplished 
by a cylindrical radiator. 

Working temperatures in the 
system are near that of molten 
iron. Here, conversion and rejec- 
tion of heat demands the most 
advanced technologies. 

Closed loop power conversion 
systems necessary for this kind of 
power production are being 
designed and tested by Garrett- 
AiResearch. 

Garrett-AiResearch, with 25 
years of experience in research 
and production of heat transfer, 
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turbomachinery, 
control systems, 
liquid metals, 
metallurgy, thermal 
management and 
electrical power 
management has 
already developed much of the 
technology to be used in SNAP- 
50/SPUR power conversion 
equipment. 

Today, in Garrett labs, turbines 
and heat exchangers are being 
operated with alkali metals at 
high temperatures. 

Major components will be 
tested this year in Garrett’s 
Phoenix facilities. Turbodynamic 
bearing tests (picture at left) are 
already in operation. 

SNAP-50/SPUR is a rewarding 
assignment — actually the fore- 
runner of future space power 
plants. Certainly, it demands 
unique capabilities. That’s why 
Garrett is playing such an impor- 
tant role. Because... 


Garrett 
7§ experience 


AIRESEARCH 


Los Angeles + Phoenix 


PROBLEM-SOLVING WITH NUCLEAR TECHNOLOGY | 


Aerojet-General Nucleonics pursues advanced research and development in the areas of compact 
nuclear power plants, fissiochemistry, high temperature reactor technology, advanced physics and 
liquid metal technology. These capabilities are now generating unique concepts pointed toward the 
solution of some particularly difficult problems, including: 


UNDERSEA TECHNOLOGY—the creative matching of radioisotopes as heat and/or power sources for the under- 
sea environment. 


MOBILE ENERGY DEPOT—demonstrating a new process to produce hydrogen and oxygen fuel from water in 
the field. 


GEODESY—design of an incandescent satellite powered by nuclear fission for use as a geodetic aid. 


HIGH EFFICIENCY DIRECT CONVERSION—exploring the chemistry of a new type of thermal-to-electric energy 
converter promising efficiencies in the range of turbomachinery. 


NON-DESTRUCTIVE TESTING—using radionuclide sources for non-destructive testing of solid rocket motors, 
tungsten billets, and fuel pins. 


MAGNETOHY DRODYNAMICS—low temperature ionization by thermionic emission. 


AGN 


AEROJET-GENERAL NUCLEONICS /San Ramon, California 
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Radar Antenna Radome Inspected at Goodyear 
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The Syncom satellite is unique among 
all heavenly bodics— man or nature- 
made. If you could peer through a tele- 
scope which could discern it — hanging 
still in the numbing vastness of space, 
22,300 miles above the earth—you would 
witness an amazing sight. 

As you watched, all the other stars 
would move, but Syncom would not. It 
would appear to be perched atop a pole 
of monumental height, whose base was 
driven into the middle of the Pacific 
Occan’s expanse. 

From this height, and hanging always 
at onc point above the carth, Syncom can 
perform feats of communication which no 


other satellite has ever been able to do. 

Syncom now looks down on over a 
third of the globe — covering Japan, Aus- 
tralia, the Philippines, the Pacific islands 
and North America. 

It can exchange television and radio 
signals between any of these points — at 
any time of day, without interruption. 

A dramatic sample of these abilities 
was yours to share when Syncom brought 
you the opening of the Olympics “live,” 
not on film, direct from Tokyo, 

Japan to your television set. 

IWUCHES and NASA are 
justifiably proud of Syncom. 

It is a major step toward 


Products like Syncom, devised to let mankind / 
share in the fruits of science, illustrate how Hughes is 
creating a new world with electronics. 


\ 


a worldwide television, telephone and 
radio communications system which all 
the world can use. 

The next step will be made early next 
year. Then, a HUCHES Syncom-type 
satellite will be “parked” over the Atlantic 
for the Communications Satellite Cor- 
poration. “Public Satellite #1” — it will 

bring the continent of Europe as close 

as your telephone and television sct. 
Engineers and scientists are invited 
to inquire about careers at Hughes — 
an equal opportunity employer. 
_ For information write Mr, D. A. 
~» Bowdoin, Hughes Aircraft Com- 
pany, Culver City 11, California. 


' HUGHES 
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Donie designed to protect a radar antenna 
undergoes inspection at Goodyear Aero- 
Space Corp., Akron, Ohio. Test model was 
built under contract to Bell Telephone 
Labs, and gets its strength from its shape, 
which transfers stresses to base. Gaps in 
glass fiber skin will be closed. 
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letters 


Space Age Lethargy 


To the Editor: 


I read with interest and appreciation 
you Oct. 19 editorial (“The Gauntlet”). 
There is little doubt in my mind that a 
large part of man’s future will be concerned 
with space exploration. In this regard, I 
have been extremely disappointed at the 
efforts of the United States. 

A significant sidelight on this situation 
is that we have probably the most extensive 
publishing program of space science books 
in this country. However, the response to 
this program has been most disappointing 
and has necessitated a severe re-evaluation 
of our future publishing in this field. As 
an example, your article quotes Kenneth 
Gatland, of the British Inter-Planetary 
Society, indicating that Voskhod is the 
complete answer to those who have been 
saying the Russians had lost interest in 
sending men to the Moon. In 1964 we 
published Mr. Gatland’s book on Tele- 
communication Satellites, for North Amer- 
ican distribution. This text was originally 
published by ILIFFE Books Ltd. in Eng- 
land. Much valuable information on Tele- 
communication Satellites is contained in 
this volume and it was prepared with the 
cooperation of a large number of com- 
panies and agencies, including NASA. Al- 
though we promoted this book extensively 
(as well as other texts in our Space Tech- 
nology Series), we distributed less than 
500 copies. 

It was an interesting coincidence to find 
in the same issue of M/R Mrs. William 
Fleming’s letter to the editor regarding the 
lack of available material in the space field. 
Mrs. Fleming indicated that her 15-year- 
old son has an insatiable yearning to learn 
more about space, but most schools don’t 
offer any such materia! in their course of 
study. Mrs. Fleming is quite right! 

Our experience shows a lack of contin- 
uing education among our professional 
people (regardless of the reasons involved). 
If, as we find it to be, there is little motiva- 
tion or availability for high schoo! or col- 
lege students to learn more about the space 
science and technology field, I cannot help 
but shudder when contemplating America’s 
future in this most important area. 


Walter R. Welch 
Engineering Editor 
Prentice-Hall, Inc. 
Englewood Cliffs, N.J. 


Squashy Subject 


To the Editor: 


Your Oct. 12 editorial (“A Bit of a 
Squashy Subject”) struck a particularly 
responsive chord with me. Mr. McNamara 
has apparently forgotten the lesson taught 
by Prohibition. 

The problem of govenment and indus- 
try attempting to provide comprehensive 
and all-embracing instructions and stand- 
ards is one of serious proportions in many 
other areas as well. The objective seems to 
be the elimination of judgment factors 
from all fields of endeavor, no matter how 
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simple or complex. Presumably we will 
ultimately be able to expect any inexperi- 
enced layman who is a proficient reader 
(a fairly exacting qualification) to satisfac- 
torily perform any task and be possessed 
of faultless morals after having merely read 
the appropriate manuals. 

R. L. Gifford 

Jackass Flats, Nev. 


Pound-Foolish? 


To the Editor: 

It is incredible to me that, as reported 
in M/R, Oct. 19, NASA apparently won't 
make any attempt to significantly increase 
its FY 1966 budget request because a 
“crash program” would cost several hun- 
dreds of millions of dollars and would gain 
at best only 6-12 months in the present 
U.S. lunar landing schedule. 

Six to 12 months is easily worth several 
hundreds of millions of dollars if it could 
decide the Moon race. 

Les Garrault 
Chicago 


ESRO Launches 


To the Editor: 

In your article “ESRO Facility To Buy 
U.S. Equipment” (M/R, Oct. 19, p. 24) 
you state that “the organization will have 
to pay for Scout launches of the relatively 
small ESRO I and ESRO II satellites .. .” 

This is quite wrong. The Memorandum 
of Understanding signed by ESRO and 
NASA includes both of these satellites in 
the framework of NASA’s international 
programs, and the launching (including 
provision of the launch vehicle) will be 
NASA’s contribution to this cooperation. 

A. Dattner 

European Space Research 
Organization 

Paris 


Reprints of ASW Report 


REPRINTS of the entire 
Special Report on Anti-Sub- 
marine Warfare published in 
the September 21 MISSILES 
AND ROCKETS may be obtained 
from: 


Research Department 
Missiles and Rockets 


1001 Vermont Avenue, NW 
Washington, D.C. 20005 


Price is $1.00 per copy. Bulk 
rates upon request. 


Two-man space cabin simulator 


G-E resources assure 
future flight success: 
define mission, optimize 
pilot performance = 


To assure MOL every chance tol 
prove the real potential of man’s) 
active role in space, General Electric) 
scientists turn to an unmatched 
complex of laboratories and space 
simulation resources at Valley Forge! 
Space Technology Center. They first’ 
define—then 
prove to the ex 
tent possibl 
without extend- 
ed weightless- 
ness—what man’ 
can do in a 
spacecraft en- 
vironment. Indi- 
vidual mainte 
nance and con: 
trol tasks are analyzed in the fiv 
degree - freedom Spaceworker — th 
frictionless equivalent of a zero-G en= 
vironment. Rendezvous, docking, con= 
trol and life support functions are 
tested in equally realistic simulators. 
Specific experimental results hav 
been fed into a high-fidelity system- 
level simulator where two men per- 
formed entire space flights fro 
launch to touchdown. 


Such thorough simulation helps! 
maximize man’s contribution in the 
demanding conditions of orbit. | 
assures task re- 
quirements 
within man’s ca- 
pability. And 
once real flight 
data are availa- 
ble, simulation 
performance 
can be correlat- ‘ 
ed with actual 
results to ex- Docking Simulator 
tend the range of realistic earth- 
bound testing. 

For more information on how G-E 
capabilities, resources and experi- 
ence can be—and are being—applied 
to the problems of manned space 
flight, write Mgr., Manned Orbital 
Laboratory Operation, Valley Forge 
Space Technology Center, General 
Electric Co., Philadelphia, Pa. 162-02 
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“Spaceworker” 
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jace payload to space pilot 
G-E MOL study advances 
Ian's evolving space role 
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IT WAS THE FIRST 
MISSILE FLIGHT WITH 
FULLY-INTEGRATED 
MICROELECTRONICS 
SYSTEMS 


MINUTEMAN li 
SCORES COMPLETE 
SUCCESS ON 
3000-MILE MAIDEN 
TEST FLIGHT 


The first flight of the Minuteman II represents a breakthrough in the application of micro 
electronics to military and space systems. The guidance, control, and checkout systems 
for the Minuteman I] were designed, developed, and produced for the U. S. Air Force by 


NAA/Autonetics and its nationwide team of suppliers. 


North American Aviation ya ay Autonetics Division 
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The Countdown 


WASHINGTON 


NASA Considers LEM Radar Backup 


NASA is studying the possibility of a back-up develop- 
ment for the RCA rendezvous radar system for the Lunar 
Excursion Module, This move would be preceded by a study 
contract from Manned Spacecraft Center. NASA is not dis- 
satisfied with RCA but regards the radar area as one of high 
risk. 


MOL Bids To Be Asked Soon 


Air Force’s Manned Orbiting Laboratory is far from dead 
—despite a report in a weekly aviation magazine. Top gov- 
ernment officials say the requests for proposals will go out 
early this month. The account of the program’s demise is 
described as “completely wrong.” 


Sullivan Takes Over at OART Division 


Frank Sullivan was selected as acting director of the 
Electronics and Control Division of NASA’s Office of Ad- 
vanced Research and Technology, effective Nov. 1. He was 
deputy director to Dr. Albert J. Kelley, now deputy director 
of the Electronics Research Center. 


Technical Solutions Needed for Voyager 


The Voyager spacecraft program is said to require devel- 
opment of an isotope power supply capable of generating 
about 300 watts. Another major technical hurdle is the need 
for significant improvement in stability of radio frequencies 
required to track the spacecraft accurately, 


Centaur Launch To Carry Dummy Surveyor 


Centaur 4 launch—still scheduled for Cape Kennedy 
about Nov. 17—will carry aloft an object simulating the 
Surveyor spacecraft. NASA hopes to get a complete burn 
of the Centaur stage engines that will propel the spacecraft 
simulator and the stage into elliptical orbit. This also will 
permit a test of the hydraulic pump which marred the Cen- 
taur 3 flight last summer. 


Agena To Use Nitrogen Tetroxide 


One of the basic assumptions of the Titan II-X program 
is that the Agena upper stage would use nitrogen tetroxide 
(N,0,) as an oxidizer rather than red fuming nitric acid. 
This would boost specific impulse of the Agena by better 
than 25 seconds and enable the vehicle to put a heavier 
payload into orbit. 


INDUSTRY 
Look Out, Here He Comes Again 


Maxson Electronics Corp., which in the period of a few 
weeks earlier this year won sole-source production contracts 
on the Martin Bullpup air-to-surface missile and the Beech 
AQM-37A missile target drone, now is rumored to be at or 
near the top of future production source selection lists for 
the Walleye air-to-surface glide bomb and the Shrike air-to- 
surface anti-radiation missile. These all are Navy programs 
contracted for by the Bureau of Naval Weapons. 
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GD/A Studies Rotational Environment 


An experiment to study man’s adaptability to a rotational 
environment on long space missions is being conducted by 
General Dynamics/Astronautics life sciences division in San 
Diego, Four research engineers will enter a whirling chamber 
for eight days to carry out spin tests and psychological and 
physiological experiments. The box-like chamber is mounted 
on the arm of a centrifuge. 


Hughes Scientists Miffed at Syncom Use 


A number of Hughes scientists and engineers who worked 
on the Syncom III communications satellite are irked at the 
failure of NBC to make better use of it during the Olympic 
games in Tokyo. The network locked up Syncom’s time dur- 
ing the Olympics but used it live only for the opening cere- 
monies. Even those were carried on tape for the West Coast. 


INTERNATIONAL 


French Hush Electronic Development 


Sources close to the French IRBM program say a remark- 
able amount of highly sophisticated electronic hardware has 
been developed and is in production for the program and its 
accessory fields. Little information is being released on these 
developments, however, due to the desire of the French gov- 
ernment to break the news at the 1965 Paris Air Show. 


British Buy May Boost Sparrow Market 


Substantial agreement was reached last week between 
the U.S. and Britain on development of two prototype Mc- 
Donnell F-4 fighters for the Royal Navy. The program could 
result in significant new business for Raytheon, which manu- 
factures the Sparrow III air-to-air missile, primary armament 
for the fighter. The F4-C houses four Sparrow III’s semi- 
submerged in the fuselage, with a similar arrangement ex- 
pected in the British version. Production buy under consid- 
eration is a large one. 


Sweden Okays Saab 305 Missile Program 


The Swedish Air Force has been authorized $3.3 million 
for continued development of the Saab 305 air-to-surface 
radio-guided missile. An additional $1 million has been pro- 
vided for general missile research. 


Chinese Missile Threat Seen Distant 


Pentagon insiders believe a delivery system for thc new 
Chinese Communist A-bomb is a long way in the future. 
They say Chinese efforts at missile research and devclopment 
have not been very successful. Secretary McNamara predicts 
it will be years before the Chinesc complete development of 
even short-range missiles. 


Work Starts on First ESTRACK Station 


Ground has been broken in Belgium for the first 
ESTRACK (European Space Tracking) station in the ESRO 
system. This will be the main unit of the system. 
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The Missile /Space Week 


NERVA System Test Jumps Year 


The first system configuration test 
of the NERVA nuclear rocket engine 
complete with reactor is now sched- 
uled for fall, 1965, more than 12 
months earlier than originally 
planned. 

The decision by the joint NASA- 
AEC Space Nuclear Propulsion Of- 
fice to update the test stemmed from 
the recent highly successful Kiwi-B- 
4E (Los Alamos Scientific Lab) and 
the NRX-A2 (Aerojet-General, West- 
inghouse Electric) full-power and re- 
start reactor tests. 

The test date acceleration will 
probably mean an expanded effort at 
Aerojet in component and subsystem 
development and testing. 


RFP’s Issued for Space Engine 


Marshall Space Flight Center has 
requested proposals by Nov. 30 for 
the development of a 100-lb.-thrust 
rocket engine for manned space flight 
systems. 

The multi-purpose engine—to be 
called the C-1—could be employed for 
spacecraft attitude control and ma- 
neuvering systems and launch ve- 
hicle ullage and attitude control sys- 
tems. 

The engine will be powered by 
monomethylhydrazine (MMH) and 
nitrogen tetroxide. Eight nozzle con- 
figurations will be needed for use in 
its various possible applications. 

Interested firms must submit 
technical proposals by Nov. 30 and 
cost proposals must be submitted one 
week later. 

Two firms will be selected to do 
parallel work during the six-month 
definition phase of the program. 
Phase I will be done under a fixed- 
price contract. 

If the program is continued past 
the first phase, the development phase 
is expected to be with one of the orig- 
inal contractors under an incentive- 
type contract. 


Detection Satellite Launch Set 


NASA has scheduled a launch of 
its S-55C meteoroid detection satellite 
for no earlier than Nov. 5 from Wal- 
lops Station, Va. 

If successful, it will be designated 
Explorer 23. Its planned orbit is 637 
mi. high and 205 mi. at its closest 
point to Earth. Its orbital period is 
expected to be 99.6 minutes. 

An earlier version of the satellite, 
S-55B, circled the Earth for seven 
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Positive Proof of Redeye Effectiveness 


ARMY’S REDEYE air-defense missile successfully intercepted this Grumman F-9F jet 
target drone recently during a development test-firing at China Lake, Calif. (M/R, Oct. 
26, p. 10). The shoulder-fired niissile was not carrying a warhead. Part of the missile can 
be seen imbedded in the tail section (arrow) of the plane, which was travelling at more 
than 420 knots. General Dynaiics/Pomona is Redeye prime contractor. 


months after its launch on Dec. 16, 
1962, and provided the first sampling 
of meteoroids in near space. 


Shots of the Week 


The Air Force on Oct. 28 success- 
fully launched the fourth in its series 
of ASSET lifting body experiments. 
The vehicle impacted some 900 miles 
from Cape Kennedy near Grand Turk 
Island after achieving a maximum 
altitude of more than 30 miles. The 
shot was termed “very successful” 
and data flow over the two VHF 
channels was said to have been good. 
No recovery of the craft was at- 
tempted. Two shots of ASSET re- 
main in the series. 

® The American Science & Engi- 
neering Corp. launched the 500th 
Aerobee sounding rocket on Oct. 26 
from White Sands Missile Range, 
N.M. 

® The Soviet Union last week 
launched two more satellites in the 
Cosmos series. Cosmos 49 and 50 
scientific satellites were sent into or- 
bit on Oct. 24 and 27 respectively. 


Phillips New Lunar Official 


The space agency has named Maj. 
Gen. Samuel C. Phillips director of 
the Apollo lunar program. 

Since Jan. 15 he has served as 
deputy director under Dr. George E. 
Mueller, associate administrator for 
manned space flight and acting 
Apollo director. 

Before assignment to NASA, 
Phillips was Vice Commander of the 
Air Force Ballistic Systems Div. 


ComSat Hopeful of FCC Ruling 


The Communications Satellite 
Corp. is hoping for a quick and favor- 
able ruling from the Federal Com- 
munications Commission on control 
of the U.S. ground stations for the 
international satellite communica- 
tions system. 

ComSat filed its second statement 
with the FCC last week in answer to 
several requests that the corporation 
be denied ownership and operation 
of the initial stations. 

Arguments for ComSat control 
included the fact that the corporation 
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would have no conflicting interest in 
the form of competing international 
communications systems, as might 
communications common carriers op- 
posing the request. 

Corporation officials told MISSILES 
AND ROCKETS that development of 
the stations must begin soon in order 
to be ready when the first satellites 
are launched in 1966. Lead time for 
ground station development is ap- 
proximately 18 months. 


ARPA Building Seismic Array 


A major new seismic array will 
be built by the Advanced Research 
Projects Agency in the Miles City- 
Glendive area of Montana as part of 
its activities in the detection of un- 
derground nuclear tests. Work is 
scheduled to start in the near future, 
with equipment installation to be 
completed by next summer. 

Compared with five arrays ARPA 
has built and is now operating in 
Oregon, Utah, Tennessee, Arizona 
and Oklahoma, this unit will be large- 
sized. Operational arrays are on the 
order of 12 km. while the new 
array will be on the order of 200-500 
km. Located in the U.S. for conven- 
ience, the new seismic installation 
will investigate design problems of a 
large array. Initially, the seismome- 
ters will be located either on the sur- 
face of the Earth or perhaps 100 ft. 
below. Eventually, ARPA may build 
a deep-hole array, but this is com- 
paratively expensive. 


GT-3 Vehicle Goes to AF 


The Air Force has taken delivery 
of the first manned Gemini (GT-3) 
launch vehicle from the Martin Co. 
Turnover of the vehicle from the Air 
Force to NASA is to occur later this 
year at Cape Kennedy. 

The vehicle (GLV-3) is the third 
of the 15 Titan IJ launch vehicles to 
be built by Martin. The present 
schedule calls for GLV’s to be turned 
out at a rate of one every quarter. 


Correction 


AN ITEM in M/R, Oct. 26 
(p. 10) reported that Interna- 
tional Telephone and Telegraph 
Corp.’s Inteleom subsidiary had 
told the FCC it opposed giving 
ComSat Corp. exclusive rights 
to build and operate ground 
stations. The statement actu- 
ally was made by ITT itself; 
Inteleom has no business rela- 
tionship with either ComSat or 
commercial aspects of ITT. 
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Design is the answer to cable performance: 
60,000 ft. above ground or 1200 ft. below. 


Wires and cables are engineered 
products at Rockbestos. Like the cables 
above for example. 

The flexible coaxial cable at left was 
designed to function at altitudes up to 
60,000 feet. Rated 1500 watts ew at 
1 Ge, it has an improved “semi-solid” 
Teflon dielectric core, maintains its 
dimensional stability at temperatures 
from —67°F. to 203°F. 

The “Down-hole” cable at right was 
designed for water-tight service 1200 


feet below ground and for resistance to 
an intermittent temperature of 1100°F. 
Fourteen different materials are used 
in this cable’s insulation and jacket to 
provide the required physical and elec- 
trical properties. 

These are only a few of the unique 
constructions designed and produced 
by Rockbestos. For total cable design 
capability, or for many “off-the-shelf” 
wires and cables which may solve your 
problem, call or write: 


ROCKBESTOS wire « caB.E co. 


DIVISION OF CERRO CORPORATION 
MAIN OFFICE AND FACTORY: Nicol) and Canner Streets, New Haven, Conn. 


Circle No. 2 on Subscriber Service Card 
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Program definition in ’65... 


3-T Successor Develops Slowly 


A CONTRACT for full-scale devel- 
opment of an Advanced Surface Missile 
System (ASMS) for fleet air-defense in 
the 1970’s “could not be executed” prior 
to calendar year 1966, a Navy official 
has told MissiLes AND RockeTs. Pro- 
gram definition of the system is expected 
in the second half of 1965, however, 
after selection of Program Definition 
Phase (PDP) contractors by the middle 
of the year. 

One of the prime reasons for the 
Navy’s slowness on the ASMS program 
is its desire to have available the test 
results from critical components of the 
Typhon system. These systems have 
been installed aboard the USS Norton 
Sound and are scheduled to undergo a 
one-year test. 

Meanwhile, the Navy is continuing 
its “get-well” program on the Tartar, 
Terrier and Talos surface-to-air missiles 
now deployed in the fleet and is work- 
ing on a standardized missile to replace 
the Tartar and Terrier. Both of these 
programs are moving along well, Navy 
officials say. 

@ ASMS plans—In August of this 
year, the Navy awarded pre-program 
definition contracts to seven industry 
teams to study the Advanced Surface 
Missile System. These contracts are to 
run for five months, with initial funding 
of approximately $500,000. The com- 
panies involved include Raytheon, Boe- 
ing, Sperry Rand, General Electric, 
Westinghouse, Radio Corporation of 
America and Hughes Aircraft. 

The advanced missile system, like its 
predecessor, the now-cancelled Typhon, 
is to provide fleet air-defense against the 
targets anticipated in the 1970 time pe- 
riod—including high-performance air- 
craft and air-to-surface missiles. Beyond 
Typhon, however, the Navy is looking 
for a smaller, more compact system 
which could be employed by destroyers 
as well as larger ships. Typhon had 
grown so much by the time of its can- 
cellation that it could be deployed only 
on a relatively small number of the 
Navy’s larger ships. 

Reliability is another requirement 
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by James Trainor 


the Navy is imposing. Typhon, Navy 
Officials say, “had so many travelling 
wave tubes” that it promised to be a 
very unreliable system. Finally, advances 
in technology over the Typhon are ex- 
pected to reduce the power requirements 
of the missile launch and fire-control 
system. These were prohibitive in the 
Typhon system, officials say. 

Typhon technology is not being dis- 
carded, however; in fact, it will form 
the basis for several major systems in 
the ASMS. Specifically, the Typhon 
equipment installed on the Norton 
Sound will be used to test a new, “highly 
effective” Ludenberg Lens radar and a 
computer control system for the radar. 
An “all-up” systems test, scheduled for 
next spring, is expected to answer effec- 
tiveness questions for the Navy before 
the systems are put into the ASMS con- 
cept. 

By the time program definition be- 
gins next summer, the Navy expects to 
have the technology and component de- 
velopment well enough in hand to con- 
vince the Dept. of Defense to authorize 
PDP. Although a previous announce- 
ment in August estimated that only four 
contractors would be carried forward 
into program definition, Navy officials 
now say that they cannot estimate how 
many of the seven will be carried for- 
ward—and they do not want to “pre- 
judge” the pre-PDP competition. 

® Standardized missile—lIn order to 
ease the logistical support required for 
three fleet air-defense weapons and to 
increase the reliability and effectiveness 
of shipboard missiles, the Navy is devel- 
oping a missile to replace Tartar and 
Terrier. This will not be a new system. 
Rather, it will use existing launchers 
(with minimum adaption) and fire-con- 
trol system—merely adding a booster to 
achieve greater range. 

The standardized missile will be 
based on the Terrier homing missile now 
being procured. Procurement of the new 
system is expected to begin in Fiscal 
Year 1967 or ‘68. 

@ 3-T program—One of the most 
controversial subjects in Congress is the 


status of the Tartar, Talos and Terrier 
missile programs. All four committees 
of the Congress which deal with military 
affairs have criticized the low kill prob- 
abilities and high level of down-time 
associated with these three weapons. 

However, since 1962, the Navy has 
established a special, high-priority pro- 
gram under the management of Adm. 
Eli T. Reich to correct these deficien- 
cies. Some $275 million will be spent on 
what has come to be known as the “3-T 
get-well program.” Encouraging results 
have been obtained, Navy officials re- 
port. They single out the operational 
readiness of Tartar as a dramatic im- 
provement. 

Reich bristles at the criticism aimed 
at the $1.3-billion 3-T program. He 
notes that naval guns were perfected 
over the course of 100 years while fleet 
air-defense missiles have been with the 
Navy for only about 10 years. Also, he 
feels, some hard and courageous deci- 
sions were made in the 1950’s, when it 
was decided to replace guns with mis- 
siles. 

The lead time for ships, he points 
out, is 314-4 years. Hence to have a mis- 
sile capability in the 1960's, the decision 
to outfit the ships had to be made while 
there were relatively few missile ships— 
and even those were still in development, 

“The point before the house,” he 
says, “is that we’re on the upgrade in 
terms of effectiveness and what pays off 
is having something operational.” Also 
Reich claims, the real test is “what sys- 
tem are other navies buying?” He an- 
swers his question by citing interest in 
the 3-T’s in Italy, France, West Ger- 
many, Australia and Japan. 

Finally, one of the major problems 
has been the geometric growth in the 
number of missile ships—from one in 
1955 to 74 in 1966. This has caused a 
host of problems across the board— 
from logistics, personnel and training 
to availability, readiness assessment and 
performance. By 1966, however, when 
the “get-well” program is expected to 
end, the fleet air-defense missile prob- 
lem should be well resolved. a 
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Newell discloses... 


Science Academy Wants Post-Apollo 
Priority for Unmanned Planetary Shots 


THE NATIONAL Academy of Sci- 
ences disagrees with NASA’s top man- 
agement on how the agency should plan 
its post-Apollo space programs. 

The Academy’s Space Sciences 
Board has informed NASA Administra- 
tor James E. Webb that it strongly 
favors a vigorous, imaginative program 
of exploration of the solar system. 

As part of the program, the Board 
said, it wants NASA to give a higher 
priority to unmanned planetary effort 
(including exobiology) than to a large- 
scale follow-on of the current manned 
lunar-landing program or to manned 
Earth-orbital missions. 

The Academy position was revealed 
by Homer E. Newell, Deputy Associate 
Administrator for Space Sciences and 
Applications, in a speech before a meet- 
ing of the Institute of Electrical 
and Electronics Engineers—Profes- 
sional Technical Group on Nuclear 
Science in Philadelphia Oct. 28. 

Newell, who heads NASA _ un- 
manned programs, also indicated that 
he endorses the Academy’s position. 
He told the group that “this, I believe, 
reflects the general opinion of the sci- 
entific community and is an important 
factor to weigh with all the other factors 
that must be considered in deciding on 
what next (post-Apollo).” 

@ Front-office view—Top NASA 
management apparently does not agree. 
Dr. Robert C. Seamans, Jr., associate 
administrator and general manager of 
the space agency, recently told MIssILEs 
AND ROCKETS the agency’s immediate 
post-Apollo program will include 
manned orbital flights of one to two 
months, manned polar- and synchro- 
nous-orbit flights, extended exploration 
of the Moon with the Lunar Excursion 
Module truck spacecraft, and unmanned 
exploration of Mars with the Mariner 
spacecraft in 1969 and with the Voyager 
spacecraft in 1971 (M/R, Oct. 26, 
1964, p. 14). 

He indicated no higher priority for 
the latter two projects. In fact, he said 
that in the 1970’s the agency probably 
would move to manned Earth-orbital 
operations of six months to one year. 
Plans are for a mobile laboratory for 
extended lunar exploration, post-Saturn 
V launch vehicles, and other projects 
such as recoverable boosters. 
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by Hal Taylor 


Evaluated simply on the basis of 
cost, the manned projects would cost 
billions of dollars more than the esti- 
mated $2-to-3-billion pricetag for un- 
manned exploration of Mars. 

Other space agency officials refused 
to comment on the Academy position. 
They said NASA had requested the Aca- 
demy’s comments to aid its decision- 
making process. As such, they said, “‘it 
is an internal working document and will 
not be publicly released.” 

The decision to which they refer 
will be made in connection with the 
Fiscal Year 1966 budget, which goes to 
Congress next January. 

@ Voyager prerequisites—Newell, 
in discussing unmanned exploration of 
Mars, also revealed some of the tech- 
nical problems that will have to be 


NASA Not Planning 


A NASA SPOKESMAN reports 
that some high-level management 
personnel close to the Marshall Flight 
Center’s manufacturing activities will 
be transferred to the Michoud, La., 
plant. 

The agency, however, has no 
plans to close down the Marshall 
center or move it en masse. 

This was the reaction last week 
to charges that Administrator James 
E. Webb was injecting politics into 
the space program when he allegedly 
told Rep. Hale Boggs (D-La.) that 
NASA would analyze the Congress- 
man’s proposal to move the Wernher 
von Braun rocket team from Hunts- 
ville, Ala., to Michoud. 

President Johnson is not on the 
ballot in Alabama. Although report- 
edly running behind in Louisiana, 
he is still accorded some chance of 
capturing the state by some politi- 
cal observers. Various publications 
charged that the hint that Marshall 
might be moved would help the 
President in Louisiana and aid in the 
re-election of Boggs, the House Dem- 
ocratic whip. 

A NASA spokesman took sharp 
exception to that view. He declared 


solved before Voyager flights can be 
accomplished. 

“The present nominal life of space- 
craft, components and experiments is 
from six months to a year. In a Mars 
mission the spacecraft and the experi- 
ments must last that long even before 
the useful part of their life begins. 

“In addition, in order to avoid con- 
taminating the atmosphere and surface 
of Mars with living organisms from 
Earth, we must take stringent steps to 
kill such organisms prior to launch. So 
far the most reasonable method for 
sterilization involves heat-soak at 135° 
F for about 24 hours. Thus, we need 
instruments which can survive this and 
live for the 180-day flight to Mars and 
then perform their job for an additional 
one to six months,” Newell declared. @ 


to Close Marshall 


that Webb had been invited to speak 
in Alabama by the State Chamber 
of Commerce and made four ap- 
pearances before chamber groups. 
During a question-and-answer period, 
the informant said, Webb commented 
that the space agency was having 
trouble recruiting high-level manage- 
ment personnel for the Huntsville 
center because of “Alabama’s poor 
reputation.” 

There are reports that one of the 
center’s top officials is leaving after 
only one year because his family 
does not want to live in Alabama. 

Webb says he has interviewed 30 
applicants for the job and all have 
refused. 

While denying that the Marshall 
center would be moved, the spokes- 
man said that if the recruiting situ- 
ation does not improve, “we will 
have to face up to the problem.” 

Webb reportedly told a reporter 
in Huntsville that the “shape-up” 
period was “several years.” 

The move of the manufacturing 
personnel is logical because most of 
this activity will move to Michoud 
as the Saturn I development at Mar- 
shall ends. 
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Initial success encouraging... 


Army Considering Expansion 


Of SECOR Satellite Mapping Program 


AN EXPANDED SECOR program 
is under consideration by the Army 
based on the highly successful results 
of the geodetic satellite now in orbit. 
Under this program, the orbital altitude 
of the SECOR (for Sequential Collation 
of Range) satellite would be tripled 
from 600 miles to 1,800 miles, with a 
corresponding beef-up of the transpon- 
der to enhance the signal received on the 
ground from the higher altitude. 

Army officials said that SECOR is 
being used in the Pacific to locate island 
masses with an accuracy of about 100 
ft. in 1,000 mi. This accuracy far ex- 
ceeds first-order survey requirements. 
Survey accuracies of land masses sur- 
rounded by large expanses of ocean 
prior to SECOR had been of the order 
of 5-10 mi. 

® Triangulation applied—By  in- 
creasing the orbital altitude of the satel- 
lite, both the accuracy of location of 
an unknown position and the distance 
over which it can be achieved would be 
increased. Through a triangulation proc- 
ess, the SECOR transponder receives 
ground signals from the known and un- 
known stations, which the transponder 
then retransmits back to the ground. 
Because of the phase shift in the signal, 


the distance to the satellite can be de- 
termined and the location of the un- 
known station calculated. 

If the unknown station is below the 
radio horizon, the same process is used, 
except that the location of the unknown 
station is calculated from a small seg- 
ment of a short arc in the satellite’s or- 
bit. Accuracy is somewhat degraded in 
this case. Thus, raising the orbital alti- 
tude would eliminate the necessity for 
this step and improve accuracy over 
longer distances. 

The present system, which the Army 
says “is contributing to the scientific and 
the military capabilities of the United 
States” consists of three known ground 
stations located at precisely known 
points in Japan and the Ryukyu Islands 
and an unknown station on Iwo Jima. 

Two other stations are being located 
at other points in the Pacific. By “leap- 
frogging” the mobile ground stations, 
the Army expects to precisely locate 
nine unknown points in the Pacific in 
the first year of operations. 

@ Usefulness—The most immediate 
military advantage likely from this ex- 
ercise would accrue to the Nike-X, Proj- 
ect Defender and anti-satellite programs. 
By precisely locating such major R&D 


Martin Testing Sprint Ejection 


POP-UP TESTS to prove the cell- 
ejection technique for Sprint—the 
Army’s newest anti-missile missile— 
are under way at the Martin Co.’s 
Orlando, Fla., plant. In addition to 
proving the ejection technique, the 
tests are to prove the design of the 
launch cell itself and the mechanism 


used to eject the missile. 


A full-scale slug—similar in 
weight and configuration to the ac- 
tual missile but minus live motors 
and control surfaces—is ejected, 
rather than flown, out of its under- 
ground cell. The dummy missile 
travels some 200 ft. in the air before 
it is restrained by tethering lines. 

Ejection is achieved by use of a 
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“hot gas generator,” which, when its 
propellant is burned, creates enough 
pressure to pop the missile from its 
cell. By using this technique, the 
Army expects to be able to use a 
cheaper, simpler launch cell to house 
the missile and also to save consid- 
erable structural weight in the missile. 

Sprint is designed as a high-ac- 
celeration missile for low-altitude in- 
terception of warheads after the 
atmosphere has filtered the decoys. 
Final design of the missile and the 
propellant combination to be used 
are to be finished by the end of this 
calendar year. No announcement of 
the flight test program has been 
made. 


installations as Johnston Island (loca- 
tion of the anti-satellite effort) and 
Kwajalein Island (Nike-X and De- 
fender), and tying these into the major 
U.S. datum, these programs would be 
put on a common reference. 

Of longer-range military importance 
would be the tying together of conti- 
nental datum planes. The Army now es- 
timates that continental land masses are 
known to an accuracy of plus or minus 
one mile. With SECOR, this accuracy 
could be increased to 100 ft. or less. 

Once continental datum planes are 
tied together, the location of critical 
enemy installations, such as command 
and control centers and missile sites, 
cam be accurately located. 

One of the worrisome problems of 
intercontinental warfare has been the 
lack of reliable and adequate surveys 
of the Soviet Union. Satellite mapping, 
however, using photogrammetric tech- 
niques, has received major emphasis in 
the military space program. The only 
remaining problem, it would appear, is 
to tie together the U.S. datum with the 
European, which, at least on one major 
traverse, is tied to the Soviet Union. 

@ System accuracies—Accuracies 
achieveable with SECOR were illus- 
trated by the Army announcement last 
month that during tests in the U.S., the 
location of Fort Carson, Colo., was de- 
termined to differ from the previously 
accepted location by 2 ft. 3 in. in lati- 
tude, 23 ft. 3 in. in longitude and 18 
ft. 3 in. in elevation. 

The SECOR transponder was devel- 
oped by Cubic Corp., San Diego, Calif., 
and the satellite is built by ITT Federal 
Laboratories, Nutley, N.J. A piggy-back 
payload, SECOR weighs some 40 lbs. 
and measures 9 in. by 11 in. by 18 in. 
It is normally carried into orbit on the 
aft skirt section of an Agena and spring- 
ejected into a 600-mi. orbit. The Army 
recently ordered three more satellites 
from ITT as backup to minimize the 
impact of a satellite failure on the 
program. 

The satellite now in orbit—pre- 
sumably launched aboard a Thor-A gena 
from Vandenberg AFB, Calif., Jan. 19 
—has completed more than 4,000 orbits 
and is still functioning. a 
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Navy ‘irregularities’ cited... 


McNamara Firm on Conduct Code 


Vance reinforces DOD resolve not to modify directive despite 
industry, military resentment; AOA moves to circumvent edict 


DEFENSE SECRETARY Robert S. 
McNamara has defended the recent 
amendment to the Department’s Stand- 
ards of Conduct directive and asserted 
that he had “no apologies for it.” 

“T think all of us would agree that 
in defense, where we are dealing with 
$25 billion worth of procurement a 
year, that we must be as pure as Cae- 
sar’s wife,’ McNamara said. “I think 
all of us want to be. That is the only 
purpose and intent of the directive.” 

This contradicted and put to rest a 
widespread feeling among industry and 
the military that, because of the outcry 
raised against the amendment, it would 
be modified before it goes into effect 
Nov. 24. Deputy Secretary of Defense 
Cyrus Vance made it clear in an inter- 
view last week that there was no inten- 
tion to modify the directive. 

Vance also admitted that the De- 
partment was investigating reports of 
“irregularities on the part of naval per- 
sonnel” at the Avondale Shipyards in 
Westwego, La. It had been rumored 
that the lavish entertainment of Navy 
personnel in New Orleans had been the 
immediate cause for issuing the new di- 
rective. Vance stressed, however, that 
“Avondale is not the first case investi- 
gated. Others are being or have been in- 
vestigated.” 

e@ AOA ploy—In an effort to cir- 
cumvent the spirit, if not the letter, of 
the Standards of Conduct edict, the 
American Ordnance Assn. is inviting 
individual companies to submit names 
of government employees that they wish 
invited to that association’s 46th Annual 
Industrial Preparedness Meeting in New 
York City Dec. 2. 

Invitations will then be sent to these 
government people in the name of the 
association. (Associations are not cov- 
ered under the amended directive, which 
forbids acceptance of “gifts, gratuities or 
entertainment” from any individual or 
company doing business with the depart- 
meni. } 

To pay for government personnel at- 
tending the dinner, AOA has raised the 
dinner reservation price from $25 to $40 
per place. This is expected to cover the 
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cost of the association invitations to gov- 
ernment personnel. In effect, what is 
planned is that if Company A reserves 
one 10-place table and invites three 
DOD officials, it would pay $280 for 
the remaining seven places versus $250 
for all 10 places last year. 

@ Move & countermove—Ever since 
the directive appeared, it has raised a 
storm or protest and charges that DOD 
was impugning the integrity of military 
officials. Now the emphasis appears to 
be shifting to means of circumventing 
the language of the amendment. The 
Association of the U.S. Army, which 
will hold its convention in Washington 
this month, announced earlier it would 
have a hospitality lounge at which all 
are welcome and industry representa- 
tives foot the bill. Then AOA announced 
its plan. 

But the last move still appears to 
rest with the Defense Department. As 
Secretary Vance pointed out, the serv- 
ices are writing implementing directives 


spelling out the “do’s and don’ts” for 
their personnel. These implementing 
plans could still frustrate the association 
plans. 

McNamara pointed out that expend- 
itures of defense contractors on gifts, 
gratuities, entertainment and “favors of 
one kind or another” have been sub- 
stantial. When he was challenged on the 
point of whether these expenditures were 
taxpayers’ dollars or contractors’ dollars, 
the Secretary’s rejoinder was that “con- 
tractors are not in the business of giving 
away stockholders’ money.” 

Arguing from the point of view that 
even if these gifts came from profit dol- 
lars, McNamara pointed out half of the 
costs could be deducted from taxes— 
thereby depriving the government of at 
least that amount. He continued, how- 
ever, that contractors are in the busi- 
ness of making profits and therefore they 
“have got to have a price that covers 
their costs and covers all their costs, 
allowable and non-allowable.” r 


European Comsat System Studied 


GENEvA—Despite signing of the 
comsat agreement with the United 
States, European governments are 
keeping the way open for a separate 
satellite system of their own. 

At a meeting last week in Bonn, 
the member states of the European 
Conference on Space Communica- 
tions discussed their cooperation with 
the U.S. Communications Satellite 
Corp. through 1969, but also assessed 
the feasibility of simultaneously de- 
veloping a complementary or com- 
petitive system for post-1969. No 
Americans were invited. 

Europe is not actively planning 
to bolt the present agreement, but as 
one official told M/R, “we just want 
the ability to go our separate way in 
case the stateside people back us into 
a wall with a gun at our heads.” 

Reports indicate that tens of mil- 


lions of dollars have been pledged 
toward the scheme, which is included 
in the follow-on European Launcher 
Development Organization (ELDO) 
program. This second phase of the 
ELDO program is expected to be 
approved by all member govern- 
ments this month. 

One of the last acts of Britain's 
Conservative government was to pro- 
pose at an Oct. 1-2 meeting in Lon- 
don that a convention be signed by 
all the European governments fol- 
lowing up the current ELDO/ESRO 
organizations with a single body to 
develop, Jaunch and operate space 
payloads. One of the first mentioned 
was an all-European communication 
satellite. The new Labor government 
is understood to favor this proposal, 
as do most of the other governments 
involved. 
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First to go this week... 


Two Mariner Spacecraft 
Poised For Exploratory Trip to Mars 


TV-bearing spacecraft to come within 12,000 mi. of planet’s surface; 
second will trail first by 2-9 days; both to arrive in mid-July 


THIS WEEK will see the start of an 
attempt to launch two Mariner space- 
craft on a trajectory that will take them 
within 12,000 miles of the surface of 
Mars. 

The earliest launch attempt will be 
Nov. 4. If successful, the second flight 
could follow on Nov. 6, but Nov. 13 
is considered a more likely date. A 
third backup spacecraft is at Cape Ken- 
nedy, fully checked and ready to go if 
either other flight is unsuccessful. 

If the launches by the Atlas-Agena 
D are successful, the two spacecraft will 
be named Mariner II and IV. Because 
of their trajectories, they will arrive at 
Mars about two to four days apart in 
mid-July 1965. 

Purpose of the fly-bys is to take 
television pictures of the Martian swr- 
face with a resolution of 2.5 kilometers 
and to study the planet’s environment. 

The TV pictures will permit pre- 
liminary topographic reconnaissance of 
part of the planet’s surface and provide 
some indication of the location of areas 
where living matter may exist (M/R 
Aug. 3, p. 38). 

Critical information for the design 
of future interplanetary spacecraft will 
also be obtained in a planned measure- 
ment of the Martian atmosphere’s char- 
acteristics (M/R Sept. 14, p. 62). Other 
measurements will be made of surface 
pressure, temperature, density and prob- 
able constitution of the atmosphere. 

Previously, examination of the Mar- 
tian atmosphere was to be carried out 
by a JPL ultraviolet photometer, the 
probe remaining in view of Earth 
throughout the fly-by. Then systems 
tests showed that the UV photometer 
arced and blanked out the television 
pictures during fly-by. With no time 
for redesign of the photometer, it was 
taken off the spacecraft and the occult- 
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ation experiment, rejected two years 
previously, was selected instead. 

An infrared experiment was also 
taken off the spacecraft when it proved 
to be too heavy. 

®@ Heavily instrumented—In spite of 
these losses, Mariner Mars remains a 
heavily instrumented spacecraft. A 
three-axis helium-vapor magnetometer 
will investigate the Martian magnetic 
field, measuring its orientation in rela- 
tion to the planet’s axis of rotation. An 
ionization chamber will measure aver- 
age omnidirectional flux of particle 
radiation. A cosmic dust detector will 
look for increases in micrometeorite 
flux in the Mars-Deimos-Phobos sys- 
tem. 
Trapped radiation detectors will 
make directional measurements on par- 
ticles, investigating energy spectra and 
identity. A solar plasma probe will 
measure spectral distribution, flux den- 
sity and time history of the solar plasma 
flow. A cosmic ray telescope will give 
further measurements of trapped par- 
ticle radiation. 

The digital television system car- 
ried aboard Mariner is expected to take 
20 pictures of a series of areas 200 mi. 
square across the face of the planet. 
An all-electrostatic, ruggedized vidicon 
is used, a 200-line raster covering a 
square area of 0.22x0.22 in. on the vidi- 
con faceplate. 

All instruments except the television 
system will make measurements during 
the cruise through interplanetary space. 

@® Launch time—Launch window 
for the spacecraft opens on November 
4, Initially both spacecraft and their 
individual Atlas-Agena D boosters will 
be counted down together. If both are 
“go” a few hours before lift off, one 
count will be suspended. If one is 
launched successfully, the remaining 
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booster count will be recycled for 
launch two days after the first. 

Data transmitted from the two 
spacecraft will be tagged with identify- 
ing codes to prevent misinterpretation. 

Timing and control of spacecraft 
operations are provided by the on- 
board central computer and sequencer 
(CC&S). Times of all commands from 
the CC&S are referred to lift-off, the 
unit itself being inhibited until three 
minutes before this time. After Mariner 
separates from the Agena, the CC&S 
commands extension of the solar panels 
and turns on attitude control power. 
Attitude control is provided by cold- 
gas jets and servo-driven solar vanes. 

One or two midcourse maneuvers 
may be required to adjust the trajectory 
with the necessary precision. The CC&S 
accepts and stores radio commands 
specifying pitch, roll, and duration of 
motor burn. A further radio command 
initiates the maneuver. 

Of the various pulse trains from the 
CC&S, a set with a repetition rate of 
once every 3 hours 20 minutes is used 
to operate a master timer and to start 
the planetary encounter sequence. Up- 
dating of time-to-go-to-encounter is 
carried out from the blockhouse prior 
to launch, to give a turn-on time up 
to 277 days from launch. Automatic 
termination of the encounter sequence 
is initiated by the CC&S after 13 hours 
20 minutes. 

Before and after encounter the 
CC&S provides commands to change the 
Canopus star tracker cone angle, data 
rate, and transponder operation modes. 

@ Flying time—Flight time to Mars 
will vary from 7% to 812 months, de- 
pending on the launch data. An addi- 
tional three weeks of flight beyond the 
planet will be needed to return data. 
Solar cell output from the four planets 
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is expected to be 690 watts near Earth 


and 299 watts near Mars. Cell tem- 
perature is likely to vary from 59° 
near Earth to —12°C at Mars encoun- 
ter. 

During its flight, Mariner will trans- 
mit 10 million words of engineering 
telemetry. To reduce time and effort in 
scanning repetitive information, a digital 
computer program called the Guidance 
and Control Flight Analysis Program 
has been developed to analyze this 
telemetry automatically. 

Configuration of the flight path is 
such that a fixed high-gain parabolic 
antenna can be used on the spacecraft. 
During maneuvers, an omni-directional 
antenna maintains communications. 

® Craft description—Basic config- 
uration of the Mariner spacecraft is an 
octagonal frame with a mast on top that 
carries the omni-directional antenna, 
magnetometer, and ionization detector. 
Attached to the frame by hinges are 
four solar-cell panels in cruciform ar- 
rangement. Seven of the octagon bays 
carry electronic equipment, the eighth 
carries the mid-course motor. 

Main structure consists of two ring 
frames tied together by eight longerons. 
A central torque tube provides a mount- 
ing for the planet scanning platform, 
and a subsidiary structure supports the 
attitude-control gas bottle. Basic struc- 
ture weighs about 30 lbs. 

The planetary scanning platform is 
used to point the television camera at 
Mars. For the present flights it carries 
the television camera and wide-angle 
and narrow-angle planet sensors. 

Navigation sensors carried aboard 
the spacecraft include an Earth detec- 
tor, square root Sun sensors, re-set Sun 
sensors, and a Canopus sensor. The 
spacecraft is first locked onto the Sun 
in two planes and then stabilized in roll 
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LEFT: Mariner-Mars 64 
Spacecraft mounted in its 
shroud atop Atlas-Agena 
D launch vehicle at Cape 
Kennedy is kept at even 


temperature by a cooling 
blanket. 


RIGHT: Solar panels for 
Mariner-Mars 64 space- 
craft are attached at 
white room in Hangar. 
Four panels, each 71.4 
in. long and 35.5 in. 
wide, are attached to 
top, or Sunward, side of 
the octagon. Solar pres- 
sure vanes, which will 
act as an attkxiliary atti- 
tude control system dur- 
ing Mariner’s flight, are 
located at outboard ends 
of each panel. 


by locking it onto Canopus. The Can- 
opus sensor uses an image dissector 
tube with a spherical S-11 photocatliode. 
It has a catodioptric lens that gives a 
field of view of 11 degrees, which is 
gimballed electronically to follow Can- 
opus through a total excursion of 28 
degrees in cone angle. 

@ Chance of error lessened—By 
searching for Canopus by means of a 
clockwise roll, the probability of ac- 
quiring Achernar is reduced to 0.1. Dur- 
ing roll, a star-brightness readout signal 
will indicate brightness of objects in 
the trackers’ field of view every 1.2 
degrees. This will enable a star map to 
be drawn up, even if absolute brightness 
calibration is not reliable, increasing 
the likelihood of identifying Canopus. 
As a further backup, a photo-conductive 
Earth sensor is located so that Earth 
enters its field of view only if Canopus 
is acquired by the tracker. 

There are two data automation sys- 
tems on the spacecraft to handle meas- 
urements made in the cruise mode and 
during planetary encounter. During 
cruise a real-time data automation sys- 
tem (RT DAS) operates; during en- 
counter a non-real-time system oper- 
ates. The NRT DAS includes a tape 
recorder. This enables information ac- 
quired at a high rate during planetary 
encounter to be stored and subsequently 
played back at 8% bits per second 
(M/R August 3, page 38). Some 330 
ft. of two-track 0.25-in. tape is used 
for recording. 

The science Data Automation Sys- 
tem controls and synchronizes the 
science instruments, provides the neces- 
sary instrument sampling rates, converts 
and encodes the various forms of 
science data into a suitable format, buf- 
fers science data occurring at different 
and sporadic rates for transfer to the 


telemetry encoder at constant specified 
rates, and interconnects the science sub- 
system with other subsystems. Two iden- 
tical 1,320-bit core buffer memories are 
used in conjunction with the NRT DAS. 

One function of the RT DAS is to 
make analog conversions of the three 
axes in the magnetometer simultan- 
eously, eliminating ambiguity and en- 
abling a reading to be taken at one 
point in space. 

All science data taken at encounter 
will be played back as often as possible. 
Also, measurements to assist in interpre- 
tation will be transmitted in real time. 

The Mariner C science subsystem 
uses an analog-to-pulse-width conver- 
sion unit at each instrument to imple- 
ment the analog-to-digital conversion 
carried out by the DAS. This eliminates 
direct coupling of analog signals be- 
tween the instruments, the DAS, and 
other uses of the DAS. 

About 6 hours 20 minutes before 
planet encounter, power to the NRT 
DAS, the planet scanning subsystem 
and the TV subsystem will be turned 
on. The scanning platform then starts 
scanning through 180 degrees and the 
DAS starts sequencing the TV system, 
but data is not recorded. 

While the platform is scanning 180 
degrees in one direction, the spacecraft 
motion provides scan in the orthogonal 
direction. A wide-angle planet sensor 
with a 50-degree circular field of view 
is mounted on the platform together 
with a narrow angle sensor with a 
field of about 1.5 degrees. 

The sensor used for tracking is a 
semiconductor junction device that indi- 
cates the X-Y coordinates of a light 
spot on its surface by means of a pair 
of voltages. A fiber optics system is 
used to reduce the size of the planet 
image. a 
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EDITORIAL 


FREE STREAM 
MEASUREMENT 
PROBE 


(photo enlarged 10,000 times) 


Once upon a time there were two ways 
to check flowing stuff; you stuck a 
probe into it or you grabbed some as 
it went by. Either way—stab or grab— 
you ended up making an accurate 
analysis of anon-representative sample 
(where you touched the flow, creating 
turbulence, you changed its character). 
Now therc’s a bettcr way. Giannini 
Controls, in its lust for measurement 
accuracy, has developed a new type 
of probe. It senses free stream data 
without making waves. Our probe is 
a beam of gammia rays. 

Say, for instance, you want a precise, 
direct measure of air density from a 
sounding rocket. As a start, put a tiny 
radioactive source inside the rocket’s 
skin. The source shoots a beam of 
gamma rays off to the side of the bird. 
Elsewhere on the rocket put a Giannini 
densitometer and focus it on the gam- 
ma beam. Then crank up your bird 
and fire it. It’s just that simple. Honest! 
(doubters can find more intimate de- 
tails in the far right hand column). 
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62 SECOND MAZE: Synchronize your 
watches: you have exactly 62 seconds 
to get from A to Z. 3, 2,1...GO! 


= 
(Giannini Controls Corporation 


1600 South Mountain Avenue, Duarte, California | 


WHAT YOU GET OUT OF A 

MISSILE DEPENDS ON HOW 

YOU PUT WHAT YOU PUT 
INTO IT, INTO IT 


Missiles with fueling problems, like 
delinquents, can spend 
a lot of time hanging 
around the pad, smok- 
ing. Even when they're 
launched, you've got to 
watch their drinking- 
habits; a missile engine running oxi- 
dizer-rich is very likely to go to pieces. 
When we learned of these shocking 
problems, we did what any 
good, DOD-fearing vendor 
would do; we innovated-up 
an answer (in this case, we 
means Powertron, GCC's 
Division in charge of sound 
ultrasound). 


The result is Sonoswitch, a stainless 
steel ultrasonic probe about the size of 
Sonny Liston's index finger. It senses 
liquid levels 
to hundredth- 
of-an-inch 
repeatabilities 
and doesn’t 
care what the 
liquid is (LOX, 
LH2, NeO., 
Aerozene, 
IRFNA, lighter 
fluid—you name it). It's equally cavalier 
about dielectric, conductivity, density 
and other fluid perplexities. Reliability 
is 99.99%. 

If you're accident prone, 
you'll be pleased to know 
that Sonoswitch is intrin- 
sically safe, has no 
moving parts, and is 
unaffected by circuit or 
component fluffs. 


On the ground, Sonoswitches are used 
in Powertron-designed integrated sys- 
tems for all phases of fuel tanking, 
wherever precise monitoring of liquid 
level is required. 

Upstairs, Sonoswitch systems are 
used for in-flight engine cut off. In this 
case, the probe 
is connected toa 
Liston’s-finger- 
plus-one-joint- 
of-Cassius- 
Clay's-thumb 
size solid state controller. 

The result shuts off engines and trig- 
gers stage separation when fuel deple- 
tion levels are reached. 


For more data on Sonoswitch probes, 
ask us to send literature. Or drive by 


PowertronatPlainview, Long 
Island and say ‘fill er up.” the end 


. she ZZ \ 
GCC BUGS MOOn man 


Our friends at Ham.-Standard tell 
us each LEM “moonsnit” will be 
equipped with two GCC Model 
451218 miniature pressure trans- 
ducers. One of these 1" by 1” by 
1” by I-onnce sensors will be used 
for telenietering snit pressure data. 
The other, a switch output device, 
antomatically warns the moon man 
to bug ont when his suit pressnre 
approaches the danger level. These 
“cubic inch” transducers lave been 
thoroughly field tested as in-flight, 
surface mounted pressure pickups 
...dnntissile and space vehicle tele- 
metering...on re-entry vehicles... 
and wherever small, light, accur- 
ate pressure data sensors are re- 
quired, 


EDITORIAL (continued) 


As we left our hardy band of adventurers 
two columns to the left,-they were in the 
act of firing their Giannini-equipped 
sounding rocket in hopes of achieving an 
accurate, direct measure of true air den- 
sity. As the rocket soars into space, a 
beam of gamma rays is directed through 
the skin of the bird. The gamma, inter- 
acting with the air, scatters. The ratio 
of the gamma scatter is in direct propor- 
tion to the density of the air. The watch- 
ful densitometer, which is zeroed-in on 
the gamma beam, counts the rate of scat- 
ter—allowing a direct running account of 
air density to be made. It works on the 
ground, it works at 250,000 feet, it even 
works during re-entry (gamma rays pene- 
trate plasma like it wasn’t there). 


FREE: MORE POOP 


Our friend, the publisher, has allotted us these 
reader service numbers: 
10 for spec sheet on Moon Man’s bug. 


17 for data on free stream probe. 
12 for bulletin on Sonoswitches. 


ie 


Technical Countdown 


ELECTRONICS 


Radiation-Effects X-Ray Service Available 


| A 1-Mev, 10,000-amp pulsed X-ray facility is now avail- 
able to industry for radiation effects studies of large subsys- 
tems. Built and now in operation by Physics International 
Co. in Berkeley, Calif., the test facility is said to consistently 
produce a maximum forward gamma intensity of 10” Roent- 
gens/sec. Radiation pulses of 30 nanosec. are typical. An 
intensity of 10°R/sec. can be produced by the X-ray through 
a 40-in.* volume. 

| 


Goodyear Lands EW Deployment Study 


Goodyear Aerospace Corp. will pursue research and de- 
velopment work into highly accurate direction-finding equip- 
ment under a new contract from the electromagnetic warfare 
branch of the Avionics Division at Wright-Patterson AFB. 
The entire electronic warfare program at Goodyear grew 
out of discoveries at the firm’s Litchfield Park, Ariz., facility. 
The plant produces high-resolution side-looking radar for 
Air Force and Navy aircraft. Developments during design of 
this radar system led into the ECM field. 


ADVANCED MATERIALS 


Thiokol Tests Beryllium Oxide Nozzles 


Porous beryllium oxide throat inserts have successfully 
channelled exhausts from both high-energy aluminized and 
high-burning-rate polysulfide propellants in tests at Thiokol 
Chemical Corp.’s Elkton Div. A throat insert tested for 10 
seconds in one firing was re-used in a subsequent 15-second 
test. A small amount of aluminum oxide was found deposited 
on the throat after the second test but no erosion was dis- 
covered, The beryllium oxide material has a density approxi- 
mately 4% that of tungsten and shows promise for rocket 
motor use on a cost-effective basis. The material was supplied 
by the Beryllium Corp. of Reading, Pa. 


PROPULSION 


UTC Fires Smallest Bipropellant Device 


A methane/oxygen bipropellant microrocket has been 
developed, built and test fired by United Technology Center. 
The thrust range of the device is from 0.0005-Ib. to 0.1 Ib., 
making it the smallest bipropellant fired to date. UTC experts 
say the device could be used to provide slight changes in 
space vehicle attitude. 


120-in. Scale Motor Cartridge Loaded 


A cartridge-loaded motor, scaled to approximately %40 
the size of the 120-in. solid strap-on boosters for the Titan 
UI-C, is being used in wind-tunnel tests at the Arnold Engi- 
neering Development Center. The models have been used 
in heating tests conducted by the Martin Co. to determine 
solid booster exhaust effects on the Titan JJI-C core vehicle. 
United Technology Center designed the scale motors, using 
materials identical to their full-size 120-in. boosters. The 
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motor is cartridge loaded and uses replaceable plastic exit 
cones and graphite inserts in the nozzle. 


SPACE MEDICINE 


Calorimeter Tests for Toxics and Contaminants 


A new research tool to investigate the effects of trace 
contaminants and toxic propellant materials has been com- 
pleted at the Air Force School of Aerospace Medicine. The 
gradient layer whole-body calorimeter allows recording of 
changes in radiant heat loss with practically no lag time, 
records changes in evaporative heat loss, oxygen consumption 
and carbon dioxide production with short lag times, and 
continuous collection of urine for chemical assay. Dogs will 
probably be used as test subjects. 


Silicone Film Seen as Air Purifier 


A very thin and very permeable silicone film has been 
produced at the General Electric Research Laboratory for 
possible use as a membrane system for supplying air from 
water and for purification of air in space vehicles. One man’s 
requirements could be furnished by a selective membrane 
about 214 square yards, plus a compressor to remove en- 
riched air from the low-pressure side of the membrane, 
GE said. 


ASTRONAUTICS 


Solar System Not Sterile? 


Exposure of common micro-organisms to ultra-high 
vacuum for more than four months in an experiment at 
Jet Propulsion Laboratory tended to preserve rather than 
kill the micro-organisms. Although this emphasizes the im- 
portance of sterilizing interplanetary probes before launch, 
it also suggests that cross-contamination may have occurred 
throughout the solar system, particularly in view of the fact 
that micro-organisms have also survived temperatures as 
low as —190°C., 


Venus-Earth Distance Measured To 3 Km 


Using the 85-ft. Venus site antenna and range-gated lunar 
radar equipment, experimenters at the Goldstone Deep Space 
Instrumentation Facility claim great success in precision 
tracking of the planet Venus. Range measurements with vari- 
ations of less than 3 km were obtained. Mean tracking dis- 
tance over an hour could be computed to better than a 
kilometer. Tests showed that Venus ephemeris was in error 
and that the error was changing by about 18 km per day. 
Variations attributable to surface features were also detected. 


Voice Reflected from Venus 


Speech compressed 32 times has becn reflected from 
Venus after transmission from the Goldstone Venus site—a 
research and development area of the Deep Space Instru- 
mentation Facility. Intelligible voice recordings were ob- 
tained as part of a program to evaluate relatively broad-band 
deep space communications. 
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Space support 


LAUNCH-PHASE SIMULATOR under construction at Goddard Space Flight Center. 


NASA Center Nears Completion 
Of Launch-Phase Simulation Facility 


Goddard device will add link to chain of simulators needed 
to test spacecraft from launch to re-entry 


“CRADLE-TO-THE-GRAVE” test- 
ing of unmanned satellites is moving 
closer to reality at Goddard Space Flight 
Center where the Free World’s first 
launch-phase simulator is nearing com- 
pletion. 

Almost any spacecraft able to fit 
into a Centaur will be capable of being 
tested in this new facility. The $4-mil- 
lion simulator is scheduled to be opera- 
tional within a year. 

The LPS is designed to test large, 
advanced satellites such as the Orbiting 
Geophysical Observatory and the Orbit- 
ing Astronomical Observatory. In the 
launch configuration, these spacecraft 
measure about 15 ft. in length by 10 ft. 
in diameter. Their weights range to al- 
most 4,000 Ibs. 

Industry will undoubtedly be able 
to make good use of the LPS to shave 
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pounds off satellites, particularly large 
ones that are often overdesigned out of 
respect for the combined loads created 
by launch. Moreover, proper perform- 
ance of satellites themselves might be 
ensured. It is surmised, for instance, 
that Ranger VI’s TV cameras failed dur- 
ing the launch phase—a situation that 
might have been uncovered and pre- 
vented had an LPS been available. 

The simulator also will be used for 
developing spacecraft structures and 
scientific equipment able to survive a 
launch, according to Dana S. Cope, 
project manager for the facility. 

@ Past is prologue—The usual way 
to find the effects of a launch is to iso- 
late the various expected loads and then 
impose them on test satellites and their 
subsystems, Vibration loads, as an ex- 
ample, might be put on a satellite by 


means of a shaker table. In subsequent 
tests, acoustic and acceleration loads 
might be introduced. If any of the tests 
are run in an environmental chamber, 
then vacuum conditions might also be 
superimposed. 

The LPS, though, will subject the 
spacecraft to the simulataneous and 
varying loads of vibration, acoustic and 
acceleration—all while the air pressure 
is decreasing with the simulated launch 
altitude. 

In this way, satellite systems can 
be tested as units under combined load- 
ings to give a truer picture of the actual 
environment in which the spacecraft 
will operate. 

The Goddard simulator is simply a 
giant centrifuge with a sealed chamber 
at the working end. The satellite to be 
tested is placed inside the chamber with 
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the nose or leading edge of the satellite 
pointing to the center of the centrifuge. 
The base of the satellite is connected 
to the detachable cap or outermost 
portion of the chamber. By this arrange- 
ment, the accelerations imposed on the 
satellite correspond in direction to those 
expected during satellite launch. 

@ Looking like a launch—The LPS 
is designed to ensure the success of 
NASA spacecraft scheduled for launch- 
ing this decade and even a few years 
beyond. Typical of the spacecraft the 
space agency says it will be testing in 
this new facility will be geophy- 
sical, meteorological, communication 
and space observatory satellites. 

To arrive at the specifications for 
the facility, NASA engineers analyzed 
scores of launch profiles for typical 
space vehicles such as the Atlas-Agena 
B, Centaur, Thor-Agena B, Delta, Scout 
and others. From this information, de- 
sign parameters were chosen that would 
give the most flexibility in programming 
a launch on the LPS. 

Two design parameters were not in- 
cluded—dynamic pressure and temper- 
ature. Both were considered, but were 
eliminated either because of added 
sophistication needed in the case of dy- 
namic pressure, or lack of funding as 
for temperature. 

Nevertheless, Cope believes that a 
five-minute test run on the LPS will 
come close enough to actual conditions 
to be adequate for nearly any mission. 
Runs up to 30 minutes can be pro- 
grammed. Cope discounts both the ef- 
fect of the 1-g vertical bias on the 
spacecraft due to the centrifuge swing- 
ing in a horizontal plane; and the in- 
ability to simulate the sudden changes 
of acceleration at points such as at lift- 
off and in staging. 

Cope feels that the horizontal bias 
is too small to worry about. He also says 
that the programmed acceleration curves 
will include as end points the highest 
g-loadings reached and therefore should 


be a Satisfactory simulation of these 
conditions. 

@ Operation—Northrop Corp.’s Ma- 
rine Equipment Dept. has the contract 
for the entire LPS except the drive sys- 
tem, which is being built by Allis Chal- 
mers. This drive system is to deliver dc 
power to two 1,250-horsepower drive 
motors, which can be increased to four 
drive motors in an expanded system. 
The entire system will be capable of 
100% overload for five minutes, in this 
way doubling its capacity for a launch 
profile. 

The rotating arm of the centrifuge 
turning at its maximum design speed 
of 33.5 rpm will be able to sustain a 
22.9-g acceleration at the test radius 
of 60 ft. The reason for the relatively 
long arm is to keep small the centrif- 
ugal-force gradient in the spacecraft 
under test. 

The arm structure will be a truss 
composed of conventional structural 
steel elements. It will be mounted with 
appropriate bearings on a steel-concrete 
pedestal. The arm system is described 
as including vacuum lines paralleling 
the main chord members and connected 
to a vertical manifold extending down- 
ward into the pedestal at the center of 
rotation. Power, instrumentation, and 
control wiring will connect to slip-ring 
systems at the axis of rotation. 

The test chamber will have the gen- 
eral shape of a cylinder. Its head, or 
the entire chamber, will be removable 
from the arm. The internal test space 
will hold one 10x15-ft. spacecraft plus 
a shaker system and other accessory 
equipment. Future plans call for equip- 
ping the test chamber with a rugged 
television camera to permit continuous 
observation of the spaceflight unit 
tested inside the chamber. 

@ Environmental systems—tThe test 
chamber will contain a steam-driven 
air-ejector evacuation system. The 
vacuum system will be able to reduce 
chamber pressure from surface ambient 
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to about 3x 107 torr (equivalent to about 
200,000-ft. altitude) in a pressure pro- 
file close to that occurring in an actual 
launch. 

Extended vacuum levels will be 
maintained by a mechanical holding 
pump located next to the ejector. 

A vibration table will be mounted 
on the inner face of the removable out- 
board head of the test chamber. The 
base of the spacecraft will be attached 
rigidly to the inboard face of the table 
so that the test chamber head, the vi- 
bration table and the spacecraft will be 
capable of being handled as a single 
package. 

Programmed vibrations will be fed 
into the test chamber by means of hy- 
draulically actuated force generators. 
These will put in either sinusoidal or 
random vibrations in three degrees of 
freedom: along the thrust axis, lateral 
translation and lateral rotation. 

Sufficient force will be generated by 
this system to impart desired vibrations 
to a 5,000-Ib. load (4000-lb spacecraft 
plus 1000-lb. adapter) while it is being 
subjected to accelerations up to 10 g’s. 
It will impart similar vibrations to a 
600-Ib. load at accelerations to 30 g’s. 

@ Noise—The acoustics system in- 
cludes a noise generator operating 
through an acoustic horn at the inboard 
end of the test chamber, and a tubular 
shelf surrounding the spacecraft within 
the test chamber. Compressed-air tanks 
located on the arm structure adjacent 
to the counterweight will supply air 
for the noise generator. 

This system will be able to simulate 
the acoustic vibration profiles similar 
to those the spacecraft will experience 
during an actual launch. Thus, the sys- 
tem will be capable of producing an 
overall sound-pressure level of 150 db 
RMS at 760 torr, and 140 db RMS at 
100 torr, providing gaussian random 
noise within the chamber in any one- 
third octave from 100 to 12,000 cps. 

Handling equipment for the LPS 
will be a LPS loading vehicle. It will 
be used to load, unload and transport 
the LPS test assembly, which consists 
of the outboard section of the test cham- 
ber with the spacecraft attached. 

The vehicle will be capable of trans- 
porting loads up to 50,000 pounds and 
of positioning loads up to 40,000 
pounds. It will be equipped with posi- 
tioning mechanisms capable of impart- 
ing 6 degrees of freedom: forward and 
reverse, transverse, up and down, yaw, 
pitch and roll. 

The general configuration, dimen- 
sions and built-in safety factors of the 
LPS will permit future modifications 
such as increased drive power for 
heavier test payloads or, possibly, faster 
onset; additional environments, and 
more complex and refined instrumen- 
tation, i] 
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Arma Div. Faces Toughest Decision 


Onetime $100-million-a-year group must restore profits 
on defense business now expected to shrink to $21 million 


GARDEN City, L.I., N.Y.—Within 
the next six to eight months, the di- 
rectors of American Bosch Arma Corp. 
are expected to face a crucial decision— 
can its once thriving Arma Div. be 
operated profitably on a much smaller 
level of business, or must it be shut 
down as a profitless defense plant? 

In brief, the history of Arma Div., 
and its slide to the brink of unprofit- 
ability, looks something like this: 

In 1961, riding high as prime con- 
tractor for the Atlas 107A ICBM in- 
ertial guidance system (a program worth 
more than $200 million) and the B- 
52 fire control system, Arma sales hit 
$95.7 million and employment peaked 
at about 5,700 persons. By 1963, the B- 
52 business was gone, the Atlas business 
was sharply reduced, and sales were 
down to $43 million. Sales for 1964 
are expected to be about $28 million 
and the projection for 1965 is for $21 
million. 

The work force is now down to 
1,100, and an additional 100-300 lay- 
offs are expected before the end of the 
year. The firm will evacuate its half- 
million-sq.-ft. plant here by Dec. 1 
(hoping to sub-lease it), and move into 
nearby quarters about 75% smaller. 

The chief executive of Arma’s parent 
company, the American Bosch Arma 
Corp., Charles W. Perelle, told Muis- 
SILES AND ROCKETS in an interview last 
week that he would resign his position 
after the corporation’s annual stock- 
holder meeting in May. Perelle has been 
the chief executive at ABA for the past 
eleven years. 

He points out that the reasons for 
Arma’s slide relate to many things, not 
the least of which is the general decline 
in defense spending. However, he said, 
there were two particular ‘‘crunchers” 
for Arma. 

@ Twin blows—Perelle stated flatly 
to M/R that Arma had actually won 
the competition for two major missile 
and spacecraft guidance systems—the 
Air Force’s Titan II and NASA’s 
Gemini—and that the selections in both 
programs (made by the AF on Titan 
HI, and McDonnell Aircraft Co., prime 
contractor for Gemini) had been over- 
turned by the Dept. of Defense and 
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NASA hierarchy. “Sure we had our 
five-and ten-year plans just like every- 
one else,” Perelle states, “but they went 
out the window with two telegrams.” 

The combined business from both 
programs involved in excess of $200 
million. The Titan II award to Arma 
was actually announced by local Con- 
gressmen, Perelle recalls. He calls that 
reversal “the first TFX,”’ referring to 
the alleged reversal of that military com- 
petition decision by DOD. 

“Whether your name is Boeing or 
Arma,” Perelle told M/R, “doesn’t mat- 
ter. You’ve lost $10 million or $1 mil- 
lion in demonstration hardware costs, 
the business, and tied up your top 
talent. There, of course, is no reason to 
be sore if you’ve lost the competition. 
But when you win it, and you’ve been 
dealing with the service all your life, 
and then the rules are changed, it’s 
hard to swallow.” 

Though Arma’s sales have been slip- 
ping for several years, it is only this 
year that the profits have completely 
disappeared, and, as Perelle warned an 
Arma management group recently, 
“management closes plants only when 
no profits are in sight.” 

@® New business—Whether Arma 
can escape this no-profit burial depends 
essentially on the firm’s ability to cut 
itself down from a $100-million-a-year 
division, spawned in the high-cost high- 
urgency era of the late fifties, to one 
able to compete in a new defense busi- 
ness environment and adjust its costs 
and operations to a level of sales roughly 
one-fifth that of its recent past. “The 
question is can we operate at this level 
and make a profit? We don’t really know 
that now,” says Perelle. “We should in 
six or eight months.” 

Officials admit that there are no 
large systems coming up, and the firm, 
which has never been in the components 
business, is in it now almost exclusively. 

This components and subsystems 
business could spell the difference in 
Arma’s longetivity, and there are some 
encouraging signs. Perelle points out 
that the firm has had a relatively stable 
$10-million annual business base in 
studies and various smaller awards, and 
that if this can be expanded with 


another $10 million in subsystem and 
component work, the firm could be put 
back in the black. 

To back up his optimism, Perelle 
cites figures which show that in 1963 
the firm had about $6.5 million in busi- 
ness other than the big-system contracts, 
that it now has $9.9 million and is pro- 
jecting $18 million for next year. 
Though the readjustment has been pain- 
ful for Arma, Perelle sees ‘“‘a leaner, 
more aggressive” organization. 

Among the new business gathered 
by the firm: 

—Arma has just been notified of an 
award by the neighboring Grumman 
Aircraft Engineering Corp. for the LEM 
Caution and Warning System. 

—The firm has a Navy contract 
for development of a prototype Sub- 
marine Safety Monitoring System, 
which, if produced in quantity, could 
mushroom into substantial sales. 

—Several months ago, the firm re- 
ceived a go-ahead for production of 
low-cost gyros for the Army’s Lance 
tactical missile, and also expects to re- 
ceive an initial order for 200-300 land 
navigation systems for the Army early 
next year. 

—lIt has also just been announced 
that Arma has been selected by Piasecki 
Aircraft Corp. as a team member for 
armament and GSE for the Army’s new 
armed helicopter study. 

—Prototype units of the firm’s G- 
16 “Dynatune” gyro have also re- 
portedly been sold to several agencies in 
the U.S. and abroad for evaluation. 

Perelle stresses that whatever the 
future holds for Arma, the firm is com- 
mitted to delivering on all contracts. 

Arma Div. is one of six within ABA, 
and until this year the defense business 
it represented was the major part of cor- 
porate sales. Though total corporate 
sales and profits have also declined in 
recent years, the firm still operates at a 
profit and Perelle predicts important 
gains for the next few years. ABA, un- 
der Perelle, has become a debt-free cor- 
poration that has invested more than 
$10 million, paid out of earnings, into 
plant modernization in recent years. 
Perelle believes this will begin to show 
an effect in 1965 and 1966. | 
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1/4 watt, 250 Mc/s, 50,000 g 
transmitter successfully gun 
launched and operated to an 
altitude in excess of 300,000 
feet. 


C64,13 


ELECTRONIC SURVIVAL 
1000 to 250,000 G 


| 


16 inch gun at project HARP launching site in Barbados, 


The Aerophysics Division specializes in data transmission systems 
operating in the 50 to 250 Mc/s, 400 to 406 Mc/s and 1660 to 
1850 Mc/s ranges for use in gun launched vehicles and other 
high acceleration applications. 

Components capable of high g survival, such as event timers 
and inertia switches, are also available. 

The experienced staff and extensive facilities of the Aerophysics 
Division are available to Government and industrial agencies. 
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Geminis Horizontal-Ejection Escape 
System Reported More than Adequate 


Weber Aircraft, system designer, believes it can also 
be used with boosters bigger than Titan Il; system details 


BURBANK, CALIF.—The Gemini crew 
escape system has posed some special 
problems for its designer because it is 
the first system to require horizontal 
rather than vertical ejection of pilot 
seats. 

Horizontal ejection with the rocket- 
propelled seat is necessary to clear the 
astronauts of the flame-ball area in the 
event their Titan IJ booster explodes. 
Results reported by the system designer, 
Weber Aircraft Corp., show there is 
every expectation that horizontal ejec- 
tion will protect the Gemini astronauts. 

However, there is some skepticism 
about its use with spacecraft utilizing 
larger boosters, and the Air Force, with 
Titan LI launches of its Manned Orbit- 
ing Laboratory (MOL) downstream, is 
looking into the possibility of using an 
escape tower with Blue Gemini instead 
of pilot ejection. 

“If the whole Titan IlJ exploded at 
once, it would be a tremendous blast, 
and some people think the pilots couldn't 
get away from the pad far enough and 
fast enough with horizontally ejected 
seats,” a spokesman told MissiLES AND 
ROCKETS. 

But engineers at Weber, one of the 
largest manufacturers of passenger and 
pilot seats for airlines and the military, 
believe the Gemini escape system could 
be improved to cope with much larger 
booster explosions than the Titan I 
vehicle for Gemini will produce. Weber 
studies show seat ejection could land 
the crew 4,000 ft. from the pad, the 
added distance being gained by use of 
additional rockets on the pilot seat. 

For the Gemini program, horizontal 
ejection appears more than adequate. 
The requirement is for the pilots to be 
landed under an open parachute beyond 
the 500-ft. fireball area in a zero-zero 
pad ejection. Tests of the Weber sys- 
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tem have landed dummies safely as far 
as 1,100 ft. from the pad. Most tests 
land dummies in the 700-1 ,000-ft. range. 
Maximum altitude reached in the zero- 
zero condition, from a 150-ft. tower, is 
450 ft. 

@ Center of gravity factor—An es- 
cape tower rescue, with pull-off of the 
entire crew capsule upward and to the 
side, is relatively simpler in regard to 
the center-of-gravity problem when 
thrust is applied. 

“Basically, the Gemini seat ejection 
poses the same problems that are en- 
countered with ejection from aircraft, 
except that it is far more critical due 
to the horizontal ejection from the cap- 
sule,” a spokesman said. “For a horizon- 
tal ejection, if you have a lateral mis- 
alignment, the astronaut could be tum- 
bled and driven into the ground.” 

Thus the relationship between the 
center of gravity of the seat-man com- 
bination and the thrust line of the es- 
cape rocket becomes all-important in 
the Gemini escape system. This rela- 
tionship is complicated by the fact that 
the seat-man c.g. shifts as the man 
slumps under the acceleration of the 
explosive charge, which drives the seat 
from the capsule, and that of the 8,350- 
Ib.-thrust seat rocket. 

In the ballistic phase of the ejection 
sequence, when the explosive charge 
drives the rail-mounted seat from the 
capsule, the pilot will be loaded with 
22 g for mere milliseconds. Maximum 
for the rocket phase is 16 g. 

Static c.g. of the seat-man combina- 
tion has been determined for each Gern- 
ini astronaut in Weber’s c.g. fixture, util- 
izing a basic formula developed for the 
purpose. 

The c.g. is determined in three 
planes. If lines representing these meas- 
urements intersect in a point, the deter- 


mination is perfect. Usually, a small 
triangle results, and size varies among 
astronauts, since individuals “slosh” dif- 
ferently, depending upon muscle tone 
and other physical characteristics. 

Weber has found that the dynamic 
(under acceleration) c.g. of the seat- 
man combination shifts down about 34 
in. The perpendicular distance between 
the seat-man combination c.g. and the 
thrust line is the eccentricity, and ob- 
ject of the escape system design is to 
maintain a certain eccentricity regard- 
less of the size of the astronaut. This 
results in a c.g. window that is oval- 
shaped, about 11% in. long and 3% in. 
wide. 

Weber has conducted tests with the 
thrust line farther from the c.g. than 
this window allowed and found that the 
system still functions. 

@ Custom-contoured—In order to 
keep the dynamic c.g. where it should 
be for successful ejection and flight 
from the vehicle, seats have been in- 
dividually tailored for the astronauts 
through use of three contoured inserts 
for the back and buttock areas. Size, 
shape and position of the inserts are 
different for each man, so that the 
smaller astronaut sits higher than the 
bigger man and both have about the 
same c.g. system when utilizing the 
seat. Each Gernini astronaut has his 
own set of contoured inserts. 

To properly fit each set, Weber 
makes precise plaster casts of each astro- 
naut, using X-ray photos to determine 
optimum spine position. To supervise 
final production of the plaster casts, the 
firm employs a professional sculptor. 

The main reason for contoured seats 
in the Gemini program is not the launch 
condition but the need to keep the c.g. 
where it belongs. 

Weber engineers learned on the first 
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few tests of development seats that air- 
craft seat-ejection design couldn’t be 
applied wholly to the spacecraft prob- 
lem. The first seat tested was destroyed 
by rocket exhaust flame. Solution was 
to line the flame bucket with an asbestos 
material. The second seat test also ended 
disastrously when the parachute wrap- 
ped around the dummy’s arm and failed 
to open. Solution was to use a drogue 
gun to pull out the parachute instead of 
the conventional spring-loaded pilot 
chute, which wouldn’t function for 
Gemini ejection. 

It also was found that the conven- 
tional Air Force automatic lap belt was 
unsatisfactory for a number of reasons 
—including the fact that the dummy 
opened it manually during flight. Also, 
because of the seat’s high sides the lap 
belt interfered with the seat-man separa- 
tion phase; Weber chose a three-point 
release system similar to that used in the 
one it designed for the B-52 ejection 
Seat. 

Another difference is that the solid- 
rocket motor utilized in the Gemini seat 
is placed inside the back of the seat 
structure, placing it closer to the c.g. 
and yielding a more advantageous noz- 
zle angle. Capsule space limitations also 
were a consideration. 

The seat rocket is procured from 
Rocket Power, Inc. It has a titanium 
case 46 in. long, with an outside di- 
ameter of 3% in. Burn time is 0.27 sec. 
Thrust is 25% more than that of the 
rocket used in the F-106 ejection seat. 
Prior to ejection the rocket tube fits 
tightly inside another cylinder. The two 
are driven apart by an explosive charge 
in the bottom of the outer tube. 

Basic material for the seat is alumi- 
num, but a considerable portion is made 
of titanium for strength with less weight. 
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LEFT: Gemini ejection seat used by Weber for qualification testing. ABOVE: Buttock 
and back impressions of astronauts Virgil Grissom and John W. Young, scheduled to 
make first manned Gemini flight, shown in plaster casts on shelf at Weber Aircraft, 
Burbank, Calif., where similar casts of other Gemini astronauts are also stored. Molds 
are made by having astronauts wearing pressure suits sit in wet treated sand, into which 
plaster is then poured. Result is a replica of astronaut’s backside, running from shoulders 
to slightly below the knee. 


Weber will deliver 13 ship sets, or 
26 seats, under its subcontract with Mc- 
Donnell Aircraft, Gemini capsule prime. 

@ Escape and survival system—The 
escape and survival system consists of 
the seat and means for initiating ejec- 
tion, the hatch actuator system, the 
rocket catapult, the egress kit, the inte- 
grated harness release system, the seat- 
man separator, the ballute system, the 
drogue mortar, parachute system and 
survival kit. 

The egress kit is contained in the 
astronaut’s contoured seat cushion and 
carries his bail-out oxygen. The back 
pack carries the parachute and survival 
kit. Foamed-in-place plastic within sin- 
gle-piece metal structures is utilized for 
the contoured inserts. 

The system is designed for ejection 
and parachute deployment from the cap- 
sule while Gemini is on the pad and 
until an altitude of 89,000 ft. and veloc- 
ity of Mach 3.3 is attained. It can 
withstand ambient temperatures of 
—65° to 200°F. It is also designed for 
ejection and deployment from the cap- 
sule while the vehicle is paragliding, 
or from the capsule should the para- 
glider malfunction. 

Ejection is initiated when either as- 
tronaut pulls the ejection control located 
between his knees, resulting in mechani- 
cal and ballistic actuation to automatic- 
ally: open the hatches; eject the astro- 
nauts, seats and survival equipment; 
separate astronaut and survival equip- 
ment from the seat; provide bail-out 
oxygen; provide astronaut stabilization 
in free fall; and deploy recovery para- 
chute. Below 9,000 ft. the sequence is 
completed in about 4 sec. 

The seats and men separate 1.1 sec. 
after ejection; at 3.8 sec. the drogue gun 
fires to extract the pilot chute and de- 


ploy the 28-ft.-dia. main parachute. The 
two ejection seats are identical in oper- 
ation. 

@ Ejector operation—Pulling of the 
ejection control fires an initiator that ig- 
nites a mild detonating fuse train at- 
tached to the capsule structure. This in 
turn fires percussion primers, which ig- 
nite the propellant in the hatch actu- 
ators. The high-pressure gas thus gene- 
rated powers latch tripping plungers, 
which release hatch locks. As the plung- 
ers approach the end of their stroke 
the gas is vented through a port to 
power the hatch actuator pistons, open- 
ing the hatches to the locked-open 
position. 

Gas from the hatch actuators fires 
the percussion primers, which ignite the 
catapult booster in the rocket catapult, 
and initial booster thrust propels the 
seat up fixed rails that are 50 in. long. 
After 38 in. of travel along the rails, 
the rocket motor ignites. 

Movement of the seat along the 
rails pulls four lanyards attached to the 
capsule structure and components of 
the ejection seat. 

On its rails in the capsule, the top 
of the seat is tilted up from the horizon- 
tal by 8 degrees, 20 seconds. The seat 
rocket nozzle is tilted from the center 
line of the catapult by 33.5 degrees, for 
a trajectory more than 41 degrees from 
the horizontal. 

Separation of the astronaut and sur- 
vival equipment from the seat is ac- 
complished by an actuator piston from 
which high-pressure gas is by-passed to 
actuate a firing mechanism and a 0.05- 
sec. delay cartridge in the seat-man 
separator thruster assembly. The thruster 
piston pulls the seat-man separator strap 
assembly taut and forcibly separates 
man and seat. a 
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First Flight of ELDO Booster 
TIM Components Due Next August 


Netherlands firm developing system for Europa | vehicle; 
first orbiting of operational satellite set for October, 1966 


GENEVA, SWITZERLAND—First flight 
of airborne components of the ELDO 
satellite booster telemetry system is ex- 
pected around next August, with full 
system tests expected about two months 
later. 

ELDO (European Launcher Devel- 
opment Organization) flight-test vehi- 
cle F-4 will carry the airborne compo- 
nents as a passenger before attempts 
are made to use the full system opera- 
tionally on the F-5 and F-6 boosters 
slated for launch sometime after Nov. 
1, 1965, and May 1, 1966, respectively. 

First orbiting of a live satellite is due 
after Oct. 1, 1966. 

Currently under development by 
N. V. Philips Telecommunicatie Indus- 
trie, of the Netherlands, the ELDO te- 
lemetry system will monitor the third- 
stage performance of the Europa I ve- 
hicle with 256 test data. These data will 
be sent to two ground receivers in an 
8-bit code by two S-watt transmitters 
operating at 136/137 mc. 

L. R. Bourgonjon, of Philips, says 
one of the transmitters will use phase- 
reversal modulation and the other will 
use frequency-shift modulation. 

Philips is developing and supplying 
both transmitters and the encoder for 
the rocket stage, as well as equipment 
for the receiving stations, antennas, 
servo equipment, decoders and record- 
ers. 

A time multiplex system is being 
used to carry the test data, and 96 in- 
puts are successively scanned 20 times a 
second with the aid of a commutator, 
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while the lower priority test points are 
scanned by a sub-commutator method 
at a lesser rate—some 4 to 16 times 
slower. 

Design of the equipment is such that 
the number of inputs and the scanning 
speed can easily be changed, permitting 
adaptation of the system for other ap- 
plications. 

As described by Bourgonjon, the 
pulse-code-modulation approach was 
chosen to make maximum use of the 
available transmitter power. Variable- 
amplitude pulses constituting the com- 
mutator output are fed into an analog- 
digital converter, which changes the 
amplitude level into a 7-bit binary code. 

Error resulting from this quantiz- 
ing process is less than 0.4% for a 7-bit 
code, Bourgonjon says, and the RMS 
value of the error is 0.23%. An eighth 
bit is added to the code to permit a 
parity check on interference-free trans- 
mission to be made at the receiving end. 

With each input channel measure- 
ment converted into a group of eight 
binary pulses, a synchronization signal 
is added to indicate the beginning of 
a commutation cycle. The signal is a 
32-bit code specially formed to be rec- 
ognized by the receivers. 

The cycle of the commutator is 
therefore 32 bits, followed by 124 
groups of eight, a total of 1,024 bits. 
With this “frame” of 50 ms, the bit rate 
of the system is 20,480 per second. 

The number of input channels can 
be increased through sub-commutation, 
but the basic information capacity of 


the system remains unchanged at 124 
x 7x 20 = 17,360 bits per second. The 
additional bits in the total signal con- 
sist of the synchronization signal and the 
parity bits used to check transmission. 
Signals arriving at angles greater than 
10° to the horizon can be received. 

@ Modulation—Phase-reversal was 
selected as a modulation method, Bour- 
gonjon points out, because it is the op- 
timum method for binary information 
disturbed only by white noise. 

Since other interference caused by 
multi-path propagation and hot gases 
from the rocket exhaust will affect the 
signal, the Europa I will carry a second 
transmitter in the third stage using fre- 
quency-shift-modulation. 

Both transmitters will handle the 
same information, and _post-mission 
analysis of the results is expected to 
show if the 2-db advantage theoreti- 
cally held by the phase-reversal method 
is proved in practice. 

@ Range—Initial mission of the 
Europa I will be orbiting of payloads 
at low altitudes, giving maximum telem- 
etry ranges of about 1,500 km. The ad- 
vanced ELDO program, however, in- 
volves distances up to 10,000 km or 
more. 

ELDO’s choice of the 136/137 mc 
band for telemetry makes it mandatory 
to include allowances for a sensitivity 
corresponding to a noise temperature 
of about 1,000°K. Receiver sensitivity is 
limited by cosmic noise, and transmitter 
power—limited by permissible weight 
and power consumption—can be set at 
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5 w maximum—a power that can be 
generated on 137 mc with transistor 
circuits. 

An omnidirectional antenna will be 
used because of the inconstant factor of 
vehicle attitude relative to ground sta- 
tions. 

The receiving antenna gain and the 
bit rate are mutually dependent, and 
Philips cautions that the bit rate will 
have to be reduced for missions involv- 
ing great distances. For a 20,000 bit 
rate from distances involving synchro- 
nous satellites, the receiving antenna 
would have to be well over 60-ft. dia. 
For lunar distances with such a rate, 
the diameter would increase to well over 
300 ft. 

@ Airborne portion—Third-stage 
equipment to carry out the described 
telemetry job will consist of a commu- 
tator, an analog-digital converter, a for- 
mat generator, and two transmitters with 
associated modulators. The commutator 
is all-electronic; the range of each input 
channel is O-S5v, converted into 7-bit 
code in the analog-digital converter; and 
the parity bit and the frame synchroni- 
zation code are added in the format 
generator. 

All the switching functions in the 
airborne portion of the system are 
handled by pulses derived from a crys- 
tal-controlled pulse generator, thus giv- 
ing a great deal of stability to the sys- 
tem. Transmitters are also crystal-con- 
trolled. 

The airborne system is completely 
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transistorized and all digital circuits are 
thin film types based on techniques de- 
veloped by Mullard Ltd. 

Outputs from both transmitters are 
taken to an antenna system consisting of 
four elements distributed around the 
circumference of the rocket exterior in 
turnstile fashion. The resulting radia- 
tion pattern is as near as is possible to 
the isotropic. 

System operation in initial flights 
will be about 20 min., and so a relatively 
small battery will supply power. Total 
system weight is 29 lbs. 

@ Ground gear—Telemetry stations 
receiving vehicle data are designed to 
operate effectively even with the signal- 
to-noise ratio at its lowest value, with 
the limiting factor thus becoming cosmic 
noise. 

Regeneration of received signals de- 
generated by noise is possible in binary 
systems if the signal can be determined 
simply to be a O or a 1. If the S/N 
ratio drops below the minimum accept- 
able level, the regenerated signal is no 
longer identical with the transmitted 
signal, and the quality is therefore dic- 
tated by the number of errors occurring 
in regeneration. 

For example, the bit error proba- 
bility with an S/N ratio of +4 is ap- 
proximately 10 while the error proba- 
bility with a ratio of +8 is closed to 107+. 

Two separate means, amplified and 
combined, are used to receive the two 
directions of polarization via an antenna 
made up of groups of dipoles at right 
angles to each other. The array has a 


gain of about 20 db, and can be trained 
on any point through use of two mu- 
tually perpendicular axes of rotation. 

The rotation is actuated by servo 
motors controlled by an automatic track- 
ing system. Directional information is 
derived from received telemetry signals 
or from a readout of guidance equip- 
ment. 

The guidance and telemetry equip- 
ment are completely separate systems 
being developed by different companies 
in several countries. 

@ Multiple receivers—Since signals 
from the third-stage telemetry system 
and the satellite itself must be received 
on the same equipment, a number of re- 
ceivers is required at each ground sta- 
tion. Seven receivers will be installed at 
the station in North Australia, and will 
be connected with the antenna by means 
of hybrids and preamplifiers. 

Three tape-recording units will be 
installed at the ground stations to pre- 
serve data for post-launch analysis. Two 
of these will record the regenerated sig- 
nal in digital form and one will record 
the signal before it is detected. The last 
is a precaution guarding against mal- 
function in a circuit of the detection 
or regenerating equipment. 

In the South Australian station, a 
selected number of channcls will be 
displayed immediately to give a real- 
time indication of launch behavior of 
the vehicle. Checkout equipment will 
be included to monitor the entire system 
through pre-launch tests as specified. @ 
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life support 


Suit Cooling System Cuts 


PRELIMINARY development of a 
novel spacesuit cooling system which 
could ease the physiological strain on 
astronauts has been completed at the 
Garrett Corp. ; 

The system, which Garrett engineers 
describe as Internal Thermal Environ- 
ment Management, or ITEM, has a 
considerable advantage because it does 
not require the astronaut to perspire to 
keep cool. According to Edward C. 
Wortz, one of the developers, the 
technique more closely resembles the 
normal cooling modes of man than do 
some of the other methods considered. 

Even in crude preliminary tests, the 
company says, a reduction of more than 
65% in the sweat rate was obtained. 
Ever since the Mercury astronauts suf- 
fered severe dehydration, physicians 
have clamored for a system which does 
not impose such a heavy sweat require- 
ment. 

The technique differs from the 
Apollo cooling system, which relies on 
conductive cooling methods through the 
use of water circulated in tubing 
throughout the undergarment (M/R 
June 22, p. 31). The Gemini spacesuit 
cooling system, like that in Mercury, 
is managed outside the suit through the 
environmental control system. 

Wortz told M/R the company- 
funded Garrett system is not tied to 
any particular suit and could be in- 
corporated into any .of these. 

®@ Description—The system relies 
on a number of liquid-to-gas heat ex- 
changers in the gas stream inside the 
pressure suit. Several configurations— 
with the heat exchangers either at- 
tached to an undergarment or worn like 
a harness—have been studied. With 
maximum heat loads, Wortz said, about 
seven heat exchangers probably would 
be used. 

Entire weight of this system is about 
three pounds. Wortz noted that a con- 
siderable power saving could be ob- 
tained with it, since the cooling stream 
is circulated at a rate of only about 4 
cfm, compared with as much as 25 cfm 
in other systems. 

Cooling gas enters the suit normally, 
cools the skin, then passes over a heat 
exchanger and is itself cooled. Moisture 
is continually condensed and re-evap- 
orated, removing great quantities of 
heat. 

The internal heat exchangers have 
two important effects, Garrett engineers 
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report. One is the “cascade” cooling 
of the ventilating gas stream, in which 
the oxygen enters the suit and passes 
over the subject’s body until it reaches 
about an 85°F temperature. Tempera- 
ture after passing through the heat ex- 
changer is about 55°. 

The other effect, perhaps even more 
important, is the addition of a small 
amount of moisture to the ventilating 
oxygen flow. The condensation and 
evaporation cycle accounts for a major 
portion of the cooling process. Im- 
provements could be made in the system 
by providing wicking arrangements to 
carry the condensed moisture away 
from the heat exchangers so that it 
may be re-evaporated, and the more 
times the water is recycled, the more 
efficient the system, Garrett engineers 
point out. 

® Testing program—About 15 sub- 
jects were tested during the development 
of the system. The heat exchangers were 
placed on the subjects, who were then 


GD/A Picks Subs for 
One-Year Support System 


SUBCONTRACTORS for the 
“optimized” one-year life-support 
system have been announced by 
General Dynamics/ Astronautics. 
They are: Hamilton Standard 
Div., United Aircraft Corp., CO, 
concentrator and water recovery 
system; Thompson Ramo Wool- 
dridge Electromechanical Div., 
CO, reduction unit and cabin air 
water separator; General Electric 
Missiles and Space Division, 


water electrolysis unit; MRD divi- 


sion, General American Trans- 
portation Corp., catalytic burner 
and waste-management system; 
Electric Boat Div., General Dy- 
namics Corp., filtration water re- 
covery system; Whirlpool Corp., 
Systems Div., food management 
system. 

The G/D system (M/R, June 
15, p. 35) is under development 
for NASA’s Office of Advanced 
Research and Technology, and 
will be delivered to the Langley 
Research Center. It is designed 
for life support for four men, with 
resupply every 90 days. 


Sweat Rate 


carefully assisted into Mark-IV Navy 
pressure suits. These pressure suits were 
also covered with a layer of aluminized 
Mylar, to eliminate radiant heat ex- 
change. 

The heat exchange tests were con- | 
ducted in Garrett’s AiResearch R&D 
laboratory high-altitude chamber at re- 
duced pressures. The subjects were in- 
strumented for medical monitoring, 
metabolic rate measurements, and pa- 
rameters of the cooling system. During 
the test, the subjects mounted a tread- 
mill, and performed at high work loads, 
until a stable heat load was obtained. 

A number of variables were modi- 
fied during the development of the sys- 
tem, including pressure, dew point and 
flow rate of the ventilating gas, tempera- 
ture, and flow rate of the coolant, pres- 
sure of the cabin and differential be- 
tween suit, cabin and the work load. 

Without the heat exchangers, the 
engineers say, an astronaut generating 
1,100 Btu/hr metabolic heat would have 
to have a sweat rate of about 24 Ibs. 
a day. This is on the assumption that 
a typical pressure-suit situation would 
have a system with a cooling flow of 
12 cfm at 3.5 psi, producing a tempera- 
ture of 55°F in the gas entering the suit, 
and 85°F leaving the suit—removing 
only 10% of the heat load as sensible 
heat. Thus 1,000 Btu/hr. would have to 
be removed as latent heat. 

Several configurations have been 
tested during the evolution of Garrett’s 
work. The first developed removed 430 
Btu/hr. from the suit when the sub- 
ject had a metabolic rate of 1,000 Btu/ 
hr. Another removed 485 Btu/hr, and a 
third 750 Btu/hr. Respective pressure 
drops in the coolant loop were 10, 13 
and 14 psi respectively. | 

Garrett began development of the - 
system about three years ago, and has 
continued company support since. 

The problem of dehydration of the 
Mercury astronauts also has figured in ~ 
a scientific controversy—whether the 
orthostatic hypotension or blood circula- | 
tion condition which befell Walter M. | 
Schirra and Gordon Cooper was a true | 
product of weightlessness or of the de- | 
hydration itself. Solution of this prob- | 
lem through proper engineering of 
spacesuit cooling systems would not | 
only make obvious contributions to the | 
welfare of the astronaut, but would aid { 
in discovering the real effects of weight- | 
lessness. a 
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SPACE ELECTRONICS 


First Saturn V Guidance Computer, Data 
Adapter Prototypes Due at Marshall 


THE FIRST Saturn V_ guidance 
computer and data adapter prototypes 
will be delivered to NASA’s Marshall 
Space Flight Center this month. 

Representing a marked advancement 
over its predecessor employed in Saturn 
I, the International Business Machines 
Corporation-developed subsystems re- 
portedly have an expected 99.7% re- 
liability for 250 hours of operation. 

To be used with the highly advanced 
Bendix Corp. inertial guidance platform 
in the Apollo lunar-mission booster, the 
digital computer and adapter units will 
perform checkout and provide naviga- 
tional and engine control inputs for the 
Saturn V from pre-launch to lunar 
trajectory injection and final separation. 

Under contracts totaling $70 mil- 
lion, IBM’s Federal Systems Div. will 
provide Marshall with six prototypes 
and 30 production models of each sub- 
system. 

Weighing approximately 250 pounds, 
the two units will occupy about 5% cu. 
ft. of the instrument unit, located be- 
tween the Saturn V upper stage (S- 
IVB) and the Apollo spacecraft mod- 
ules. 

Of the six prototypes, two will be re- 
tained by IBM at Owego, N.Y., for test- 
ing, one will go to Cape Kennedy for 
use in training and three will be sent to 
Marshall for test and breadboard use 
with Saturn IB and V subsystems. First 
flight test will be aboard a Saturn IB as 
active systems in late 1965, according 
to Marshall officials. 

® Checkout and control—The new 
Saturn V digital computer and data 
adapter subsystems function in four 
primary modes of operation: pre- 
launch checkout, boost guidance, or- 
bital checkout, and lunar-trajectory in- 
jection. 


by Charles D. LaFond 


SATURN V DIGITAL computer, developed by IBM, is readied for delivery. 


The data adapter serves as the two- 
way interface between the computer 
and all the other guidance subsystems, 
either on the ground or in the vehicle. 
These include inputs from the ground 
control computer, radio command 
channel, telemetry computer-interface 
unit, and both inter and intra-vehicle 
communications plus the  vehicle’s 
power source, inertial guidance plat- 
form, and flight-control computer. 

During pre-launch checkout, the 
computer is programmed to perform 


EQUIPMENT COMPARISON 


(Seturn | ond V Computer/Doto Adopter 
Subsystems) 


ITEM SATURN 1 SATURN V 
No. components 12,000 80,000 
Weight (Ibs.) 210 253 
Volume (ft.3) 3.9 5.5 
Totol power (wotts) 540 438 
Operotions/sec. 3,200 9,600 
Storoge copocity (bits) 100,000 460,000 
Reliobility (MTBF, hrs.) 750 45,000 
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self-test and then a complete mission 
simulation and a system test. 

The boost-guidance mode begins 
with Saturn V lift-off, follows and 
evaluates in-flight booster velocity and 
position change inputs from the inertial 
platform and develops and directs con- 
trol signals to the big engines for com- 
pensation. Finally, the subsystem com- 
putes and initiates stage cut-off at the 
appropriate time in flight. 

Analog inputs from the sensors are 
accepted by the data adapter and digi- 
tized for computer use. Computer out- 
puts are converted back to analog form 
by the DA as required. 

Once in orbit, the computer is em- 
ployed for propulsion-system checkout 
and to test and checkout the mid-course 
guidance and control system and other 
supporting or related instrument unit 
subsystems. Results of those checks are 
directed to ground for evaluation prior 
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COMPUTER EMPLOYS 150 “page” assemblies (right) containing up to 35 highly minia- 


turized electronic Unit Logic Devices. 


to initiation (by ground control) of the 
lunar-trajectory injection mode. 

The computer again performs its 
navigational and steering role for in- 
jection. It completes its flight operating 
function with booster cut-off and sep- 
aration directions. 

@ Improvements manifold—In com- 
paring the new Saturn V guidance com- 
puter and data adapter with its prede- 
cessor in the Saturn I guidance system 
(also developed by IBM), the differ- 
ences and improvements are striking. 

While the Saturn I computer was an 
adaptation from the system used in 
the Air Force Titan 1] ICBM, the new 
equipment was designed to meet more 


rigid weight and reliability needs. The 
operating span, operating environment 
and versatile performance of the Saturn 
V guidance system demanded a vastly 
more sophisticated computer with greatly 
increased capacity and capability for fu- 
ture expansion without the need for re- 
design. (See the accompanying table of 
equipment. ) 

With only a slight weight and vol- 
ume increase, the Saturn V computer/ 
data adapter provides three times the 
operating speed, a 6000% mean-time- 
between-failure reliability increase and 
four times the storage capacity of the 
Saturn I computer. Further, it employs 
nearly seven times the number of elec- 


BLOCK DIAGRAM of Saturn V digital guidance computer indicates data flow. 
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tronic components and requires 100 
watts less total power. 

The present 460,000-bit storage ca- 
pacity can be readily doubled by merely 
plugging in the necessary memory mod- 
ules. 

@ Computer details—To meet the 
tight weight and size limitations and 
still obtain the necessary high capacity 
and reliability needs for the guidance 


~ computer, IBM’s design included triple 


modular redundancy, a new line of unit 
logic devices, duplex memory organiza- 
tion and a liquid-cooled magnesium- 
lithium chassis. Weighing only 77 lbs., 
the computer occupies about 2.2 cu. ft. 
and requires 131 watts total power. 

The system is a general purpose, 
serial, binary data processor. To reduce 
processing time, addition and subtrac- 
tion are performed simultaneously with 
multiplication and division. (Typical 
processing times: addition—82 usec.; 
multiplication 328 psec.) 

A 2.048-mc. crystal oscillator pro- 
vides primary timing from which four 
512-ke clock pulses per bit are drawn. 
The latter permits inverter loads to be 
time-shared, eliminating need for an 
AND diode for each clocked AND. 

Four plug-in modules provide a 
460,000-bit storage capacity for the ran- 
dom-access magnetic-core memory. 
Room is available, when needed, to add 
four more storage modules. 

The computer memory can be oper- 
ated as a single storage device or as two 
memory units functioning in a parallel 
or duplex mode. Only the output of a 
single module, however, is used at any 
given time. Automatic switching occurs 
in the event of failure of one memory 
module and subsequently the out-of-use 
memory is corrected by the buffer reg- 
ister of the storage unit in use. With this 
approach, said IBM, the chance of si- 


multaneous failure of both modules ap- 


proaches zero. 

The use of magnesium-lithium- 
alloy/methanol-water cold plates in the 
computer and data adapter permitted a 
65-lb. weight reduction in chassis de- 
sign. Believed to be the first successful 


use of the alloy in electronics structural ! 


fabrication, the cold plates provide a 
temperature reduction of 18°F. (The 


tendency of the alloy to excessively | 


oxidize and corrode apparently has been 
eliminated by IBM developed annodiz- 
ing and coating process.) 


© Redundant design—In determin-- 


ing the extent of redundancy required 


to meet reliability needs, IBM identi- | 
fied seven computer functional sections 


wherein catastrophic failure might oc- 
cur but could not be permitted to occur. 

Each functional section was placed 
in three identical but independent logic 
channels. Problems are presented to 
each module for simultaneous action 
and the independently derived results 
go to a majority-rule voter circuit. &@ 
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So mar cam walle 
among the stars... 


Man is fast breaking his bonds with earth, bringing reality to an an- 
cient dream. Just around the corner is the moon... and a few tomor- 
rows beyond ... other planets and the far-off stars. 

In the exciting events taking man spaceward, space simulation 
systems play a vital role. With them, the nation’s leading aerospace 
corporations and government agencies test equipment, spacecraft... 
even man himself. In environments with temperatures and pressures 
of outer space, man is learning his new element. 

Many of these systems and chambers have been designed and built 
through the coordinated services of CBal—the teamed talents of 
research, engineering, fabrication and construction specialists. The 
result: CBalI’s big craftsmanship, creating the best in large metal 
plate structures...in any form...for any function...anywhere in the 
free world. 

Dream big! Then call on CBal’s big craftsmanship. Write, phone 
or wire Chicago Bridge & Iron Company, Oak Brook, Mlinois. Offices 
and subsidiaries throughout the world. 


oe 
Serving leaders in the fields of Nuclear Power, 
Chemistry, Petroleum, Aerospace, Cryogenics, Hydroelectric 
Power, Saline Water Conversion, Pulp and Paper, 
Municipal and Industrial Water Supply. builds big s 4 


SPACE ELECTRONICS 


ITT Affiliate Working on Gas 


Laser for Guidance System Use 


Company financed helium-neon unit could find application 
in France’s Diamant, ELDO booster; rangefinder being tested 


Paris—A gas laser aimed at appli- 
cation in the command guidance sys- 
tems of the Diamant and/or ELDO 
space boosters is being developed in a 
company-financed project which is cer- 
tain to command considerable attention. 
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Laboratoire Central de Télécommu- 
nications (LCT), an ITT affiliate work- 
ing on the helium-neon laser, empha- 
sizes that neither the Diamant national 
program in France nor the European 
Launcher Development Organization 


of LCT’s ruby laser rangefinder now undergoing 
tests. Rangefinder is first of its kind developed in Europe, and will be used in tracking 
role during launch phase of ELDO booster. 


(ELDO) is publicly or officially com- 
mitted to use of a laser system. But they 
have been given confidence by the es- 
tablished advantages of the technique 
and the known official encouragement | 
of applying such advanced technology. 

The new project follows on the heels 
of LCT’s ruby laser rangefinder, the first | 
in Europe, which is now undergoing” 
intensive field tests. The gas laser, not” 
yet at the hardware stage, will have an 
accuracy estimated at +1 meter over) 
ranges up to 50 kilometers. It would be | 
used in a tracking role during launch] 
to feed range and bearing information } 
to command guidance computers. | 

The gas laser project is somewhat} 
similar to the Perkin-Elmer develop- | 
ment in the United States, although | 
LCT officials feel that the P-E perform- | 
ance figures are rather optimistic and) 
do not take into account certain de-} 
teriorating factors. 


the accuracy of such systems. The LCT 
design differs from the P-E unit in the} 
modulation technique and other re- | 
spects. 

Henri Bosc, of LCT’s laser appli-4 
cation department, said the company’s | 
helium-neon laser will use d-c excita-4 
tion, and preliminary work has been 
carried out for some time with an 8- 
meter laboratory laser. The lab setup 
has been used for theoretical study of! 
laser lines in helium, neon, argon, xenon} 
and krypton. About 20 new lines have} 
been discovered, and there is evidence! 
of a cascade laser. Molecular changes{ 
in various gases have also been studied. | 

The company-financed project may 
receive contractual support later, like 
the LCT-funded ruby laser rangefinder, | 


tracts were let by the military services. 

® Ruby laser—LCT’s ruby laser 
rangefinder, was demonstrated for Mis- 
SILES AND ROCKETS on a Paris rooftop. 
On a misty rainy day, it individually 
picked out two church steeples ex- 
tremely close together at a range of 
6,420 meters. The biggest problem con- 
sisted of successfully aiming the very 
narrow beam. 

Messrs. Cagniard and Grassot, of 
LCT, who demonstrated the device, said 
they successfully picked out 1,500-me- 
ter-distant advertising signs where only 
half the laser beam was intercepted by 
the target. 

The beam bandwidth is one millira- 
dian, which would dictate a tripod 
mounting for an operational military 
version, expected to be about half the 
volume shown in the accompanying 
photographs. During the demonstration 
for M/R, the maximum range attained 
was 8,800 meters through heavy mist. 

Nominal range of the unit, which 
began operating in prototype form in 
early 1963, is 3.5 km on an average 
vehicle, but 5 km is not uncommon and 
LCT says the absolute maximum at- 
tained is 12 km on a perfectly clear day 
against a flat white wall. 

Accuracy of the ruby model is +5 
meters at any distance, and divergence 
of the light pulse is 0.5 milliradian. 
Delay time between the triggering and 
the pulse varies; actual passage of the 
pulse from the unit is measured by a 
photocell, and the return pulse similarly 
measured. Tens of nanoseconds accu- 
racy is required in this approach. 

Bosc says the most difficult develop- 
ment problem is the stability of filters, 
whose quality deteriorates with time, 


LCT TECHNICAL DATA 
ON RUBY LASER RANGEFINDER 


TRANSMITTER 
Peak pawer of frans- 
mitted pulse 1 MW 
Duratian {Less than) 50 nanoseconds 
Leading Edge {Less thon) 15 nanaseconds 
Repetitian period 3 secands 
Beamwidth (pencil 


shape) 0.5 miltiradian 
Wavelength 6,943 
Angstrams 
RECEIVER 
Opticol receiving area 50 cm? 
Angulor aperture 1 milliradian 
Optical bandwidth 40A 
Quantum efficiency 0.02 
(approxi- 
mately) 
Electrical bandwidth 25 me 
COUNTING CIRCUIT 
Clack frequency 29.970 me 
Range display 0 ta 9,995 m, 


in 5-m steps 
RESULTS 


Maximum useful range 3.5 km on aver- 


age vehicle in 
clear weather 


Precision +5 m 


temperature and humidity. The narrow 
filters quickly go out of tolerance. 

The transmitter is the Q-switch type, 
with a pulse on the order of 1 MW and 
50 nanoseconds of time. Rise time is 
10-20 ns, corresponding to three meters’ 
travel. The prism rotates at a rate of 
18,000 rpm. 

® Design details—Through a tele- 
scope aligned with the laser axis, the 
operator sights the target precisely with 
the aid of crosshairs. Pressing the trigger 
button transmits the pulse from the laser 
head, and a gate is opened to start the 
counting of regularly spaced pulses sup- 
plied by an electronic clock. The gate 
closes when the receiver detects the light 
pulse reflected from the target; the 
counting then ceases. 

The counter measures time elapsed 


GE's Gemini/ Bios Fuel Cell 


THREE MILESTONES in the de- 
velopment of fuel cell power systems for 
spacecraft use have been announced by 
General Electric’s Direct Energy Con- 
version Operation (DECO) in Lynn, 
Mass. 

GE, under contract to supply the 
oxygen-hydrogen fuel cell system for 
the Gemini spacecraft, reports that a 
production fuel cell battery has been 
successfully operated for more than six 
weeks, about three times the require- 
ment for the manned 14-day Gemini 
mission. GE says the battery main- 
tained a specified output (though they 
would not specify what it was, other 
than to say it was below the 2-kw peak 
power requirement of the two-cell Gem- 
ini system) for 1,100 hrs. 

The battery under test underwent a 
vibration test simulating Gemini launch 
prior to the 1,100-hour run, and also 
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went through an eight-hour “heavy load 
cycle” just prior to shut down. This was 
meant to simulate a high-power demand 
just before re-entry. Power levels at this 
Operation are also reportedly classified, 
though GE did tell MIssILEs AND ROCK- 
ETS the load increased about 300% 
from the load in the simulated 46-day 
flight. (M/R, June 8, p. 29). 

GE also announced successful test 
of another production battery in a sim- 
ulated Gemini-Agena rendezvous mis- 
sion. This mission, according to the 
firm, requires a high output of nearly 
1 kw at 43 amps for a short period. The 
Tun was started after 100 hours of pre- 
flight checks, which included seven 
stop/start operations and a 1.1 kw peak. 

GE also formally announced that 
DECO will supply the fuel cell system 
for NASA’s Biosatellite, being built by 
GE’s Re-Entry Systems Dept. in Phila- 


between transmission and reception, 
and is calibrated in range units, thereby 
enabling direct display of distance in 
meters and kilometers. This display is 
instantaneous via a digital readout unit. 

Transmitter layout uses a mirror, 
which is neither silvered nor dielectric, 
in conjunction with the laser crystal. 
LCT says this lends sturdiness. On one 
side, the ruby crystal is cut as a total 
Teflection prism; on the other side the 
interferometer is completed by a mo- 
bile prism rotating at 18,000 rpm. A 
small percentage of the energy circu- 
lating in the interferometer is inter- 
cepted by a transparent flat to make up 
the output beam. 

Receiver layout consists of an optical 
assembly of high luminosity which inter- 
cepts exclusively signals coming through 
a cone of small angular aperture; an op- 
tical filter with limited bandwidth cen- 
tered on the wavelength being used; a 
photomultiplier with amplifier; and a 
threshold device designed to admit only 
those signals exceeding noise by a spe- 
cific value. 

The transmitter-receiver unit is tri- 
pod-mounted and oriented by means of 
a universal swivel joint. Connected with 
this is the power supply, operating from 
either a 50c/s main line or from 24v 
battery of accumulators. 

Since there was no effort at minia- 
turization, the initial model weighed a 
total of 40 kg, but LCT says a pro- 
duction model would weigh about half 
this. In addition to the transmitter-re- 
ceiver unit and power supply, an indi- 
cator unit is integrated with the system, 
containing electronic counting circuits 
and numerical range indicators in the 
form of digital readouts. | 


Progresses 


delphia. The award had been expected 
(M/R, June 8, p. 29). The Bios battery 
will include 32 individual cells and the 
complete system for the 30-day mission 
will weigh 210 lbs. a 


ASTRONAUT Elliott 


M. See samples 
some of the water that is a by-product of 
fuel cell operation. GE is producing bat- 
teries for Gemini spacecraft fuel cell. 
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Brown& Root 
is tough on... 


Brown & Root! When a Brown & Root job is completed it will 
pass anyone’s white glove inspection. After 50 years in the business 
we have long since found it’s best to do things right the first time. 
This way you save time, money and... reputation. A Brown & Root 
takes full responsibility for its jobs. We rarely sub-let portions of a 
project. This cuts off the time-honored practice of passing the buck in 
case of failures, but we prefer it that way. A We always strive to be 
“ahead of schedule and below the estimate.” This is why we have so 
much repeat business. We will be happy to discuss your project, with 
no obligation, of course. 


Petro-Chemical complex by Brown & Root Wood pulp plant by Brown & Root 
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SPACE ELECTRONICS 


RCA System Pinpoints Satellite 
Size, Shape, Orbital Characteristics 


by Rex Pay 


SAN FRANCIsco—Automatic identi- 
fication of satellites and transmission of 
their orbital data to the spacetrack cen- 
ter in Colorado Springs, Colo., is being 
carried out at the Moorestown Space 
Track Facility, N.J., under control from 
an RCA 4102-S computer. 

Commanded by the Space Track 
Sensor Computer (SPASEC) real-time 
program, the computer locates new sat- 
llites soon after launching and keeps 
updated orbital records of all identified 
satellites. It also indicates individual 
satellite size, shape and stability. Alter- 
ations in a satellite’s orbit, such as a 
plane change, are automatically re- 
corded. 

A new addition to the system is the 
iransmission of real-time pointing data 
(2,400 bits/sec.) from Moorestown to 
a narrow-beam short-range radar in 
Baltimore. 

Additional storage capacity will be 
added to the system when the known 
satellite population becomes much larger 
than the present 400 objects. 

The Moorestown radar in real-time 
communication with the 4102-S oper- 
ates in a surveillance mode, to provide 
data on all orbiting objects passing 
through the volume scanned, or in a 
tracking mode, to provide more ac- 
curate Orbital data on selected objects. 

SPASEC was conceived as a single- 
purpose system, rather than general- 
purpose, that would operate 24 hours a 
day, seven days a week. The computer 
program used was outlined by E. T. 
Garner and J. Oseas of RCA at the Fall 
Joint Computer Conference held here 
last week. 

@ Operation—The computer re- 
ceives information from the radar in 
the form of digital signals representing 
range, azimuth, elevation, Doppler shift 
and time. From these, it produces 
smoothed radar observations in the form 
of time, range, azimuth, elevation and 
identity of satellite, if known. This in- 
formation is transmitted over teletype 
to Colorado Springs. 

Orbital elements of all known satel- 
lites, with constant updating, is trans- 
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mitted to Moorestown over the teletype 
link from the central data and catalog- 
ing center, which is in communication 
with all members of the Spacetrack net- 
work. The center also provides Moores- 
town with a priority list of desired ob- 
servations. 

Missions are planned by taking ac- 
count of such new information requests, 
object priority, number of expected 
sightings and probability of detection. 
The plan is carried out by the tracking 
radar control console operator, who 
directs the radar to scan a selected sec- 
tor. This is the extent of the manual 
intervention in normal operation. 

As the radar scans its assigned re- 
gion of space, parameters of detected 
objects enter the computer store. These 
data are compared on a scan-to-scan 
basis to see if they might reasonably 
be expected to have come from a single 
object. If they do, they are considered 
associated and are combined and 
smoothed to an approximation of target 
position and velocity. 

When the program determines that 
no more useful scan data can be gained, 
identification is attempted by compar- 
ing the estimated position and velocity 
with predicted radar fan penetrations 
by known satellites. 

Penetrations that will be relevant are 
computed in advance for a given radar 
scan coverage, by reference to an 
ephemeris file. The penetrations are 
stored in a time-ordered sequence. 

Final target information includes 
range, range rate, range acceleration, 
azimuth, azimuth rate, elevation, eleva- 
tion rate, time and an accuracy index. 
This is compared with the ephemeris file 
by a comparator program, yielding one 
of the following results: fine, passed 
comparison with close time and position 
tolerances; coarse, passed comparison 
within broad time and position toler- 
ances; coarse, tentatively identified with 
more than one object; uncorrelated, ob- 
ject unidentified. 

A computer routine then decides 
whether operation should switch from 
the scan mode to the track mode. 

Uncorrelated objects pass through 


discrimination tests to check if the ob- 
ject is a satellite, Based on energy con- 
siderations, the tests eliminate meteors, 
the Moon and noise. Targets, including 
those passing these tests, are given track- 
ing priorities, depending on identifica- 
tion, data age and the probability of 
detection. 

To automatically track an object, 
the program directs the radar to point 
along the object’s path slightly ahead 
of it. The designated point is computed 
for current time plus half a second and 
is valid for one second. If the object is 
not detected, a new designated point 
is computed. This procedure may con- 
tinue for 30 seconds. If the object is de- 
tected in this period, the radar auto- 
matically locks on and tracking starts. 

@ Smoothing—Track data is 
smoothed using unweighted arithmetic 
means with least-squares fits to develop 
the rates. The final tracking information 
contains range, range rate, azimuth, azi- 
muth rate, elevation, elevation rate, ave- 
rage angular credences and orbital ele- 
ments consisting of inclination, period, 
semi-major axis, eccentricity and right 
ascension. Ten seconds of radar infor- 
mation provide these data. 

The 4102-S computer used in the 
system is the most recent addition to 
the 4100 series built by RCA, Van Nuys, 
Calif. It is a 16-level, 30-bit word length, 
parallel, binary, 2’s complement, stored- 
program computer. It has 16 program 
counters and 96 full-length index regis- 
ters. An add instruction requires 19.2 
microseconds and multiply, 75.5 micro- 
seconds. The machine is paper-tape 
oriented. 

An Analex 41000, capable of print- 
ing 1,000 lines per minute, is used to 
provide hard copy of the penetrations 
of the surveillance sphere of the radar. 

An interface unit enables the com- 
puter to communicate in various ways 
with the teletype link. In the automatic 
mode, incoming information is made 
available to the computer directly from 
the tape punch heads, and outgoing in- 
formation is transmitted automatically 
to the spacetrack center, from the punch 
heads, with a back-up paper tape being 
produced. a 
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NEW FIFTH EDITION 


Fall-Winter 1964 F lea... 
50% Revised 9 / 
Order Now 


Bi ey 


This fifth edition of the WORLD SPACE DIRECTORY lists over 17,000 key industry 
personnel in approximately 4,250 U. S. and foreign missile/space and defense- 
oriented companies, organizations and government agencies. Over 50% of the 
listings have been revised and over 400 new companies added to reflect changes in 
the industry since the last issue was published in March, 1964. 


WORLD SPACE DIRECTORY will serve as your basic guide to locating companies 
and personnel; checking titles, addresses and telephone numbers; and gathering 
reference data for production planning in the multi-billion dollar missile/space 
and defense markets. 


Order your copy of the easy-to-use WORLD SPACE DIRECTORY today. 


Please ship........ copies at $72.50 United States, Possessions & Canada; 
$73.50 All Other Countries. 


WORLD SPACE 


DIRECTORY NAME TITLE 
1001 Vermont Ave), N:W., |f|| COMPANY uuu) 9 SGM PROD@ens scnulece 


Washington, D. C. 20005 


ADDRESS 


CITY STATE ZIP 


— ELECTRONICS 


New Product of the Week: 
High-Speed Copier 


An office system reproduction device 
capable of making copies directly from 
an original document at rates up to 
2,400 per hour has been developed and 
demonstrated by Xerox Corp. 

The Xerox 2400 is an automatic, 
continuous-output unit that produces 


The increased operating speed of 
the 2400, Xerox says, is the result of 
developments in the optical, developing 
and fuzing systems and an increase in 
the drum speed. The optical system 
uses a mirror that oscillates to scan a 
curved glass platen on which the orig- 


Original document 


il 


£; 


Xerox 2400 Schematic 


1. Oscillating mirror 
2.Fixed mirror 


3. Selenium coated drum 
4. Roll fuser 


A, B, & C-Paper transports 


lack and white copies from opaque, 
ransparent or translucent originals up 
o 9x14 in. in size with image areas 
kot exceeding 8.5x13 in. The paper 
upply tray holds four reams of paper 
ind has an elevator that can handle 
iny of three predetermined sizes. 


inal document is placed. Each scan 
takes 1.5 seconds. 

The unit has a photoconductive 
drum guaranteed to 100,000 copies. 
Power requirements are 208 to 240v, 
approximately 4,500 va. The device is 
initially available on a lease basis only. 
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Warning-Signal Generator 


Marshall Precision Components, Inc., 
s marketing a solid-state warning-signal 
enerator that provides any of several 
varning outputs. 

The Model SSW-622-027 monitors a 
iven input to the preselected level. At 
hat point, three warnings are triggered: 
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two audio outputs and one warning- 
lamp output. Each audio channel has 
a 1-ke tone that is interrupted with a 
50% on-off cycle at a rate of 4 to 6 
eps. A third warning is an interrupted 
28-v signal with the same cycle and 
rate that flashes a 28-v, 60-ma lamp. 

A potentiometer permits selection of 
the trigger signal in the range from 10 


to 90% input. The unit is internally 
compensated for a voltage variation of 
+15% and compensated so that trigger- 
ing will occur at the same point +1% 
over a —25° to 160°F temperature 
range. 
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Control Amplifier 


Power Instruments, Inc., is mar- 
keting the “Sensor-Matic,” a control 
amplifier designed to put “touchless” 
sensors to work. The device has inputs 
to accept signals from photoelectric or 
magnetic pickups and on-off conduc- 
tion from a contactor switch. All inputs 
are subject to selectable delay from 
0.002 to 1.0 second. 

Four outputs are provided: 3v peak 
pulse; high impedance, to operate elec- 
tronic counters to speeds up to 5 mil- 
lion/minute; 12v peak, low impedance, 
to fire SCR’s to speeds up to 30,000/ 
minute; 50 va reed relay contacts for 
speeds up to 9,000/ minute; and double 
pole, double throw power relay (op- 
tional) for handling loads up to 10 
amps to rates to 100/ minute. 
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Tape Reader 


A bi-directional perforated tape 
reader capable of reading 120 charac- 
ters per second is being marketed by 
Tally Corp. 

The Model 464 can read data from 
5-, 6-, 7-, or 8-level tape. The asynchro- 
nous unit has a non-return-to-zero fea- 
ture made possible by the star wheel 
reading principle and said to appreci- 
ably simplify system logic. Tape may be 
read accurately in excess of 1,000 
passes. 
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Set Point Station 


An instrument designed to link a 
computer to analog control equipment 
used in manufacturing processes has 
been announced by IBM’s Industrial 
Products Div. 

The IBM set point station Model 
891 is designed to accept and convert 
the output of a digital computer to 
analog signals and transmit these sig- 
nals to a controller. Two models of the 
device are available—one with pneu- 
matic process instrumentation and one 
with electronic process instrumentation. 

Either “slew,” “trim,” or multiple 
(pulse) contact closures can be ac- 
cepted from the computer by the de- 
vice’s set point station. A slew pulse of 
2.5 secs. produces 20 steps; a trim pulse 
of 0.5 sec. produces one step. In the 
pulse mode, maximum stepping rate is 
100 steps/sec. 

Circle No, 15S on Subscriber Service Card 
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beyond apollo— 
the U.S. space program 


Ath 
annual « 
NASA | 
issue 


november 30, 1964 


MISSILES AND ROCKETS, the weekly of Space Systems 
Engineering, will publish its fourth annual NASA Issue on 
November 30, 1964. 


This annual issue, now accepted as the authoritative publication on the 
nation’s space agency, will examine future procurement plans of the National 
Aeronautics and Space Administration and three organizations allied with it 
in exploring the peaceful uses of space, Communication Satellite Corporation, 
Atomic Energy Commission and the U.S. Weather Bureau. 

With major procurement for the Apollo manned lunar landing program now 
behind it, NASA is deep in the planning for new projects to expand man’s 
knowledge of space, including such post-Apollo missions as the Lunar Logistic 
Supply System, Manned Orbital Research Laboratory, Extended Apollo, Project 
Voyager and Manned and Unmanned Planetary Probes. ComSat Corp., AEC 
and the Weather Bureau are drawing up plans for their growing participation 
in the peaceful use of space. 


This issue of MISSILES AND ROCKETS provides the recognized and au- 
thoritative route to reach the men who will be making the research, design, 
engineering and procurement decisions in these new multi-billion dollar 
programs. 


By request, the fourth annual NASA issue of MISSILES AND 


ROCKETs will provide 5,000 bonus circulation to the decision- 

bonus circulation » makers in NASA, AEC, ComSat Corp. and the Weather Bureau. 
This means more impact, more readership for your advertising 
dollars in MISSILES AND ROCKETS. 


publication date—nov. 30, 1964 advertising closes—nov. 16, 1964 


missiles and rockets 


American Aviation Publications, Inc., 1001 Vermont Ave., N.W., Washington, D.C. 20005 
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has agreed to acquire Haller Incorporated North- 
ville, Mich., a producer of powder metal parts. Bo 
Move is intended as an important diversification 
in the F-M-B product line. . . . The Sunbeam 


saegocnapenesnn 
Sno 


nena 


Missile/Space Facilities 


The Marquardt Corp. on Oct. 30 dedicated a 
new remote rocket test facility at Magic Moun- 
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tain, Calif., 30 miles north of the firm’s Van Nuys 
plant. The test site consists of 640 acres of moun- 
tainous land leased from the U.S. Forestry 
Service and includes facilities for testing com- 
plete attitude control reaction rocket clusters and 
systems Marquardt is developing for the Lunar 
Excursion Module. Two stands at the new site 
will be used for testing cryogenic and other high- 
impulse liquid propellants. . . . Massachusetts 
Institute of Technology and AC Spark Plug have 
completed a laboratory in Downey, Caltf., for 
checking out and servicing Apollo guidance and 
naviation systems. The lab is on the premises of 
North American Aviation’s Space and Informa- 
tion System Div., where the three Apollo modules 
are being built and assembled and the subsystems 
installed. The Downey lab is first in a series of 
field facilities being established by the team of 
Apollo G&N developers to afford in-flight G&N 
systems. ... Whittaker Corp.’s Naramco Research 
and Development Div. has announced plans for 
construction of a new research facility in Re- 
search Park, San Diego, Calif. The new building 
will add 23,353 sq. ft. to existing Narmco research 
facilities and is expected to be ready for occu- 
pancy in February, 1965. Narmco is active in the 
fields of structures, components, devices and sub- 
systems in the technical areas of plastic and ce- 
ramic radomes, expandable structures for satellite 
components, and sea water conversion. 


Mergers and Acquisitions 


Crescent Engineering & Research Co., Glen- 
side, Pa., and El Monte, Calif., has acquired 
substantially all the assets and operations of 
Semiconductor Magnetics, Inc., a wholly owned 
subsidiary of National Astro Laboratories, Inc. 
of Pasadena, Calif. Crescent has been a supplier 
of transducers, signal conditioning equipment, 
proximity detectors, electromyographs, tonome- 
ters and chronaximeter stimulators for the mili- 
tary, aerospace, industrial and medical markets. 
With the SMI acquisition, Crescent will add to 
its products current regulators, voltage regula- 
tors, de-de converters, amplifiers, dec power sup- 
plies and voltage controlled oscillators. ... The 


Society for Nondestructive Testing has absorbed — 
the Infrared Techniques for Electronics Commit- 


tee. The merger will provide SNT’s Technical 
Council the capabilities necessary to delve into 
applications of infrared techniques to a wider 
scope of industrial activities. The function of 
ITEC has been to disseminate information con- 
cerning application of infrared techniques to elec- 
tronics equipment evaluation and testing. ...The 
Benrus Watch Co., Inc., New York City, has pur- 
chased the assets of Rapromatic, Inc., Syosset, 
N.Y., manufacturers of rapid film developing 
equipment for use in instrument recording. Pur- 
chase is said to be in line with Benrus expansion 
aims in the field of electronic instrumentation... . 
Federal-Mogul-Bower Bearings, Inc., of Detroit 
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Corp., Chicago, has acquired Planet Instrument, 
Inc., Ft. Wayne, Ind., which will be operated as a 
separate manufacturing subsidiary of Sunbeam 
Electronics, Ft. Lauderdale, Fla. Planet Instru- 
ment manufactures miniature precision mecha- 
nisms such as speed reducers, servo assemblies 
and ultra-precision gearheads. Sunbeam Electron- 
ics’ president C. I. Rice said there are no plans to 
move Planet from Ft. Wayne. He added that Plan- 
et’s products will be handled by the component 
division of Sunbeam. .. . Military & Computer 
Electronics Corp., Ft. Lauderdale, Fla., has con- 
verted a $300,000 debenture against the company 
to unissued stock. Irving J. Johnson, president 
of the electrontes firm, said the transfer will per- 
mit the company to accelerate expansion needed 
to design and manufacture several product lines 
for commercial and industrial markets. Until re- 
cently, the firm has been principally engaged in 
designing, developing and manufacturing a line 
of high reliability, miniaturized electromagnetic 
components for the defense and aerospace fields. 


Standardized Computer Language Urged 


RCA chairman David Sarnoff told an audience 
at the Fall Joint Computer Conference in San 
Francisco last week that the American computer 
industry is functioning in a “technical Tower of 
Babel” that threatens its future growth. He said 
needless duplication, delay and waste has resulted 
from the absence of a commonly understood and 
accepted language between both computers and 
their operators. Sarnoff cited the existence of 
what he termed a conservative count of more than 
1,000 programming languages, many with numer- 
ous dialects. Whether the computer industry re- 
alizes its full growth potential, he said ‘depends 
in very large degree on the measures we under- 
take now to establish the basis for orderly de- 
velopment.” 


New Activities 


Beech Aircraft Corp. has conferred full divi- 
sion status on its missile engineering program. 
The new Missile Systems Div. will perform R&D 
and production work on such programs as AADS- 
70 and the AQM-87A target missile. . . . Beck- 
man Instruments, Inc., has formed a new unit, 
the Physiological Measurements Group, to de- 
velop new physiological instruments and systems 
for hospitals, clinics and biological research... . 
Raytheon Co. has formed a new Components Div., 
composed of the company’s former Industrial 
Components, Machlett Laboratories, and Semi- 
conductor divisions. Facilities involved in the 
consolidation are the Industrial Components 
plants at Newton and Quincy, Mass.; Machlett 
Laboratories’ plants at Springdale and Stamford, 
Conn.; Penta Laboratories’ plant at Santa Bar- 
bara, Calif.; and the Semiconductor operations 
at Mountain View, Calif. 
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—contracts and procurements 


AWARDS 


AIR FORCE 


$34,500,000—General Telephone and Electronics 
Corp., Sylvania Electric Products (subsidiary), 
New York City, to produce a command and 
control system for 150 Minuteman missiles 
and 15 underground launch centers in eastern 
North Dakota. 


$2,668,819—North American Aviation, Inc., Ana- 
heim, Calif., for repair of Hound Dog air-to- 
ground missiles. 

$1,000,000—North American Aviation, Inc., Can- 
oga Park, Calif., for continued production of 
Atlas rocket engines. 


$1,000,000—Avco Corp., Everett, Mass., for radia- 
tion research. 


$347,000—Cook Electric Co., Tech-Center Div., 
Morton Grove, Ill., for the production of 
electrical drive systems designed and devel- 
oped for radar installations. 


$268,000—Fairchild Hiller Corp., Data Systems 
Engineering Group, Washington, D.C., for 
delivery of two MOBILAB vehicles. MOBILAB 
is a self-propelled rapid photo processing lab- 
oratory designed to process aerial recon- 
naissance film. 


$252,250—General Electric Co., Heavy Military 
Electronics Dept., Syracuse, N.Y., for classi- 
fied test for BMEWS. 


$241,246—Itek Corp., Lexington, Mass., for the 
production of 12 small, lightweight aerial 
camera systems and associated equipment. 


$117,150—North American Aviation, Inc., Space 
and Information Systems Div., Downey, Calif., 
for research on stability and transition of 
laminar boundary layer. 


$114,920—Princeton University, Princeton, N.J., 
for research on propellant rocket motor com- 
bustion processes. 


$54,865—TRW/Space Technology Lahs, Redondo 
Beach, Calif., for exploratory development 
program to demonstrate the feasibility of 
utilizing the energy of decay of an alpha 
emitting radio-isotope as a heat source in a 
direct cycle space thrustor which utilizes hy- 
drogen as a propellant. 


$36,452—Northeastern University, 
mechanical design and payload 
of two sounding rockets. 


$34,882—Hugbes Aircraft Co., Hughes Research 
Labs Div., Malibu, Calif., to investigate dis- 
persion effects in laser amplifier. 


International Telephone and Telegraph Corp., 
Kellogg Communications Systems (subsidiary), 
Chicago, to provide continued maintenance 
and operation services for space communica- 
tions at Vandenberg AFB, Calif. (amount 
undisclosed). 


Cornell Aeronautical Laboratory, Buffalo, N.Y., 
to study the feasibility of applying radar cor- 
relation interferometer techniques to satellite 
observation for project TERF, an Advanced 
Research Projects Agency undertaking. 


Ralph M. Parsons Co., Los Angeles, to provide 
the architect-engineering services necessary to 
develop engineering specifications and final 
design of another squadron of Minuteman 
ICBM’s and their site. 


Boston, for 
integration 


ARMY 
$5,600,000—Pbilco Corp., Aeronutronic Div., 
Santa Ana, Calif., for work on Shillelagh 


missile system. 
$3,900,000—General Dynamics Corp., Pomona, 
Calif., for engineering services in connection 
with Redeye anti-aircraft missile system. 
$1,400,000—General Dynamics Corp., Pomona, 
Calif., for continued work on Redeye missile. 
$950,000—Western Electric Co., Inc., New York 
City, for engineering design, modification and 
servicing missile ground guidance equipment. 
$75,000—Thiokol Chemical Corp., Redstone Div., 
Huntsville, Ala., for engineering design and 
manufacture of components in support of 
liquid propellant R&D program. 
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$65,958—Raytheon Co., Lexington, Mass., to study 
ways to predict new infrared laser materials 
suitable for night viewing use. 

$35,192—Cornell Aeronautical Lah., Inc., Buffalo, 
N.Y., for transonic wind tunnel tests in sup- 
port of MAW-Zuni project. 

$25,455—Emerson Electric Co., St. Louis, for 
telemetry system components for incorporating 


in rocket vehicle system under development. 


$24,683—Geophysics Corp. of America, Bedford, 
Mass., for three-month study to analyze the 
use of infrared scanning sensors applicable to 
Nike-X missile system. 


Lear Siegler, Inc., Astronics Div., Santa Monica, 
Calif., to provide five engineering development 
models of a yaw damper and heading control 
system for the UH-1B Iroquois helicopter. 
The system was developed to increase the heli- 
copter’s directional stability while aiming, 
firing and guiding various weapon systems, 
including air-to-surface missiles (amount un- 
disclosed). 


NAVY 


$3,087,236—Lockheed Aircraft Co., Sunnyvale, 
Calif., to repair Polaris missile equipment. 

$2,072,000—Fairchild Camera and Instrument 
Corp., Du Mont Laboratories Div., Clifton, 
N.J., for the production of television equip- 
ment to operate in conjunction with the Terrier 
missile system. 

$1,700,000—International Telephone and _ Tele- 
graph Corp., Data and Information Systems 
Div., Paramus, N.J., to provide computer pro- 
gramming services to the Fleet Computer Pro- 
gramming Center in Dam Neck, Va. 


$617,199—Chromeraft Corp., St. Louis, for rocket 
launchers. 


$332,291—General Electric Co., Washington D.C., 
for manufacture of guidance test equipment 
for United Kingdom. 


$253,255—Booz, Allen and Hamilton, Inc., Chi- 
cago, for technical management study to de- 
termine in-house capability, capacity and 
utilization of Navy organization in support of 
Polaris weapons system, 


$245,156—General Electric Co., New York City, 
for Polaris fire-control and guidance-systems 
trainers. 

$149,345—U.S. Ruhber Co., Research Center, 
Wayne Township, N.J., to extend period of 
contract for R&D of improved insulators for 
rocket motors. 


$145,300—National Engineering and Science Co., 
Pasadena, Calif., for R&D study of charac- 
teristics and applications of novel configura- 
tion re-entry bodies. 

$144,873—Edwin A. Keeble Associates, Inc., 
Nashville, Tenn., for research and_ services, 
preparation of logistics information in support 
of maintenance and production of surface mis- 
sile system. 


$103,000—Westinghouse Electric Corp., Aerospace 
Div., Baltimore, for engineering services to 
support training installations, checkout, inter- 
face resolution, trouble-shooting and main- 
tenance for Polaris equipment. 


$71,974—Georgia Institute of Technology, Georgia 
Tech Research Institute, Atlanta, to extend 
contract for R&D on ceramic systems for use 
as structural components in hypersonic missile 
applications. 

$50,535—Aerojet-General Corp., Sacramento, 
Calif., for facilities in support of the con- 
tractor’s performance in the fleet ballistic mis- 
sile program. 


NASA 


$2,606,448—Hayes International Corp., Birming- 
ham, Ala., for electro-mechanical distribution 
panels. 

$2,500,000—Dynamics Corp. of America, Reeves 
Instrument Div., Garden City, N.Y., to build 
three radar tracking antenna systems for the 
Apolle program. 

$1,000,000—C-E-I-R Inc., Arlington, Va., for com- 
puter programming and related services over 
a three-year period. 
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$345,000—Cornell! Aeronautical Laboratory, Inc, 
Buffalo, N.Y., for a study of Apollo re-entry | 


conditions, particularly as they affect com- | 
munication blackout. 


$125,719—Serendiplty Associates, Sherman Oaks, | 
Calif., for study of crew functions and vehicle | 
habitability requirements for long-duration 
manned space flights. 


$43,000—Lockheed Missiles and Space Co., Palo 


Alto, Calif., for study of spacecraft on-board 
test and data-processing techniques. ; 


Tonac Chemical Co., Birmingham, N.J., to de- | 
velop a pocket-size emergency kit for space- 
men that will convert sea water into palatable 
drinking water. 

Battelle Memorial Institute, Columbus, Ohio, for 
a study of several different types of micro- 
electronic circuits available from industry un 
der conditions similar to those in the Van 
Allen radiation belt (amount undisclosed). 


NATIONAL SCIENCE FOUNDATION 


$83,000—Rice University, Houston, for a three- 
year study of the energy in thunder and its 
possible effect on the ionsphere. 


INDUSTRY 


$4,000,000—Honeywell, Inc., St. Petersburg, Fla., 
from North American Aylation, Inc., Canoga 
Park, Calif., accelerometers for Minuteman II 
missile guidance system. 


$2,400,000—Sperry Rand Corp., 
scope Co., Great Neck, N.Y., from The Boe- 


ing Co., Seattle, to design and produce the } 


inertial reference unit for the camera-carrying © 
Lunar Orbiter spacecraft. 


Sperry Gyro- | 


$1,937,200—Chicago Bridge & Iron Co., Atlanta, j 
from Catalytic Construction Co., Philadelphia, | 


for design, fabrication, installation, cleaning, 
and testing of cryogenics storage spheres to 
be used in support of the Apollo/Saturn V 
Taunch vehicle. 


$1,655,700—Union Carhide Corp., Linde Div., 
Indianapolis, from Catalytic Construction Co., 
Philadelphia, for the design, fabrication, in- 
staliation, cleaning and testing of all yacuum- 
jacketed piping necessary to transfer the 
liquid propellant from storage facilities to 
the Apollo/Saturn V launch vehicle. 


$1,150,000—Kaminer Construction Co., Chamblee, | 


Ga., from Catalytic Construction Co., Phila- 
delphia, for cross country gaseous piping sys- 
tem; pumps, vaporizers, compressors and desic- 
cant racks in the converter compressor facility 
with associated piping; and the installation of 
124 6,000-to-10,000 psig gaseous storage vessels _ 
to be used in storage vessels to be used in 

support of the Apollo/Saturn V launch vehicle. 


$1,000,000—Watkins-Johnson Co., Palo Alto, 
Calif., from ITT Federal Lahoratories, Nutley, 
N.J., for development and delivery of ad- 
vanced design broadband receiver systems. 


$675,000—Precision Instrument Co., Palo Alto, 
Calif., from Aerojet-General Corp., AETRON 
Div., El Monte, Calif., for instrumentation 
magnetic tape recorders for installation at 
NASA’s Mississippi Test Operation. 


International Telephone and Telegraph Corp., 
Federal Laboratories, Astrionics Center, San 
Fernando, Calif., from Collins Radio Co., 
Dallas, to develop special receivers for the 
Apollo Unified S-Band Tracking System that 
will link Earth to space vehicle (amount un- 
disclosed). 


REQUESTS FOR BIDS 
GENERAL PROCUREMENTS 


Purchasing Office 

George C. Marshall Space Flight Center 
National Aeronautics and Space Administration 
Huntsville, Ala. 35812 


A study of structural response to inflight 
acoustic environment. RFP issued 10/23/64, due — 
date is 30 days from issuance. RFQ _ 1-5-53-_ 
01081-01. 


jirectorate of R&D Procurement 
System Engineering Group 

Research and Technology Division 
Wright-Patterson AFB, Ohio 45433 


Negotiations will he conducted with Thiokol 
Chemical Corp., Denville, N.J., for research on 
slastomeric and complaint materials resistant to 
liquid rocket fuels and oxidizers. 


NASA Manned Spacecraft Center 
General Research Procurement Branch 
2101 Wehster-Seabrook Road 

Houston, Texas 77058 

Attn: Hilda Bolling 


Negotiations will he conducted with Dyna- 
tech Corp., Camhridge, Mass., for the develop- 
ment of a general method for the calculation of 
radiant interchange between  spacular-diffuse 
surfaces. For information only, RFP not availahle. 


Procurement Division 
Bldg. 4603 
Aherdeen Proving Ground, Maryland 


R&D program entitled “Research on Com- 
bustion of Solid Propellants’. RFQ-RD-APG-66- 
65: RFQ due date is Dec. 15, 1964. Requests will 
he honored on a first-come, first-served hasis and 
will not he honored after Dec. 1, 1964, 


George C. Marshall Space Flight Center 
Huntsville, Alahama 35812 


Study for improvement of instrumentation for 
analysis of particle contamination in liquid and 
air streams; negotiations will he conducted with 
ITT Research Institute, Chicago, for continuation 
of their contract. For information only, RFP not 
availahle. 


Directorate of R&D Procurement 
Systems Engineering Group (RTD) 
Wright-Patterson AFB, Ohio 45433 
Attn: SEKNA—RFP No. 18140-KNA 


Research and development for an investigation 
of the effects of ahlation product characteristics 
and thermal lags on re-entry vehicle dynamic 
Stahility. Request for RFP must he received hy 
Nov. 10. 


Directorate of R&D Procurement 
Systems Engineering Group 
Research and Technology Division 


You get the complete PERT system and, 
for the first time, a PERT technique show- 
Ing you how to predict and monitor profit 
on a continuing bi-weekly cycle. 


Chapter XI, “Profit PERT and Incentives,” 
brings you the Martin Company case his- 
tory showing how the Titan II] PERT-profit 


system works: In the words of Secretary 
of Defense Robert McNamara, “(Titan 111) 
is probably the best managed contract we 
have, and it is the best managed almost 
entirely because of the tremendous incen- 


FOR ALL 
‘LEVELS OF 
MANAGEMENT 


offered for the first time 


$2.75 
by B. J. HANSEN 


(member of the original 
Polaris-PERT Team) 


tive given to that contractor in the form 
of potential profit increases te hold his 
costs down.” 

PRACTICAL PERT tells how and when to 
meet contract obligations, how to keep 
programs on schedule, how to win highest 
incentive fees. PERT, developed for the na- 
tion’s defense programs, can be applied to 
management operations to monitor profit 
as well as cost, time and performance in 
the fields of construction, chemical proc- 
essing, manufacturing . . . and wherever 
complex systems are involved. 


PRACTICAL PERT contents 


| INTRODUCTION TO PERT VII WHAT IS NETWORKING 
il THE ABC'S OF PERT Vill REFINING THE NETWORK 
Ill PERT & TIME IX MEASURING MANAGEMENT RISK 
IV HOW PERT PLANS X PERT & COST 
V HOW PERT CONTROLS XI PERT COSTS & COMPUTERS 
Vi BUILDING PERT XI PROFIT PERT & INCENTIVES 
Xlll PERT DATA DISPLAY 


Wright-Patterson AFB, Ohio 45433 


Negotiations will he conducted with Control 
Data Corp., Minneapolis, for a research program 
for operational testing of the star occultation 
tecbnique ahoard a Gemini vehicle. For informa- 
tion only, RFP not availahle. 


Purchasing Officer 

George C. Marshall Space Flight Center 
Huntsville, Ala., 35812 

Attn: R. A. Parsley 


Negotiations will he conducted with Lockheed 
Aircraft Corp. for a study of modular nuclear 
vehicle design concepts, associated technological 
prohlems and nuclear safety systems. For in- 
formation only, RFP not availahle. 


AMERICA HOUSE 
1001 Vermont Avenue, N.W., Washington, D.C, 20005 


Aerospace Space Systems Div. 
Air Force Unit Post Office 
Los Angeles 45, Calif. 


Contract for research to perform a satellite 
protection system study to he negotiated with 
Radio Corp. of America, Moorestown, N.J. For 
information only, RFP not availahle. 


Send Me [] Copies of Practical Pert a Handling 


$3.00 


Bureau of Naval Weapons 
Washington, D.C. 


The Bureau of Naval Weapons intends to 
solicit proposals from the following: (1) Sperry 
Rand Corp., Sperry Gyroscope Co., Great Neck, 
N.Y. and (2) Honeywell, Inc., St. Petershurg, 
Fla. for MK 1 MOD 0 pendulous integrating 
pendulum for Polaris guidance systems. This 
notice is made solely to inform potential suh- 
contractors of the proposed procurement. It is 
suggested that small husiness firms or others in- 
terested in suhcontracting opportunities in con- 
nection with the described procurement, make 
direct contact with the firms listed. 
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—rhames in the news 


STO80 TAYLOR 


John G. Stobo: To head the new com- 
ponents division of Raytheon Company, in 
Newton and Quincy, Mass.; Springdale and 
Stamford, Conn.; Santa Barbara and 
Mountain View, Calif. Other new officers 
are Robert L. McCormack, vice president 
and assistant general manager for Indus- 
trial Components; Joseph W. Skehan, as- 
sistant general manager for Machlett Lab- 
oratories; and Clyde R. Rockwood, as- 
sistant general manager for Semiconductor 
Div. 


Richard G. Bauman: Named director, 
product development, at The B. F. Good- 
rich Company’s Research Center, Brecks- 
ville, Ohio. 


J. G. Adiletta: Named President of 
Pallflex Products Corp., Putnam, Conn., a 
subsidiary of Pall Corp. 


Theodore B. Taylor: Appointed deputy 
director, scientific, of the Defense Atomic 
Support Agency (DASA). He was formerly 
with General Dynamics Corp. He will be 
principal assistant to the director in the 
field of nuclear weapons effects research 
and tests. 


L. I. “Russ” Medlock: Named reliabil- 
ity control manager for the Centaur space 
vehicle at General Dynamics/ Astronautics, 
San Diego, Calif. He was formerly quality 
control specialist for experimental aircraft. 


William R. Mandaro: Appointed manu- 
facturing manager for the nuclear fuel 
section of the SYLCOR Division of Syl- 
vania Electric Products, Inc.. New York 
City. 


William Gingras: Named director of 
engineering for Documentation Inc., 
Bethesda, Md. He will be responsible for 
establishment, design and development of 
hardware products and the automation of 
documentation production technique. 


E. Lioyd Jones: Appointed assistant 
sales manager for Eldon Fiberglass Manu- 
facturing Co., Compton, Calif. 


John J. Pawlak: Appointed technical 
service engineer at Barrett Chemical Prod- 
ucts Div., Allied Research Products, Inc., 
Chicago. He will provide assistance in 
special applications. 


Edward W. Petrillo: Named manager 
of RCA Missile Test Project’s newly 
formed “signature operations.” In this ca- 


SCHLITT 


PETRILLO 


pacity, Petrillo will be responsible for all | 


RCA activities associated with ships re- 


entry measurement programs conducted 


on the Eastern Test Range. 


Dause L. Bibby: Named president of | 
Stromberg-Carlson division of General | 


Dynamics Corp., New York City. He was 
formerly a vice president of Sperry Rand 
Corp. 


Omer J. Ruiz: Named contracts man- 
ager of the Washington, D.C., office of 
Aerojet-General Corp. He will represent 
the company in various negotiations with 
government agencies. 


Helmut W. E. Schlitt: Appointed vice 
president of new product technology for 
the guidance and control systems division 


of Litton Industries, Santa Monica, Calif. — 


He will be responsible for program plan- 
ning and direction of the division’s marine 
systems group and space sciences labora- 
tory. 


Erle M. Constable: Advanced to the | 


presidency of Lockheed Aircraft Inter- 


national, Inc., Los Angeles. He was for- | 


merly vice president of a Lockheed sub- 
sidiary. 


William B. Rieke: Appointed deputy | 


associate administrator of the National 
Aeronautics & Space 


dent of Lockheed Aircraft International, 
Inc. 


William F. Brandt: Appointed contract 
administrator at [TT Federal Laboratories, 
San Fernando, Calif. He will be respon- 
sible for all contractual administration ac- 
tivities, proposal coordination and presen- 
tation, and program control at the labor- 
atories. 


Ernest E. Sechler: Elected to the board 
of H. I. Thompson Fiber Glass Co., Gar- 
dena, Calif. He is professor of aeronautics 
at California Institute of Technology and 
member and past chairman of the research 
advisory committee for missile and space- 
craft structures at NASA. 


Robert S. Bradford: Promoted to tech- 
nical director of 3M Company’s Mincom 
Division, Camarillo, Calif. 


Administration, | 
Washington, D.C. He was formerly presi- | 


Donald D. Scarff: Elected a vice presi- _ 
dent of the General Electric Co., New . 


York City. He is also general manager of | 


GE’s lamp division. 
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—when and where 


NOVEMBER 


1964 Northeast Electronics Research and 
Engineering Meeting, Somerset Hotel, 
Boston, Nov. 4-6. 


19th Annual Meeting of the Armed Forces 
Chemical Association, Mayflower 
Hotel, Washington, D.C., Nov. 4-6. 


Joint Meeting of the U.S. Army Materiel 
Command and the Institute of En- 
vironmental Sciences, Aberdeen Prov- 
ing Ground, Md., Nov. 5-6. 


Modern Theories of Adhesion and Their 
Applications, sponsored by the Amer- 
ican Chemical Society and the Uni- 
versity of Southern California, Olin 
Hall Auditorium, USC, Los Angeles, 
Nov. 6. 


Reinforced Plastics—Principles & Applica- 
tions, a short course at the University 
of California at Los Angeles, Nov. 9- 
20. 


Symposium on Optical and Electro-Optical 
Information Processing Technology, 
sponsored by ONR, IEEE—Profes- 
sional Technical Group on Electronic 
Computers, Optical Society of Amer- 
ica, and The Greater Boston Chapter 
of the Association for Computing Ma- 
chinery, Somerset Hotel, Boston, Nov. 
9-10. 


Instrumentation in Hazardous Areas, a 
course sponsored by the Instrument 
Society of America, Du Pont Country 
Club, Wilmington, Del., Nov. 11-13. 


Management Guide to Numerical Control, 
a seminar sponsored by the Numerical 
Control Society, The Summit Hotel, 
New York City, Nov. 12-13. 


Third International Symposium on Bio- 
astronautics and the Exploration of 
Space, sponsored by the Aerospace 
Medical Div., Air Force Systems Com- 
mand, Brooks AFB, Tex., Nov. 16-18. 


Conference on Ground Testing in Simu- 
lated Space Environment, sponsored by 
the AIAA, Huntington-Sheraton Hotel 
Pasadena, Calif., Nov. 16-18. 


Annual Meeting of the Association of the 
U.S. Army, Sheraton Park Hotel, Wash- 
ington, D.C., Nov. 16-18. 


Tenth Conference on Magnetism and 
Magnetic Materials, sponsored by the 
IEEE and the American Institute of 
Physics, Minneapolis, Minn., Nov. 16- 
19. 


Symposium on Microelectronics and Large 
Systems, sponsored by the Office of 
Naval Research and the Univac Div. of 
Sperry Rand Corp., Dept. of Interior 
Auditorium, Washington, D.C., Nov. 
17-18. 


Meeting of the Aerospace Research Appli- 
cations Center, Indiana Memorial 
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Union Building, Indiana University, 
Bloomington, Nov. 17-18. 


Tenth Anniversary Tri-Service Confer- 
ence on Electromagnetic Compatibility, 
sponsored by IIT Research Institute, 
Museum of Science and Industry, Chi- 
cago, Nov. 17-19. 


Seventh Hypervelocity Impact Symposium, 
sponsored by the Army, Navy, and 
Air Force (Secret Clearance and need- 
to-know certification required for at- 
tendance), Tampa, Fla., Nov. 17-19. 


Manned Orbital Laboratory Progress Re- 
port, sponsored by the American As- 
tronautical Society, Kresge Audi- 
torium, Massachusetts Institute of 
Technology, Cambridge, Nov. 18-19. 


Northeastern States Navy Research and 
Development Clinic, sponsored by The 
Franklin Institute, Phileo Corp., Tem- 
ple University, the University of Penn- 
sylvania, the Office of Naval Material, 
and the National Security Industrial 
Association, and others, Philadelphia, 
Nov. 18-20. 


Sixteerth Annual MAECON Technical 
Meeting, Continental Hotel, Kansas 
City, Mo., Nov. 23-24. 


Winter Annual Meeting of the American 
Society of Mechanical Engineers, 
Statler Hilton Hotel, New York City, 
Nov. 29-Dec. 4. 


Seventh Annual Army Aviation Contract 
Services Symposium, sponsored by the 
National Aerospace Services Assoc., 
International Inn, Washington, D.C., 
Nov. 30. 


Instrument Society of America One-Week 
Short Course on Gas Chromatography, 
Carnegie Institute of Technology, Pitts- 
burgh, Nov. 30-Dec. 4. 


Joint Meeting of the American Nuclear 
Society and Atom Fair, Hilton and St. 
Francis Hotels, San Francisco, Nov. 
30-Dec. 3. 


DECEMBER 


“A Look Into the Future for Engineers 
and Management,” a conference spon- 
sored by the National Society of Pro- 
fessional Engineers and the Michigan 
Society of Professional Engineers, 
Statler Hilton Hotel, Detroit, Nov. 4-5. 


57th Annual Meeting of the American In- 
stitute of Chemical Engineers, Statler 
Hilton Hotel, Boston, Dec. 6-10. 


Third Conference on Performance of 
High Temperature Systems, Hunting- 
ton-Sheraton Hotel, Pasadena, Calif., 
Dec. 7-9. 


Third Annual Western Contamination Con- 
trol Congress, sponsored by the West- 
ern Regional Chapter of the American 
Association for Contamination Con- 
trol, Lafayette Hotel, Long Beach, 
Calif., Dec. 9-11. 
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editorial... 


Et Tu, Brute 


HE STORM over Secretary of Defense McNa- 

mara’s new standard of conduct code—now 
known as the “no-free-lunch” directive—continues. 
Nothing that has been said in its defense by Mr. 
McNamara or his associates has softened the in- 
sulting tone of the document. 

The Secretary, in fact, has put forward an in- 
teresting new fiscal doctrine in attempting to find 
ground on which to defend the amended directive. 
He told a press conference that company entertain- 
ment expenses, even though they come out of profits, 
ultimately are passed on to the taxpayer in the form 
of business expense deductions. 

This staggering rejection of a company’s right to 
spend its own funds as it sees fit sheds interesting 
light on Mr. McNamara’s view of the defense in- 
dustry as his own captive production organization 
which he can treat as he pleases. But as a defense 
of the new conduct directive, it adds nothing but a 
further absurdity. 

Mr. McNamara apparently believes he can de- 
termine proper business deductions for the defense 
industry far better than can the Internal Revenue 
Service, in which this responsibility was presumed 
to lie. Any defense of the new DOD directive on 
moral grounds is weak enough. To attempt to further 
support it as a device intended to save the taxpayer 
money reduces the whole thing to a degrading level. 

The Dept. of Defense, which apparently sees 
nothing morally debatable in telling the press one 
thing one week and something else the next week, 
also has reversed itself to reveal that there have been 
actual instances of questionable conduct which led 
to the change. 

Earlier, you will recall, Mr. Norman Paul, Assist- 
ant Secretary of Defense for Manpower, in announc- 
ing the new code flatly stated that the amendment 
was not due to misconduct on the part of either DOD 
or industry personnel. The change, he said, had been 
under study for months and there was “no specific 
instance which brought this thing about.” 

Now, with the directive under fire, Deputy De- 
fense Secretary Cyrus Vance tells us that, in fact, 
several cases of alleged irregularities have been 
under investigation. 

We do not intend to comment here on the 
ethics of DOD's various efforts to justify its decision 
—either by citing it as a saving to taxpayers or by 
bringing to light offenses which it previously said did 
not exist. But we do wish to point out, as has Air 
Force Association President Jess Larson, the lack of 
wisdom in tarring the entire defense establishment 
and its industrial partner with a brush meant for a 
guilty few. 

Yet, Mr. McNamara has found it necessary to 
publicly insult the defense industry and the members 
of his own establishment in a directive drawing con- 
siderable attention in the foreign press as well as at 
home. 

The decision is questionable in its wisdom and 
vicious in its implication. 

The absurd length to which the situation has been 


forced is apparent in the plans of the American 
Ordnance Association for its December dinner in 
New York, at which Chief of Naval Operations Adm. 
David D. McDonald will be guest speaker. Since the 
no-free-lunch code specifically exempts trade associa- 
tions, AOA has openly asked industry members to 
submit names of government guests they would like 
invited. To meet the added expense, AOA has raised 
the price of dinner seats from $25 to $40. Last year, 
if a company purchased a table for 10 with seats for 
six of its own people and four Pentagon guests, the 
cost was $250. This year, the company will pay $240 
for the same table of six company people and four 
non-paying AOA Pentagon guests. 

Despite the $10 per table saving which Mr. 
McNamara may want to claim for the taxpayer, 
this at best smacks of gamesmanship—how to win 
without actually cheating. AOA, which along with 
AFA has protested directly to the Defense Secretary 
about the new directive, can hardly be blamed for 
an attempt to find a way around its absurd intent. 
But if Mr. McNamara has the strength of his convic- 
tions, he will denounce this device and ban the attend- 
ance of Pentagon guests. Since their names were sub- 
mitted by industry firms, it follows that under the 
standards of the directive, they must be regarded in 
the first rank of suspects. Mr. McNamara could, of 
course, take the other tack and insist that all those to 
attend pay for their own dinners—but that might be a 
little hard to explain to the taxpayers in the event they 
all submitted $40 expense items. To say nothing of 
AOA’s confusion in trying to explain a $40 dinner 
when its guests were paying their own way. The fur- 
ther one goes into the situation, the more ridiculous 
the regulation becomes. 


UT WE MUST SAY we admire the action of 

Army Secretary Stephen Ailes in making the 
code effective immediately—without waiting for the 
Nov. 24 deadline set by DOD. This delay obviously 
was built in to benefit the Association of the United 
States Army, which was well along with plans for its 
Nov. 16-18 convention. The courage of Mr. Ailes 
in rejecting this seedy effort to soften the blow con- 
trasts brightly with the strange morality of Mr. Mc- 
Namara in setting a deadline at which corruption 
must cease. Presumably, anyone who wants to buy a 
DOD official with a tieclasp or a lunch is free to do 
it until Nov. 24. (Thanksgiving turkeys gratefully 
accepted, but must be postmarked prior’ to midnight 
Nov. 23.) 

The nauseating idea that ethical standards of con- 
duct can be given a deadline is an unsavory but not 
surprising one to discover in the philosophy that has 
led to this unwholesome mess. 

There is no quarrel with Mr. McNamara’s press 
conference contention that DOD employees must be 
“as pure as Caesar’s wife.” But then she didn’t have 
Mr. McNamara to spread stories about her. 


William J. Coughlin 
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This new Apollo fuel cell 


This Powercel is one of the Pratt & | produce output greater than other 
Whitney Aircraft prototype fuel cells* | fuel cell systems delivered. They are 
recently delivered to North American | up to 15 percent more efficient than 

| Aviation. Generating 2,000 watts, it | other fuel cells, at least 75 per cent 
will supply NASA's Apollo spacecraft | more efficient than conventional 
with its on-board electrical needs. power sources. Future Powercel ap- 

Pratt & Whitney Aircraft Powercels | plications include propulsive power 


wave 


generates 2000 waits 


for underwater craft and land-based 
vehicles, and electrical power for sta- 
tionary and mobile generating units. 
In fuel cells, in other new forms of 
power, you can rely on practical solu- 
tions from Pratt & Whitney Aircraft. 
*developed for NASA’s Manned Spacecraft Center 
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Hybrid Firing at UTC-Coyote 


EW 


INSTRUMENTATION TELEVISION CAMERA 


OPERATES IN EXTREME ENVIRONMENTS 


The ED 6038 miniaturized instrumentation televi- 
sion camera was designed by General Electrodynamics 
Corporation to operate in the extreme environment 
existing within the engine compartment of the largest 
space boosters, such as Saturn. The high quality 
pictures produced during this severe environment 
will provide direct, real-time observation of events 
while they are happening. 


This compact, light weight camera is available in a 
number of configurations with a wide selection of 
accessories from General Electrodynamics. 


ENVIRONMEN 
20g RMS 

60g RMS for 5 
20 cps — 2000 


Shock: 100g for 11 ms 


Altitude: Space 


Acoustical Noise: +-175 db 
Temperature: —10°C to +71°C 
operating 
—10°C to +125°C 
non-operating 


Explosion Proof 


TAL CHARACTERISTICS: 


sec 
cps random 


environment 


GENERAL ELECTRODYNAMICS CORPORATION 


>< C 4430 FOREST LANE © GARLAND, TEXAS e 
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How to heep the upper hand... underground 


bout Minuteman ICBMs: . 


Production 


In a plant near Ogden, 
Utah, Boeing assembles 
Minuteman missiles for 
the U. S. Air Force. More 
than 700 (all on or ahead 
of schedule) have al- 
ready been delivered to 
launch or test sites. Ina 
recent 120-day period, 
Boeing delivered a com- 
plete 150-missile wing 
to the Air Force. 


Testing 


Boeing crews have 
launched, or assisted the 
Air Force in launching, 
more than 50 Minute- 
man missiles from Cape 
Kennedy or Vandenberg 
AFB. In addition to de- 
veloping launch proce- 
dures and maintenance 
techniques for Air Force 
crews, Boeing provides 
training equipment and 
technical assistance. 


Integration 


As weapon system inte- 
grator, Boeing installs 
the missiles at oper- 
ational sites and as- 
sembles the complete 
weapon system for de- 
livery to Air Force. Work 
involves command and 
control equipment, com- 
munications networks, 
security installations 
and underground quar- 
ters for Strategic Air 
Command crews. 


Minuteman IT 


First firing of advanced 
Minuteman J! was per- 
fect, from launch at 
Cape Kennedy to direct 
hit in splash net near 
Ascension Island. A con- 
tinuing improvement 
program has achieved 
heavier payload, greater 
accuracy and increased 
range. 


Copabitty has mony faces at BOEIMMTG 


Space Technology » Missiles » Military Aircraft. Systems + 707, 720 and 
727 Jetliners » Systems Management » Helicopters » Marine Vehicles 
¢ Gas Turbine Engines « Also, Boeing Scientific Research Laboratories 


ENGINEERS 
PHYSICISTS 


Buses 


SYSTEMS 
EVALUATION 


The Applied Physics Laboratory, 
The Johns Hopkins University, lias 
several immediate openings for 
qualified engineers and pliysicists to 
participate in pre- and post-patrol 
evaluation of the Polaris weapon 
system, Working in close associa- 
tion with Naval operational per- 
sonnel, APL staff members develop 
test objectives, establish test pro- 
cedures, and monitor tests at Cape 
Kennedy and aboard submarines. 
Particular empliasis is placed on 
the analysis of test data and the 
development of recommendations 
for improvements in system and 
sub-system performance. New staff 
members are normally assigned to 
a sub-system area, such as Missile, 
Fire Control, Navigation, or 
Launcher, with later opportunities 
for broader system assigninents 
based on experience and knowledge. 
A degree in physics or electronic 
engineering and experience in one 
of the above areas are preferred. 


The Applied Physics Laboratory's 
location in suburban Washington, 
D.C., gives you a clioice of city, 
suburban, or country living. The 
area offers many benefits including 
excellent residential areas, com- 
plete service and recreational facili- 
ties, and good public and private 
schools. There are seven universi- 
ties at which staff members can 
continue their education with APL 
financial support. 


Direct your inquiry to: 


Mr, W. S. Kirby 
Professional Staffing 


Applied Physics Laboratory 
The Johns Hopkins University 


8643 Georgia Avenue 
Silver Spring, Maryland 
(Suburb of Washington, D.C.) 


An equal opportunity employer 
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230-Mc Band Far from Dead 


To the Editor: 


There was an excellent article in the 
Sept. 28 M/R (“Miniature S-Band Units 
Developed,” p. 33) that described a new 
S-Band 
tured by Conic Corporation. 

Unfortunately, the writer repeated 
some misinformation that has recently 
been circulating in the telemetering field, 
to wit: “With missile and space telemetry 
slated to move to S-band in 1967 .. .” 
This gives the erroneous impression that 
after 1967 guided missiles and space 
rockets will no longer be permitted to use 
the 230-Mc band for radio telemetry. Other 
equally unfounded rumors put the cut-off 
date at 1970. Actually, neither of these 
stories is true, and there is no cut-off date 
for telemetry use of the 230-Mc band. The 
government has stated its intention to con- 
tinue to allocate telemetry channels in the 
230-Mc band after 1970. 

I think you could perform a very good 
service by permitting your readers to know 
of the continued use of the 230-Mc band 
for telemetering. This is important because 
of the costly planning and procurement 
that would be required by the different sys- 
tem performance caused by the difference 
of propagation of microwaves vs. VHF 
signals. 


Albert Rolande 
Melbourne, Fla. 


X-15’s Base 


To the Editor: 


In your “Shots of the Week” section 
in the issues of Sept. 14 and Oct. 5 you 
Stated that the X-J5 flights of Sept 3, 28 
and 30 occurred at Vandenberg AFB, 
Calif. This is an error, since everyone 
knows that the X-J5 program has only 
been conducted from Edwards AFB, Calif. 


Victor H. Sternberg 
Captain, USAF 
Lompoc, Calif. 
Everyone, including us. It must lave 
been gremlins —Ed. 


British Aerospace 


To the Editor: 


I feel that your editorial “Farnborough 
Revisited” (M/R, Sept. 14) is rather un- 
necessarily hard on the British aerospace 
iindustry. Although I am not myself in 
direct contact with the above industry, 
and my information may thus be a little 
dated, I feel that I might argue with you 
on a number of points. 

Firstly, I see that you do not mention 
our antiaircraft missile—B/oodhound—at 
all, although this is the backbone of our 
long-range air-defence system. I am in- 
formed that the radar of this missile is 
second only in power to that of your own 
Multifunction Array Radar, as intended 
for Nike-X. Coupled with alternative nu- 
| clear or HE warheads, surely this makes 


telemetry transmitter manufac- 


I recall that it is generally accepted, in 
this country at least, that the combination 
of the Lightning F3 and the Red Top 
collision-course missile is one of the most 
effective weapons systems in the world. 


I remind you of the occasion when, a few 


years ago, contrary to an American boast, 


- an early mark of Lightning had no diffi- 


culty in sitting on the tail of a U-2 at 
10,000 ft., only a few minutes after take- 
off. 

I remind you also that we have had a 
very effective antitank missile—Vigilant— 
in service for some years, whereas your 
own antitank missiles are not yet opera- 
tional. 

I feel also that your remark about Rolls 
Royce leaning heavily on NAA in making 
the RZ2 engines needs to be qualified. A 
few weeks ago, I visited the Ministry of 
Aviation Rocket Propulsion Establishment, 
where much of the early development work 
on the RZ2 was carried out. While there, 
I was informed that as far as the RZ2 was 
concerned, the original idea was for NAA 
to supply about 90% of the know-how, and 
for Rolls Royce to fill in the remaining 
10%, whereas in fact the reverse had hap- 
pened, and Rolls Royce had supplied about 
90% of the required technology. If this is 
true, then Rolls Royce was hardly leaning 
heavily upon NAA. 

I feel also that I should contend your 
statement that Blue Streak compares un- 
favorably with Thor. In the first place, 
Blue Streak has about 134 times the thrust 
of Thor, and also, in the present design 
of the ELDO booster using Blue Streak as 
its first stage, the design allows for 2,500 
lbs. to be put into low orbit. With the use 
of an LH; upper stage, this would rise to 
about 5,000 lbs. in low orbit. This com- 
pares with Thor-Delta’s capability of about 
1,000 lbs., and Thor-A gena’s 1,600 lbs. in 
low Earth orbit. Hardly a comparison det- 
rimental to Blue Streak, which would ap- 
pear to be somewhere between Atlas and 
Thor in payload capability. 

Although I agree with you that Britain 
has not got the funds available to indulge 
in a vigorous missile/space programme, it 
occurs to me that when we do decide to 
go ahead with a project, we generally make 
a good job of it. Witness a few recent 
British inventions: 

Radar, steam catapult and angled deck 
(on aircraft carriers), small surface-to-air 
and air-to-surface rockets (World War II), 
and a useful part of the first atom bomb 
(for better or worse). 

Nigel Barak 
Marlborough, Wilts. 
England 


The Gauntlet 


To the Editor: 


Many cheers (and, I hope, Congres- 
sional eyes) on your excellent editorial 
“The Gauntlet” in the Oct. 10 M/R. Your 
editorials are always superior. 


Steve Reed 


' Bloodhound an effective weapon? Port Hueneme, Calif. 
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this canister comes “instant glider 


Packed in a 33-inch canister, the paraglider is National Aeronautics and Space Administration by 
carried into space by a rocket. At about 300,000  3B.F.Goodrich in conjunction with Space-General 
feet, it is released and the inflation sequence begins. Corporation, the prime contractor. A Space-General 

When inflated to its full size, (18-foot wing- | Aerobee 150 rocket furnishes propulsion. The proj- 
spread, 14-foot length) the paraglider ascends to _—_ ect is managed by NASA Langley Research Center, 
600,000 feet before it begins its descent. Instrumen- Hampton, Va., under the over-all direction of NASA’s 
tation will yield data on micrometeoroid behavior. Office of Advanced Research and Technology. 

To produce this vehicle, BFG engineers developed The paraglider is just the latest example of 
a special high temperature fabric lamination for B.F.Goodrich know-how in inflatable products: 
the inflatable frame. Made of glass fiber coated Tires, De-Icers, Shock Attenuator Systems, Pres- 
with silicone resin, it is designed to with- sure Suits. If you have similar require- 
stand temperatures up to 1150°F for , te ments, check with Department MR-11, 
about 20 seconds. Membranes or “‘sails” aReiebw(HIW, BF. Goodrich Aerospace and Defense 
are attached to the inflated tubes. Products, u division of The B.F Goodrich 
The paraglider was produced for the aerospace &defenseproducts Co.,500 S. Main St., Akron, Ohio 44318. 
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*with every stroke of every pen 


Dynograph’® pressurized ink-rectilinear recorder 


Better Readability... The completely new pressurized ink system is 
controlled by a pump that maintains an unvarying pressure at all times 
while the instrument is in operation. This means that the tracing will re- 
tain its high resolution characteristics, regardless of variations in paper 
speed or signal frequency...never any skipping, or broadening of the 
line. 

Locked-in Accuracy ...Servo-control feed-back from the pen tip con- 
stantly matches the pen position to the input signal...for unsurpassed 
recording accuracy. 

Absolute Time Base...All the pen tips are constrained to the same 
straight line by the slide-wire assembly...in effect a “straight edge”’ 


guarantee that completely valid time comparisons can be made between 
any or all channels. 


Reliability...The all solid-state circuitry in the Dynograph recorder 
has been proven in the field for over seven years. In the event that 
problems do arise, the plug-in” construction expedites service to min- 
imize downtime. 

Versatility...A multitude of inexpensive input couplers allow the con- 
ditioning of virtually any type of signal, making unnecessary the pur- 
chase of expensive special-purpose amplifier systems. 
Interested?...Check the specification box, then contact your local 
Offner sales engineering representative, or write for Data File S645. 
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SPECIFICATIONS 

Number of Channels 1-8 standard 

Sensitivity with preamp, 1 wv/mm 

to5v/mm. 

without preamp, 1 mv/mm 

to5v/mm. 

Frequency Response DC to 150 cps 

Linearity +0.25%, or less 
Drift 


1 mm/hr 

1 megohm DC; 

1 megohm shunted by 
1,000 p.f. or less AC. 
230 watts, 

maximum (8 channels) 
Input Couplers 28 standard, plus specials 


Input Impedance 


Power Required 


[=X=Yod-4 pata INSTRUMENTS, INC. 


OFFNER DIVISION 


Schiller Park, Illinois 


International Subsidiaries: Geneva, Switzerland, Munich, Germany; Glenrothes, Scottand 
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The Countdown 


WASHINGTON 


Pershing Battalion Increase Studied 


An increase in the number of Pershing battalions now 
programmed is under consideration in the Dept. of De- 
fense. Army officials would like more of the field army mis- 
siles—particularly in view of the large numbers of Soviet 
surface-to-surface battlefield missiles. No decision has yet 
been made. Pershing production is being stretched out, how- 
ever, to leave this option open. 


Mariner Experiment Seen as Marginal 


Measurement of scale height and pressure of the Martian 
atmosphere by the Mariner C occultation experiment could 
be very imprecise. If tolerances specified for various parts 
of the communication system should all be at their negative 
values, the received signal could be severely distorted by 
noise. This would reduce measurement precision greatly. 
Doppler frequency and amplitude changes to be measured 
occur only during a very short time period, and so cannot be 
integrated in the manner used for conventional deep spacc 
tracking. 


NASA Has New Multibillion-Dollar Plan 


NASA Administrator James Webb told a Huntsville, 
Ala., group that the space agency is considering a new ten- 
year program which would cost from $7 to $15 billion in the 
period from 1965 to 1975. He did not detail the projects 
he expects to be included. But it is believed he was referring 
to the Apollo-X spacecraft with a one to two-month orbital 
capability, extended exploration of the Moon with the 
LEM Truck spacecraft, unmanned exploration of Mars 
with the Saturn IB launch vehicle and Voyager spacecraft, 
and an Earth-orbiting space station with a six-month-to-one- 
year lifetime. 


New Look at Competing Launch Vehicles 


NASA and the Dept. of Defense are taking a new look 
at launch vehicles which can be considered competitive. 
These include the Thrust Augmented Delta, Atlas-Agena, 
Atlas-Centaur and Titan I]. NASA Administrator Webb says 
only one or two of these may eventually be retained. He also 
says Saturn IB and Titan III] compete in certain areas of 
payload capability. But he adds that it is still too early to 
decide whether to keep both or cancel one. 


Floxed Atlas May Be Dropped 


NASA’s Floxed Atlas development program is being 
stretched out and may be in danger of being canceled. Space 
agency officials told CoUNTDOWN that the Phase I program, 
which was to end this year, will now be continued until mid- 
1965. As a result, only $2 to $3 million will be spent on it in 
FY ’65. Also delayed is the decision whether to move on 
to Phase II, which called for development of flight hard- 
ware and two flights in the 1966-67 period. 


Canard Stabilizers Studied for X-15 


NASA’s Flight Research Center has completed a series 
of wind-tunnel tests of X-/5 models with canard stabilizers 
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mounted on the nose. Purpose: to see if a canard surface 
would permit the X-75 to re-enter the atmosphere at higher 
angles of attack. This would cause more rapid deceleration, 
enabling the research craft to go to higher altitudes without 
exceeding its design temperature limit on re-entry. Tests 
were carried out in a Jet Propulsion Laboratory tunnel. 


Society Cancels MOL Meeting 


Cancellation of the American Astronautical Society’s 
proposed Nov. 18-19 Cambridge, Mass., meeting on the 
Manned Orbiting Laboratory is not regarded as a pessimistic 
sign for the program (see p. 14). The group was told the 
principal government speakers would be unavailable. Best 
bet: date of the session corresponds too closely with the ex- 
pected announcement of a go-ahead for MOL, therefore is 
considered premature. 


DASA Funds Project Spindrift 


Defense Atomic Support Agency has awarded a $108,307 
contract to Electro-Optical Systems in a classified program— 
Project Spindrift—which will involve development of rocket 
vehicles and telemetry gear. Phase II of the program, which 
is believed to involve firing of sensor rockets through the 
plume of spray that would be thrown up by an underwater 
nuclear explosion, calls for funding of more than $400,000. 


INDUSTRY 


Lockheed Unveils MOL Team 


Lockheed Missiles and Space Co. has named the princi- 
pal subcontractors selected as partners in its bid for the 
Air Force’s Manned Orbiting Laboratory: RCA (telemetry, 
tracking, communications and data management subsys- 
tems), General Precision, Inc. (navigation and guidance 
system), Garrett/AiResearch (life support and environ- 
mental control systems). 


Contract Management May Be Consolidated 


Industry in the future may deal with a single govern- 
ment contract manager in each of 11 contracting regions 
throughout the U.S. A pilot study called Project 60 now 
is under way in the Philadelphia area. Under this sctup, 
rather than each contractor dealing with Army, Navy, Air 
Force and NASA contract managers, he would have dealings 
only with a single government manager. 


INTERNATIONAL 


Soviets To Show New Rockets 


Press dispatches from Moscow indicate the Russians 
planned to unveil five new rockets in the Revolution Day 
parade. Among these was a missile described as about 82 
feet long and presumably liquid-fucled. This could be the 
new Soviet storable-fuel ICBM. Three surface-to-surface 
tactical missiles and one surface-to-air missile also were 
expected to be shown for the first time. 


The Missile/Space Week 


Nitze Discusses ASW 


Advancement in anti-submarine 
warfare will be a “slow, disciplined, 
step-by-step integration of literally 
hundreds of small increments of op- 
erational and technical progress,” 
predicts Secretary of Navy Paul H. 
Nitze. 

Addressing a Navy League ses- 
sion in Richmond, Va., Nitze ad- 
mitted that the lack of a major break- 


' Poa rker 


through in ASW technology presents 
a bad record to date. He outlined, 
however, several steps taken by the 
Navy to improve chances for an 
early breakthrough in this area. 
Among these have been administra- 
tive changes—the appointment of an 
ASW executive director reporting to 
Adm. David McDonald, Chief of 
Naval Operations, and the naming 
of an ASW systems manager under 
the Chief of Naval Material (M/R, 
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Today's engineer must cope with such environments as 
temperatures ranging from —423°F. to plus 2000°F., from hard 
vacuum to high,pressures, and exposure to extremely volatile and 
corrosive media or radiation. Parker's Metal V-Seal represents a 
significant achievement in the search for an'effective, economical 
and weight reducing static face seal to meet these extreme 
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Sept. 21, p. 24). 

Progress in ASW “will be ac- 
celerated as the new organization 
continues to operate more and more | 
smoothly,” said Sec. Nitze. } 


Martin Gets $40M for Sprint 


The Martin Co. has received a | 
$40-million contract award from the 
Bell Telephone Laboratories for con- | 
tinued development work on the 
Sprint anti-missile missile. 

The contract brings to $119 mil- 
lion the value of Martin’s share in |} 
the program. Sprint work is being 
performed at Martin’s Orlando Div. 


Shots of the Week 


The Air Force launched a Minute- 
man II ICBM from Cape Kennedy 
Oct. 29 on a trajectory that carried 
it into a target area 5,000 mi. down 
the Eastern Test Range. Launch was | 
conducted by the 6555th Aerospace | 
Test Wing. ! 

® NASA test pilot Milton Thomp- 
son flew X-15 number 3 from Ed- | 
wards AFB, Calif., Oct. 30 in a mis- 
sion to record noise Jevel of air rush- 
ing along the side of the rocket 
plane’s fuselage. 

® The Navy successfully fired a 
Polaris A-3 missile from the nuclear 
submarine Pulaski on Oct. 31. 

@ A Strategic Air Command | 
crew from Malmstrom AFB, Mont., | 
successfully fired a Minuteman ICBM 
from Vandenberg AFB, Calif., on 
Nov. 4. The missile, the 70th Minute- } 
man to be launched from Vanden- 
berg, traveled 5,000 mi. down the j 
Western Test Range. 


Goddard Papers Go to Clark 


The papers of Robert Hutchings 
Goddard have been given by his 
widow to Clark University, Worces- 
ter, Mass., the space pioneer’s alma 
mater, where he later served as 
professor of physics. By 1968, Clark } 
will house the collection permanently | 
in a $3-million memorial and aca- 
demic center built to honor Goddard 


UTC Tests Titan IIIl-C Motor 


United Technology Center suc- 
cessfully tested the thrust termina- 
tion system of the 120-in. solid motor 
during a static firing at Edwards 
AFB, Calif. The motor—being de- 
veloped for the Titan III-C—-had a 
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burn time of a little more than 6 
minutes. 

In the test, the two circular steel 
ports in the forward section of the 
rocket were blown out five seconds 
after ignition. This permitted ex- zp» 


7) 
Ni 


haust gas to escape from both ends 
of the five-segment solid, thus neu- 


tralizing thrust. 

The thrust termination system is 
considered essential since Titan III- 
C is a man-rated vehicle. 


Value Engineering Session Set 


The Defense Dept. will hold the 
first Value Engineering Symposium 


HERCULES 


In tactical situations 


for Advancement in the State of the a 
Art on Nov. 18-19 at Redstone Ar- aie 
senal, Ala. — ies. 
Representatives of industry, gov- ‘ 
ernment and universities will partici- o. . iF 
pate in the session, sponsored by the te 
Army Missile Command. Fifteen - ~~ 
technical papers will be presented in : k 
Medan? deniemidevcloomanh produc. The battlefield commander is the man 
pot. management and administra- on the spot. The responsibility is all his. <2. 
ion. : oe ° 
Menutyeesedi stent Defense teres He must be sure, certain in his knowl- 
tary George E. Fouch will deliver edge that each tactical missile will work. 
the keynote address. Hercules provides that kind of assUt- oom: 
ance with high performance propulsion ~~ 
Glenn To Retire systems, highly reliable and with known 
Navy Secretary Paul Nitze has reproducibility. Hercules motors, with {— 
approved the retirement of astronaut fifty years of experience and over a - 
John Glenn, who just last week was ae ; F 
promoted to full colonel in the Ma- billion pounds of production behind 
rine Corps. them, give the battlefield commander al 


Glenn’s retirement date is to be 
effective Jan. 1 if it is not delayed 
for medical reasons. He recently ac- 
cepted a civilian job with the Royal 
Crown Cola Co., a Georgia soft drink 
firm. 


Capt. Theodore C. Freeman 


Air Force Capt. Theodore 
C. Freeman, the astronaut 


trainee killed in a jet trainer 
crash near Houston Nov. 1, was 
buried in Arlington National 
Cemetery Nov. 4. 


Statehouse Beckons AC Official 


Taylor Benson, assistant director 
of public relations for AC Spark Plug 
Div. of General Motors in Milwaukee, 
has been elected to the Wisconsin 
State Senate. 

Benson, a Democrat representing 
Wisconsin’s 28th District, will con- 
tinue in his present position with 
AC Spark. 
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the power to do his job. From the first 
solid Navy Bullpup to the Army’s Nike, 
Honest John and Little John... from 
the antitank TOW missile to the Navy’s 
surface-to-air Terrier and Talos. . . Her- 
cules has participated successfully in 
the development of the weapons de- 
signed to aid the battlefield commander. 

Pride in these accomplishments, 
which include Minuteman and Polaris 
missiles, is just one of the rewards of 
working for Hercules. Our Personnel De- 
partment has opportunities for a reward- 
ing career in this exciting field for those 
who qualify. Explosives & Chemical Pro- 
pulsion Department, Hercules Powder 
Company, Wilmington, Delaware 19899. 
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Development uncertain, but... 


European Comsat Plan Advances 


System cost estimated at ‘tens of millions’; proposals 
indicate a new organization may replace or supplement ELDO, ESRO 


GENEVA—European planners have 
set 1970 as the target date for opera- 
tional status of the communication sat- 
ellite system they may develop and op- 
erate independently of any U.S. system. 

Proposals presented at two closed- 
door October sessions of the European 
Conference on Satellite Communica- 
tions pointed up a strong interest in 
keeping an independent option for 
Europe, despite the existence of agree- 
ments with the United States. 

Probability that a new organization 
will be created to either replace or sup- 
plement the European Launcher De- 
velopment Organization (ELDO) and 
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PREPARATION OF CONVENTION 
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STUDY 


by Frank G. McGuire 


the European Space Research Organiza- 
tion (ESRO) figures prominently in 
these proposals, which were first put 
forward by Great Britain in early Octo- 
ber and were supported by nearly al! 
the confercnce members at the end of 
the month. 

The joint program would have a 
fully operational satellite system in 
space by 1970, taking advantage of the 
ELDO booster capability for launching 
and the ESRO capability fer payloads. 
Nationally funded R&D would play 
a large part in the program, with joint 
costs covering only launch vehicle and 
payloads. Ground stations would be 


DRAFT DEVELOPMENT PLAN 


European Communications Satellite Co-operative Program 
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installed on a purely national basis. 

Germany has proposed that a wide- 
spread fabrication and test base be set 
up for the program, similar to the 
multi-national base on which the F-104 
program was built. 

Britain’s draft development plan 
calls for a survey of alternate systems 
until spring, 1967, when a final design 
would be chosen. At the same point a 
choice would be made for a global 
system or a regional subsystem. 

Cost of the program has not been} 
firmly established, and officials will 
estimate it only as “tens of millions of] 
dollars.” 


Proposed Oct. 2, 1964 by Britain 
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@ German plan—The proposal by 
Germany “based on the assumption that 
ECSC will establish an organization 
at an early date (new organization or, 
as is being considered, in conjunction 
with ESRO/ELDO),” places great 
emphasis on a regional European net- 
work but does not rule out a global 
system. 

Timetable of the initial phase of 
the German plan was considerably 
faster-paced than the British plan. Ger- 
many would like studies of Europe’s 
traffic needs, a regional or global sys- 
tem, satellite specifications, launch 
vchicles, launch site, and cost estimates 
—all completed by the end of next year. 
These studies would then be acted upon 
as soon as possible and work begun. 

Britain’s plan calls for these surveys 
{o run until spring, 1967, when a de- 
cision would be made. 

A decision on the optimal Europcan 
subsystem, coordination by ECSC of 
work assignments for R&D, preliminary 
selection of components and subassem- 
blies, and finally the choice of launch 
vehicles for component flight tests 
would follow the studies in rapid order. 

In this phase, German and British 
plans are similar, since both timetables 
call for component flight tests in the 
1967-68 period. 

The German plan apparently does 
not rule out the possibility of continued 
participation in a worldwide system in 
cooperation with the U.S., while a 
regional system for Europe is also set 
up. 

Flight-testing of components and 
subassemblies for the European sub- 
system would, according to the German 
proposal, be done in various countries 
using their own or ELDO/ESRO 
facilities. Meanwhile, flight-testing of 
components would be done with ELDO 
A, Diamant or U.S. launch vehicles 
(probably Scout), preferably in con- 
junction with other projects in order to 
Keep costs of flight-testing down. 

The flight-testing will not necessarily 
be carried out at the same high altitudes 
planned for the operational satellites. 

The selection of components, based 
on findings of the flight-test program, 
would be carried out with a view to- 
ward their possible application in a 
worldwide system as well as the Eu- 
ropean subsystem. 

Manufacture and flight-test of pro- 
totypes, slated for 1968-70, would in- 
volve two or more satellite models, 
separately tested for machanical and 
electrical properties. These would be 
the responsibility of two or more coun- 
tries in the program. 

These payloads would be launched 
aboard the ELDO A vehicle or a NASA 
booster, with telemetry and tracking 
handled by ELDO/ESRO and perhaps 
NASA ground stations. 
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Some Key GOP Legislators Lose 


AMONG THE LOSERS in the 
Nov. 3 elections were a number of 
Republicans holding key positions on 
Congressional committees dealing 
with defense and space affairs. 

The House Science and Astro- 
nautics Committee lost several high- 
ranking Republicans: J. Edgar Chen- 
oweth (Colo.), William K. Van Pelt 
(Wis.), and R. Walter Riehlman 
(N.Y.). James D. Weaver, a first- 
term GOP Congressman from Penn- 
sylvania, also was defeated. Neil 
Staebler’s unsuccessful gubernatorial 
bid in Michigan left the only empty 
seat on the Democratic side of the 
table. 

Four Republicans and five Dem- 
ocrats will not return to the House 
Armed Services Committee in the 
89th Congress because of election 
defeat, death or retirement. Dem- 
ocrats retiring are Chairman Carl 
Vinson (Ga.), Richard E. Lankford 
(Md.), and Joe Kilgore (Tex.). Re- 
publican Frank J. Becker (N.Y.), is 
also retiring. These committee mem- 
bers lost their House seats: Arthur 
Winstead (D-Miss.), George Hud- 
dleston (D-Ala.), Frank Osmers 
(R-N.J.) and Edgar Foreman (R- 
Tex.). Walter Norblad (R-Ore.) died 
in office. 

Similarly hit was the House Ap- 
propriations Committcc, which lost 

its chairman, the late Clarcnce Can- 


An alternative to the F-104-type 
multi-national program of joint fabrica- 
tion of portions of a complete unit is 
the parallel manufacture of complete 
satellites in several countries or groups 
of countries. 

The plan put forward by Germany 
includes provisions for launching of 
operational satellitcs for the European 
satellite subsystem after agreement with 
the interim committee set up in Wash- 
ington as part of the recent comsat 
agreement signed by the U.S. and Eu- 
rope. It also provides for delivery of 
European hardware under this program 
to the global system. 

@ Netherlands plan—Supporting the 
idea of a separate European communi- 
cation satellite system, the Netherlands 
proposed to extend its existing program 
of supplying telemetry for the ELDO 
launcher to provide similar services 
for the comsat network. 

The planned national program in 
support of the proposed joint under- 
taking includes work on telecommuni- 
cations packages, including microwave 
links; the telemetry system, a miniatur- 
ized digital type similar to that of 


non (D-Mo.), earlier this year. Two 
ranking Republicans, Ben F. Jensen 
(Iowa), and Walt Horan (Wash.), 
were defeated, along with these 
lower-ranking Republicans: John R. 
Pillion (N.Y.), Earl Wilson (Ind.), 
William H. Harrison (Wyo.), and 
Louis Wyman (N.H.). Harold C. 
Ostertag (R-N.Y.), retired. 

Rep. Riehlman, space committee 
member who was defeated in his 
try for re-election, is also lost as 
ranking Republican on the Military 
Operations subcommittee of the 
House Government Operations Com- 
mittee. Rep. William Stinson (R- 
Wash.) another Operations Commit- 
tee member, also met defeat. 

The Senate Armed Services com- 
mittee lost two of its six Republicans, 
Barry Goldwater (Ariz.), and J. 
Glenn Beall (R-Md.), defeated by 
Joseph Tydings. 

The Scnate Space committee lost 
one on each side: Kenneth Keating 
(R-N.Y.) who was defeated, and J. 
Howard Edmondson (D-Okla.) who 
did not run. The Senate Appropria- 
tions and Government Operations 
committees both had only the single 
change, in the vacancy left by Vice- 
President-elect Hubert Humphrey. 

The Joint Committee on Atomic 
Energy lost a junior member, Rep. 
Jack Westland (R-Wash.), who was 
defeated. 


the ELDO system; control systems, in- 
cluding servo circuits, sequencers and 
computer circuits; reliability research 
on electronic components; and machan- 
ical structures, including study of opti- 
mized design, material choices, strength 
and stiffness, vibration, heat balance 
and the effect of environment. 

The Netherlands also proposcs to 
make a laboratory model of a com- 
munications satellite based on advanced 
techniques expected to be sufficiently 
developed and tested by 1969. The 
characteristics of the design would be 
kept flexible enough for adaptation to 
future requirements. 

Estimated cost of the Dutch portion 
of the program, as outlined, would be 
about $420,000 annually. 

® Danish plan—Estimating its con- 
tribution at 10 scientists and a total of 
$140,000 up to March 31, 1966, Den- 
mark has proposed to take on the de- 
velopment of tracking, attitude and orbit 
control, including telemetry; mechanical 
devices such as bearings linkages; multi- 
ple access problems; receiver; signal 
processing unit; transmitter; and proto- 
type construction. a 
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At AIAA/NASA meeting . . . 


Welsh Reports MOL Program Is Due 
To Get Program Definition Okay Soon 


Houston—A top White House of- 
ficial says the Manned Orbiting Labora- 
tory (MOL) program will move to the 
program definition phase this month. 
This report came as the Air Force re- 
vealed new technical details of the two- 
man spacecraft. 

Dr. Edward C. Welsh, executive sec- 
retary and acting chairman of the Na- 
tional Aeronautics and Space Council, 
told MissiLEs AND RocKETs that “there 
is no question in my mind that the pro- 
gram will get the go-ahead signal.” 
Welsh, here for an address before the 
jointly sponsored AIAA/NASA Third 
Manned Space Flight Meeting, said he 
did not believe the program will be 
changed because of the recent orbiting 
of three cosmonauts by the Soviet 
Union. 

At the same time, Col. Donald 
Heaton of the Air Force Space Systems 
Div., told the meeting that the AF had 
decided on a 14-ft., two-compartment 
laboratory. The larger compartment will 
contain military and scientific equip- 
ment and the astronauts’ living quarters. 
The smaller compartment, on the front 
end of the laboratory, will serve as an 
air lock directly next to the Gemini B 
ferry vehicle. He also reported that cut- 
ting a hole in the Gernini heat shield ap- 
pears to be the best method of permit- 
ting astronauts to move from the space- 
craft into the laboratory. 

In other highlights of the meeting 
attended by more than 1,000 scientists 
and engineers: 

—Brig. Gen. Joseph S. Bleymaier of 
the Air Force Space Systenis Div. said 
that eight launches of the Titan III-C 
are now planned from Pad 41 at Cape 
Kennedy, beginning in the fall of 1965 
and covering a period of nine months. 
These will be preceded by four launches 
from Pad 40 beginning in the spring of 
next year. He also said that nine satel- 
lite payloads will be injected into orbit 
by seven Titan IJI-C launches, including 
a just-approved MIT communication ex- 
periment—a 45-in. radar calibration 
sphere which will be placed into a 
2,000-n.-mi. orbit. 

—Dr. George E. Mueller, NASA as- 
sociate administrator for manned space 
flight, said the agency is currently re- 
viewing its program in the light of the 
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by Hal Taylor 


recent Russian three-man orbital flight. 
“Personally, I feel we have a well- 
rounded program and if it is continued 
on the present level, we will achieve the 
space capability we want for the nation.” 
He also declared that he is strongly rec- 
ommending that the U.S. take advan- 
tage of the extended orbital capability 
of the Apollo X vehicle. In an apparent 
retort to recent criticism by the Space 
Sciences Board of the National Academy 


‘Standards’ Eased 


A SLIGHT but significant 
shift in the Defense Department’s 
attitude toward the standards of 
conduct amendment has been in- 
dicated. Leonard Niederlehner, 
deputy general counsel, was 
quoted in an interview last week 
as saying the Department was not 
interested in “trifles.” 

Specifically mentioned as be- 
ing below DOD notice were 
calendars and tie clasps. The first 
were counted as a form of insti- 
tutional advertising and tie clasps 
as of little value unless they were 
made of “precious” metal. The 
Defense official said the directive 
is designed to prohibit contractors’ 
paying for lavish entertainment. 

Further confusing the issue is 
Niederlehner’s comment that al- 
ternate lunches are acceptable. 
That is, a DOD employee can go 
to lunch with a contractor and the 
contractor pay for it if the next 
time they go to lunch the DOD 
employee pays for it. 

The amendment as now writ- 
ten, however, forbids the accept- 
ance of “any” gift, gratuity or 
entertainment from any firm or 
individual doing business with, or 
seeking to do business with DOD. 

Niederlehner also denied that 
the amendment, which becomes 
effective Nov. 24, reflects unfav- 
orably on either military or ci- 
vilian DOD personnel. 


of Sciences of alleged overemphasis on 
manned spaceflight, he also declared 
that there is no such thing as unmanned 
exploration of space—‘the only question 
regarding man is his location.” 

—Welsh said that space expenditures 
over the coming years, even with an oc- 
casional plateau, will be characterized 
by an upward trend. This growth, he 
said, should be consonant with the 
growth in the gross national product. 
In an interview later, he said that while 
he does not expect a sharp rise in next 
year’s space budget, this does not mean 
that advanced programs cannot be ini- | 
tiated. Another high Administration of- 
ficial said he doubted seriously that 
NASA’s FY °66 budget would reach 
$5.5 billion. 

—Charles W. Mathews, director of | 
Project Gemini, said he expects to get 
the Gemini-Titan I] launch off before 
December. Only a two-pad launch ca- 
pability could speed up the flight sched- 
ule appreciably for Gemini, he said. 
McDonnell and NASA crews are now 
working three shifts, seven days a week, ; 
on the spacecraft where such three-shift | 
operations are beneficial. Martin is work- | 
ing on a two-shift, five-day week pro- 
viding the launch vehicles. 

@ MOL report—In discussing the 
MOL program, Heaton said that the | 
laboratory structure could consist of a | 


simple foam-filled aluminum truss core | 
sandwich for adequate strength, coupled }{ 
with effective environmental control. In 
addition to providing strength adequate | 
for launch and environmental protec- | 
tion in orbit, the structure should also | 
accommodate flush-mounted thermal ra- } 
diators and other devices which must be 
exposed to space to avoid, if possible, 
protuberance beyond the surface of the 
vehicle. | 
He said that the front-runner among | 
methods for crew transfer between the 
Gemini B and the laboratory appears to 
be a hole in the heat shield. He added | 
that while this approach requires more | 
specific configuration testing than lesser- | 
ranking alternatives—an expendable ex- 
ternal tunnel or rotating the Gernini to } 
a side-by-side position to mate hatches } 
—it presents the lowest technical risk | 
and fewer possibilities of failure modes. 
“As to electrical power, adaptations 
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of existing Gemini or Apollo fuel cells 
could prove satisfactory for the initial 
program. Growth toward larger stay 
times for possible follow-on programs 
could exploit improved fuel cells, solar 
panels or isotope power sources. The 
follow-on mission, its timing and re- 
quirements for attitude control, stabiliza- 
tion and in-orbit maneuvering—as well 
as duration—will determine the choice 
among these alternatives.” 

He said there has been a long debate 
over whether MOL should use a one- or 
two-gas environment. “Consideration is 
being given to providing an environ- 
mental control system capable of either 
a 5-psi all-oxygen or a 742-psi mixed- 
gas atmosphere and structure capable of 
withstanding the higher pressures. Ini- 
tial operation may be with all-oxygen, 


with inert gas being introduced later.” 

“From the standpoint of the inter- 
face between the Gemini B and the 
laboratory,” Heaton continued, “the lab- 
oratory vehicle will supply the electrical 
power and any pressure and thermal at- 
mosphere needed by parts of Gemini 
during the period of laboratory orbital 
operations when the Gemini is on 
standby status. Fine attitude control, 
translation, and stabilization in orbit 
will be provided by an orbital attitude 
and maneuvering system integral to the 
laboratory system.” 

@ Contract rundown—In discussing 
the Phase I pre-program definition con- 
tract work, he said the contracts were 
awarded to the Martin Co. on the Titan 
III chiefly to obtain launch-environ- 
mental parameters and performance for 


a selected trajectory envelope, and with 
McDonnell Aircraft Corp. on prelimi- 
nary definition of Gemini B. 

Contracts were negotiated with the 
Garrett Corp. and Hamilton Standard 
on the Gemini, Apollo Command Mod- 
ule and Apollo Lunar Excursion Module 
environmental control systems. Honey- 
well studied the problems of adapting 
the Gemini and Apollo attitude control 
and stabilization systems to MOL, and 
General Electric investigated the feasi- 
bility of adapting to the MOL both the 
Gemini fuel cell and other power 
sources, such as solar cells and nuclear 
and solar dynamic systems. North Amer- 
ican Space and Information Systems 
Div. developed data on the fuel cell sys- 
tem in Apollo, and Allis Chalmers cov- 
ered advanced fuel cell possibilities. m 


Apollo's Military Potential Detailed 


HousTton—Military potentials of 
the three-man Project Apollo spacecraft 
were spelled out here for the first time 
by Dr. George E. Mueller, NASA asso- 
ciate administrator for manned space 
flight. 

In a last-minute revision of his 
prepared speech at the AIAA/NASA 
meeting, Dr. Mueller declared: 

“The elements of capability being 
created in the Apollo program will be 
available to fill other military require- 
ments as they emerge. 

“For example, the Apollo spacecraft 
includes a Command Module that pro- 
vides a shirtsleeve environment and suf- 
ficient room for three men to live and 
operate for periods of at least two weeks 
in space. With minor changes, sufficient 
food, water, air and other supplies can 
be carried to increase that time consid- 
erably. 

“The combination of the maneuver- 
ability provided by the Service Module 
and the aerodynamic features of the 
Command Module makes it possible for 
the Apollo crew to land within a few 
miles of any ... area on the Earth.... 

“The Apollo spacecraft also includes 
a Lunar Excursion Module (LEM) that 
has several potentialities. In the Apollo 
mission, this module is employed to 
transport two astronauts from the Com- 
mand Module in lunar orbit to the sur- 
face of the Moon. It guides them to the 
landing area, hovering and translating a 
quarter mile or so while the pilot selects 
an exact landing point, and then landing. 

“This spacecraft, the first designed 
and built for operation completely out- 
side the Earth’s atmosphere, has a num- 
ber of structural advantages over space- 
craft which must return through the 
atmosphere. One of these advantages is 
increased internal volume. It appears 
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possible for astronauts, by increasing 
the amount of expendable supplies, to 
extend considerably the period of time 
they can spend in space. In Earth orbit, 
the sensors and guidance and propulsion 
systems of the Lunar Excursion Module 
will permit it to leave its mother ship, 
make rendezvous with any other sat- 
ellite, ‘land’ on the satellite, allow the 
crew to get out and inspect, repair or 
test the other satcllite, and then take off 
and return to its mother ship. This could 
thus be used for rescue operations .. .” 
' @ Step toward space station—“The 
Apollo spacecraft, therefore, provides 
the nation with a precursor to a true 
space station. The Lunar Excursion 
Module is a test bed with which it will 
be possible to establish the constraints, 
evaluate the feasibility, and demonstrate 
the solution of most of the operations 
required for space exploration of very 
long duration. 

“Another important capability be- 
ing created in Apollo is experience and 
know-how in manned space flight opera- 
tions. A space vehicle in Earth orbit 
travels at a speed of five miles a sec- 
ond—300 miles a minute. For a flight 
into deep space, a speed of seven miles 
a second or 420 miles a minute is re- 
quired. For the split-second operations 
required in such a regime, man and 
machine must be married to an unprece- 
dented degree. For this purpose, we are 
pioneering in the operation of appro- 
priate control mechanisms, using the 
worldwide manned space flight network, 
and central switching terminal at God- 
dard Space Flight Center in Maryland, 
and the Deep Space Network of the 
Jet Propulsion Laboratory, all under 
the control of the Mission Control Cen- 
ter at the Manned Spacecraft Center 
in Houston.” 


@ MOL needed, too—“There is one 
misconception in the national security 
area that I would particularly like to 
discuss. The national security benefits 
from the manned space flight program 
have been described in some quarters 
as ‘spin-off’ or ‘fall-out.’ I believe such 
a description misses the point com- 
pletely. 

“The capability to conduct manned 
space flight activity did not exist in the 
United States six years ago. 

“Later in the Apollo program, we 
will have the Saturn I-B and Saturn V 
launch vehicles . . . the Saturn V will 
enable us to make a quantum jump in 
launch vehicle capability . . . It will be 
possible to place in Earth orbit a 36- 
man station . . . or launch a six-man 
station at an altitude of 23,000 miles 
over-looking a fixed area of the Earth.” 

Mueller said his proposed military 
applications did not mean he was ad- 
vocating that the Air Force’s Manned 
Orbiting Laboratory be dropped. “We 
need them both,” he declared. 

“It is not my place to discuss mili- 
tary missions. It is my understanding 
that the Department of Defense has not 
yet determined specific requirements in 
this area. Pending the establishment of 
these requirements, however, the work 
in progress by NASA is providing for 
the national security by creating the 
capability to do what is needed to fill 
requirements that may emerge in the fu- 
ture,” Mueller said. 

“In summary, therefore, we are ap- 
proaching the time when the United 
States must make another major decision 
regarding the course of its activities in 
space. When we pass the peak of effort 
in Apollo, the capability that has been 
created will be available for future un- 
dertakings.” 
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For Navy ASW work . 


Systems Integration Contract Forbids 
Firm from Bidding on Hardware 


A TOUGH hardware-exclusion 
clause has been accepted by TRW/- 
Space Technology Laboratories as part 
of the systems integration and develop- 
mental test support contract the com- 
pany has negotiated with the Navy’s 
Anti-Submarine Warfare Systems Proj- 
ect. 

Although the estimated $5-10 mil- 
lion contract had not been signed as 
MissILES AND ROCKETS went to press, 
it was known that the company has 
acceded to the Navy’s feeling that such 
a clause was a sine qua non. Adm. 
Charles B. Martell, director of the 
Navy’s ASW programs, is known to 
feel strongly that the Navy must avoid 
the Congressional criticism that has 
been leveled at military use of industrial 
support contractors—particularly in the 
Air Force ballistic missile programs. 

The STL mission will be completely 
unlike the systems engineering support 
it has furnished to the Air Force. “It 
will more closely parallel the type of 
thing that Vitro does for us on the sur- 
face missile programs,” Martell says. 
More specifically, STL will provide 
analysis of equipment and interface 
problems and recommendations on the 
solution of technical problems. 

@ Tight Navy control—Systems en- 
gineering and management as well as 
technical direction will remain securely 
with the Navy, and more particularly in 
the hands of Adm. C. A. Karaberis, 
ASWS project manager. “STL will be a 
technical consultant to the Navy and 
no more,” according to one Navy 
official. 

In line with the systems engineering 
for ASW, Navy officials feel that STL 
will become involved in analyses of the 
effectiveness of ASW equipment and 
operations—making recommendations 
on methods to improve both. Anothcr 
area, stemming from the requirement 
for equipment and operations analyses, 
is expected to involve recommendations 
to the Navy on training and training 
requirements for the personnel manning 
ASW systems in the fleet. 

Finally, STL will play a role in the 
technical evaluation of requirements 
and perhaps even in the formulation of 
requirements, again purely as an advi- 
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sor to Adm. Martell or Adm. Karabcris. 

@ Hardware exclusion—Prohibiting 
a company from bidding on components 
or systems for which they have served 
as a systems engineering or consultant 
to a government agency is not new in 
itself. Aerospace Corp., working for the 
Air Force, Intercom working for the 
Defense Communications agency and 
Bellcom and the General Electric 
Apollo Support Operations for NASA 
are all examples of companies that have 
accepted such clauses. Most of these, 


Phoenix Overrun? 


PROJECTIONS of the expen- 
diture rate on Phoenix air-to-air 
missile development show that the 
system will exceed its 1965 budget 
by more than $25 million, which 
may force a stretchout of the pro- 
gram to keep within the overall 
dollar ceiling. 

Roughly half the $25 million 
will be recouped by reprogram- 
ming funds from other programs, 
Navy officials say. Hughes Air- 
craft Co. is developing the missile 
and guidance electronics under a 
cost-plus-fixed-fee contract. 

Navy officials do not consider 
the $25 million an “overrun” be- 
cause they feel they will not ex- 
ceed the total amount for devel- 
opment. 

Phoenix is being developed as 
armament for the Navy F-111B 
tactical fighter-bomber. Each F- 
111B will be able to carry six mis- 
siles—mounted on hard points 
below the fixed portion of the air- 
craft’s wing. 

The air-to-air missile is under- 
stood to be the pacing item in 
F-111 development. An advanced 
version of the AIM-47A (Falcon) 
and the ASG-18 missile and fire- 
control system used on the YF- 
12A, Phoenix consists of the mis- 
sile and the AWG-9/ AMCS weap- 
ons targeting and fire-control sub- 
systems. 


however, are special children of the 
parent organizations, specially created 
to perform the specific job. Hardware 
exclusion, as a rule, does not apply to 
other members of the same corporate 
family. 

In the contract negotiated with STL, 
however, the hardware-exclusion clause 
extends not only to the actual group 
doing the ASW work but to the parent 
company, its affiliates and divisions. 
Thus, no unit of TRW will be able to 
bid on Navy ASW hardware. 

This is one of the prime reasons the 
Navy decided to negotiate the contract 
with STL—their willingness to at least 
consider such a clause. But another and 
equally important reason is that STL 
has the people available immediately to 
do the Navy’s job. Most of the other 
companies expressing an interest, it is 
understood, would have had to go out 
and hire engineers to fullfill the ASW 
needs. 

@ Karly systems integration—A re- 
current theme of Navy ASW officials 
has been the need for earlier and more 
effective integration of ASW subsystems 
—sonars, data processors combat in- 
telligence center equipment, fire-control 
systems and weapons—before they all 
meet for the first time “on the dock” 
and must be married to a ship. 

This is one of the prime reasons for 
the centralization of ASW hardware de- 
vclopment and production under Adm. 
Karaberis. It will be the first problem 
facing the STL group—the evaluation 
and recommendation of more effective 
integration of existing equipment. 

From this, however, should spring 
a methodology that could be extended 
back into the development cycle to in- 
sure that systems integration is effected 
throughout the development cycle of 
any particluar subsystem. 

This integration, it is hoped, could 
lead to the more effective analysis of 
what is required in an ASW system and 
the elimination of unneeded compo- 
nents and test equipment. Finally, the 
capstone of the systems integration and 
developmental test support effort is ex- 
pected to be more reliable equipment 
having a significantly higher percentage 
of working time. | 


missiles and rockets, November 9, 1964 


y 


$20 million reprogrammed .. . 


Pershing Firing Rate Being Boosted 


Procurement of additional missiles and launchers will cut 
battalion’s reloading time, eliminate firing site assembly 


by James Trainor 


RATE OF FIRE for the Army’s 
Pershing missile is being increased 
through a relatively simple expedient— 
a change in the logistic support concept 
for the system. 

An analysis by Army and Defense 
planners has shown that the most time- 
consuming portion of the firing cycle 
is reloading the missile launcher after 
the first round has been fired. 

This bottleneck is being eliminated 
by procurement of additional launchers 
and missiles that can be added to the 
basic load of the Pershing battalion. 
Thus, fully assembled missiles on their 
transporter-erector-launchers will be de- 
livered to the firing battery after the 
expenditure of a missile. Eliminated by 
this method is the requirement to as- 
semble missile sections on the launcher 
at the firing site, with its consequent loss 
in reaction time. 

The latest step in implementing this 
plan was taken this week with the an- 
nouncement of a $9.3-million contract 
award to the Martin Co. for production 
of Pershing missiles. These missiles, the 
release said, “will be used to strengthen 
present and planned Pershing battalions 
in the Army.” Reprogramming of $20 
million in Fiscal 1964 funds for the pro- 
curement of additional launchers and 
associated equipment kicked off the 
program earlier this year. 

® Taking the lead out—Under the 
present tactical concepts for the Persh- 
ing, the missile battalion is divided into 
four firing batteries, a headquarters 
battery and a service battery. Within 
each firing battery, there is a firing 
platoon with a one-launcher firing sec- 
tion and an ammunition section. Within 
the service battery there are organic 
Engineer, Ordnance and Signal Corps 
Specialists. In the present setup, these 
Specialists pick up the missile from an 
Army special ammunition point and de- 
liver it in four sections—first stage 
motor, second stage, guidance unit and 
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PERSHING and launcher. More will be 
bought to hike missile’s rate of fire. 


warhead—to the firing battery. 

The ammunition section of the bat- 
tery would then assemble the units on 
the launcher, with the firing section 
performing the final checkout and 
launch. In keeping with the Army’s 
“shoot and scoot” concept of employ- 
ment, the battery would then displace 
to another firing sight and reccive an- 
other missile, which it would then have 
to assemble before being able to fire. 

Defense Secretary Robert S. Mc- 
Namara recognized this problem when 
he presented the new concept to Con- 


gress. “It takes a relatively short time 
to fire the first missile but a much longer 
time to reload the launcher and fire the 
second,” he said. “Therefore, by in- 
creasing the number of launchers, we 
can significantly increase the quick- 
reaction capability of the Pershing 
force.” The reference to increasing the 
number of launchers, it is now apparent, 
did not involve beefing up the battalion 
itself but rather increasing its basic load. 

@ New tactical plan—Under the 
new concept, the service battery would 
still pick up the missile in sections from 
an Army supply point—if for no other 
reason than to cut down the timc lost 
should one of the four components be 
found defective, However, missile as- 
sembly and launcher loading would take 
place in the service battery area, with 
the complctely assembled missile being 
delivered to the firing battery. It would 
then get a pre-launch checkout and be 
fired. 

Pershing is now being deployed in 
West Germany with American units and 
is also being procured by West Germany 
for its army. The two-stage, solid-pro- 
pellant, inertially-guided missile has a 
range of 100-400 n.mi. It is about 35 
ft. long and 40 in. in diameter and is 
carried on a tracked vehicle. 

Actually, four tracked vehicles are 
required to fire the missile—one mount- 
ing the erector launcher and missile, 
another the warhcad, a third a checkout 
hut called the programmer test station 
and the fourth a tropospheric communi- 
cations system. 

In addition to the Orlando Div. of 
the Martin Co., the major contractors 
are: Thiokol for the propulsion; Ben- 
dix Eclipse-Pioneer Div., guidance and 
control; Collins Radio, communica- 
tions; Universal Match Corp., erector- 
launcher, and FMC Corp., the M-474 
tracked vehicle. Army Materiel Com- 
mand’s Missile Command at Redstone 
Arsenal, Ala., is responsible for pro- 
curement of the system and also spon- 
sored the initial development. | 
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LOOK WHAT DOUGLAS IS DOING NOW! 


FINAL ASSEMBLY OF MAMMOTH SPACECRAFT takes 
place in this huge tooling tower complex at the Douglas Space 
Systems Center in Huntington Beach, California. Here, provision 
is made for assembly, hydrostatic testing and checkout of giant 
space systems. The building includes 4,920 square feet of specially 
built insulation chambers. 


WINDOWS IN THE EARTH’S MAGNETIC FIELD exist at 


the poles allowing solar and galactic cosmic radiation to penetrate 
to the vicinity of the Earth. Douglas maintains geophysical observa- 
tofics in the Northern and Southern polar regions to record the 
effects of this radiation as it relates to space exploration and basic 
scientific knowledge. This program is jointly sponsored by Douglas 
and the National Science Foundation. 


Rane ererrmcimenersreresy snstrenepeme 


DOUGLAS-BUILT DELTAS have launched a 
majority of all Free World scientific and research 
satellites. Developed under the direction of the 
National Aeronautics and Space Administration, 
this three-stage space booster has achieved 22 
consecutive successes. Delta is now also available 
in a new thrust-augmented version (TAD). 


/ 
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Technical Countdown 


ELECTRONICS 


Northrop Investigating Vacuum-UV Effects 


Experiments to determine what solid materials are trans- 
parent to vacuum ultraviolet radiation are being conducted 
by Northrop Space Laboratories. Vacuum-UV, occupying 
the range between X-rays and near-UV in the electro- 
magnetic spectrum, is a solar emission always absorbed by 
the Earth’s atmosphere before reaching the surface. Studies 
of the band from 100 to 2,000 Angstroms with transmittance 
and reflectance characteristics of materials will benefit solid- 
state physicists. Materials that eject photoelectrons when ir- 
radiated by vacuum-UV will be sought for use as possible 
sensors in spacecraft. Similarly, irradiated gases will also 
be studied, since a variety of reactions might open up a new 
avenue for analysis of planetary atmospheres or vacuums. 


Helicopter Platform Powered by Microwave 


The transmission of electrical power via microwave has 
been effectively demonstrated by Raytheon recently for Air 
Force officials at Burlington, Mass. The rotor-blade motor 
of a small, tethered, unmanned, helicopter-like platform was 
powered from a ground-transmitted RF beam whose energy 
was collected by a diode-rectifying antenna array and con- 
verted to 5 kw of power. The demonstration vehicle climbed 
to about 50 ft. Also shown was an Amplitron tube, developed 
by Raytheon under an AF contract, that could be employed 
to generate nearly 100 times as much power from micro- 
wave energy at 70% efficiency. 


X-Band Planetary-radar Maser Developed 


An X-band maser amplifier has been developed for the 
30-ft. steerable antenna at the DSIF Venus site at Goldstone, 
Calif. Intended for the lunar radar project and for planetary 
experiments involving digital phase modulation, the 8,448- 
me radar will now use a nine-cavity maser amplifier mounted 
in a dewar. Transmitter components used in previous X-band 
projects are now being modified for high-power use. 


HUMAN FACTORS 


Voice-Directed Maneuvering Pack Suggested 


A human factors engineer in the Space and Armament 
Systems Section of Honeywell's Aeronautical Division in 
Minneapolis reports that a maneuvering unit consisting of 
rocket packs strapped to astronauts’ backs could best be 
operated by voice command. Only 10 words would be 
needed, he claims. These would be directed by microphone 
to a command system in the backpack, actuating reaction 
jets. The system would have the advantage of leaving the 
astronauts’ hands completely free to do manual operations. 


PROPULSION 


Nine-Pulse Solid Fired By Lockheed 


Nine propellant wafers in a pulse motor have been fired 
on command in a series of two, three and four bursts at 
Lockheed Propulsion Co.'s Redlands, Calif., facility. The 
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rapid-fire static test was conducted under a contract with 
the Rocket Propulsion Lab, Edwards AFB. Expected pulse- 
to-pulse reproducibility was attained and the structural and 
ballistics performance of the motor was as predicted. Such 
pulse-operated solid motors are an approach to space appli- 
cations requiring stop-restart-stop ability for the intermittent 
repositioning of satellites. 


Aerojet To Produce Commercial Rockets 


A facility is being readied at Aerojet-General/ Sacramento 
for production of small 350-lb.-thrust rocket engines recently 
certified by the FAA for emergency standby power on small 
civil aircraft. Developed by Aerojet-General’s solid propul- 
sion engineers, the 12NS-350 engine is 6 in. across and 28 in. 
long. It weighs 46.5 lbs. and has a burning time of 12 sec- 
onds. The engine has been installed on more than 120 air- 
craft to date. 


ADVANCED MATERIALS 


Friction Joins Aluminum to Stainless Steel 


Transition joints between aluminum and stainless steel 
structures are being made through a new friction-welding 
process perfected by the Friction Welding Div. of AMF in 
Shreveport, La. The process fusion joins dissimilar metals 
using the heat generated by friction created when a rotating 
piece is pressed against a stationary member. The AI- 
stainless joints have been tested in cryogenic rocket appli- 
cations with good results. Welding tests have proven the in- 
tegrity of the weld and the AMF division has subjected the 
parts to numerous environmental tests. 


Electro-coating Plates 65-in. Mirror 


A 65-in. mirror destined for the Douglas Space System 
Center Solar Simulator just finished the plating phase at 
Electro-Coating’s Industrial Hard Chrome Plating Div. A 
patented electroless nickel process was used. The aluminum 
mirror was coated with highly polished nickel and then 
aluminized in a vacuum. The mirror will be used to collimate 
simulated solar radiation for tests on materials and com- 
ponents at different simulated altitudes. 


NASA/Lewis Gets Uranium Foil 


The Y-12 plant at Oak Ridge, Tenn., has fabricated sheets 
of uranium foil 10 mils thick for shipment to NASA’s Lewis 
Research Center at Cleveland. The total amount of depleted 
uranium involved was 220 lbs. The uranium was initially 
cast as a billet and then rolled and sheared into five sheets. 
These were reduced to 20-mil thicknesses on a Sendzimir mill 
and the final dimension was reached through tension-rolling. 
Union Carbide Corp. operates the Oak Ridge Y-12 plant 
for the Atomic Energy Commission. 


Chemical Saw for Metal Crystal Cutting 


A British firm slices deformation-free samples of metal 
crystals using a polyester thread soaked in a suitable solvent. 
The reaction products are removed and even soft metals can 
be sliced with crystal integrity intact. The chemical saw in a 


development of Mettallurgical Services, Reliant Works, 
Betchworth, Surrey, England. 
21 


If control of our strategic air forces 
is ever shifted to SAC’s Airborne 
Command Post, things will be 
happening fast. 


On board, ITT’s solid-state 
switchboard interconnects with 85 
circuits by fast push-button 

dialing. It provides the airborne 
commander with direct connection 
to radio and multiplex equipment, 
even 24-party conferences. 


~ 


sor 
oy 
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Should command remain below at 
Offutt and at other SAC ground 
command posts, ITT-developed 
Project 465L will provide 
up-to-the-minute information 

on the disposition of all SAC forces. 


At the same time, other ITT-built 
systems will keep commanders in 
constant communication. 


One of these is NATO’s Ace High, 
the tropospheric-scatter system 
that extends from Norway to 
Turkey. An ITT System company 
designed it, installed it, helps 
maintain it, and trains military 
personnel to run it. 


Speeding information is a job ITT 


can perform uniquely well. 

For such projects, ITT delivers 
entire systems, including 
transmission systems (tropo and 
line-of-sight microwave, cable, 
radio, multiplex); switching systems 
(electronic message switching 
centers, toll switchboards, cordless 
boards, PABX’s); and terminal 
equipment (displays, teleprinters, 
subsets). 

International Telephone and 
Telegraph Corporation. World 
Headquarters: 320 Park Avenue, 
New York, New York 10022. 


THESE !TT COMPANIES ARE ACTIVELY SERVING U.S, DEFENSE AND SPACE PROGRAMS: reperat 
ELECTRIC CORPORATION © !TT CANNON ELECTRIC INC, @ ITT DATA AND INFORMATION SYSTEMS DIVISION © ITT ELECTRON TUBE DIVISION 


ITT FEDERAL 


LABORATORIES ® ITT GENERAL CONTROLS INC, © {TT GILFILLAN INC. © ITT INDUSTRIAL LABORATORIES DIVISION © ITT 


SNDUSTRIAL PRODUCTS DIVISION ® ITT INTELCOM INC, © ITT KELLOGG COMMUNICATIONS SYSTEMS ® ITT SEMI-CONDUCTORS, INC, © ITT 


WIRE AND 


BLE DIVISION © ITT WORLD COMMUNICATIONS INC. e JENNINGS RADIO MANUFACTURING CORPORATION, 
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Current status of U. S. missile and space programs 


ADVANCED ORBITING SOLAR OBSERVATORY (NASA)—CONTRACTORS: 
Republic, prime. DESCRIPTION: 1,200-b. spacecraft to make detailed 
measurements of Sun’s solar rodiation; greater painting accuracy than 
OSO; launch vehicle, THRUST AUGMENTED THOR-AGENA., STATUS: Cam- 
ponent development; planned to davetail with OSO, with the first space- 
craft launched in 1968. 


ADVANCED TECHNOLOGICAL SATELLITE (NASA)—-CONTRACTORS: 
Hughes, prime. DESCRIPTION: Five-sotellite progrom to test communica- 
tion ond meteorological equipment at medium and synchronous orbit; test 
bed for grovity gradient experiments; weight, 650 Ibs.; lounch vehicle, 
ATLAS-AGENA. STATUS: Development; first flight scheduled for 1966. 


APOLLO (NASA)—CONTRACTORS: North American, commond & service 
modules, systems integrotion; Grumman, Lunar Excursian Module (LEM); 
MIT, guidance develapment; Collins Radio, telecommunicatians; Honeywell, 
stobilizatian & control; AiResearch, environmentol cantrol; Narthrop- 
Venturo, porachute recovery; Lockheed Propulsion Co., escape tower 
racket; Marquordt, reactian controls; IBM, reoltime camputer camplex; 
Westinghause, power conversion equipment. Lunar Excursion Madule, 
prime, Grumman; descent engine, Racketdyne & TRW Space Technology 
Laboratories; oscent engine, Bell Aerosystems; environmental control, 
Homiltan Stondard; reaction contral thruster, Morquardt; guidance, MIT; 
radar & cammunicatians instruments, RCA; TMC, telemetry, Rodiation Inc.; 
fuel cell, Pratt & Whitney; external visual display, Forand Optical. DE- 
SCRIPTION: Three-man spocecraft for Earth-orbitol, lunar-orbital and 
lunar-landing missions. Boasters:s SATURN | and SATURN IB for Earth 
orbits; SATURN V for lunar rendezvous ond landing missions; 3-modular 
spacecraft: Cammand Madule weight, five tans; Service Madule, 23 tons, 
Lunar Excursian Module, 12.75 tons; tatal weight, 85,000 Ibs. STATUS: 
First of a series of unmonned orbital tests began with a boilerplate model 
launch on SA-7, Sept. 18; lunar orbits: scheduled 1968; lunar landing by 
1970; first manned orbital flight due last half af 1966. 


ASSET (Air Force)—CONTRACTORS: McDonnell Aircroft Corp., prime; 
Haneywell, gyras; Bell Labs, guidance. DESCRIPTION: Aerothermody- 
nomic/elastic Structurol Systems Environmental Tests far vorious moterials 
combinations during re-entry; delta-shoped re-entry vehicle; two versians 
planned weighing 1,100 Ibs. (4 vehicles) ond 1,200 ths. (2); length, 68.7 
in.; spon, 58.9 in. STATUS; Development. One AMR shot in September, 
1963, successful although vehicle nat recovered; secand vehicle successfully 
launched ond recavered, July 22; third lounched Oct. 28; three shats 
remain in program (see START). 


BIOS (NASA)—CONTRACTORS: GE, prime. DESCRIPTION: 1,000-Ib. sat- 
ellites to test effects of space environment on plonts, onimals (primates) 
and other bialogical specimens; launch vehicle, THRUST-AUGMENTED 
DELTA. STATUS: Six flight models to be built; first flight in December, 
1965; others to follow at three-month intervals; first experiments selected 
in February. 


COMSAT CORP. SATELLITE PROGRAM—CONTRACTORS: Studies being 
performed by Hughes, TRW with ITT, and AT&T ond RCA as joint can- 
troctors. STUDIES: AT&T/RCA, 18 satellites, medium-altitude random orbit; 
STL/ITT, 12 sotellites, medium altitude, cantrolled orbit using gravity 
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gradient stobilizotion; Hughes 2nd-generatian synchronous orbit system. 
STATUS; First satellites to be in orbit by mid-1966, with entire system 
operational by mid-1967. 


DISCOVERER (Air Force Program 622A)—CONTRACTORS: Lackheed, 
prime; GE, re-entry vehicle. DESCRIPTION: THOR-AGENA and ATLAS- 
AGENA lounchings of stabilized satellites; main purpase is ta test tech- 
niques and companents far military space systems. STATUS: All data an 
program classified as part of DOD information policy; hawever, indica- 
tians are that pragram hos been cut back or ended as mare economical 
vehicles have come inta use. 


EARLY BIRD (ComSat Corp.).—CONTRACTORS: Hughes, prime. DESCRIP- 
TION: Experimental modified syncom to be ploced in 22,300-mi. sta- 
tianory orbit and pravide 240 two-way telephane channels between U.S. 
and Europe ar simultaneaus transmission af 22 or mare telegraph mes- 
sages; boaster, THRUST-AUGMENTED DELTA. STATUS: Development; 
contract colls for delivery of first satellite by April, 1965; launch scheduled 
far mid-1965. 


ECHO (NASA)—CONTRACTORS: Langley Research Center, prime. DE- 
SCRIPTION: ECHO I, 135-ft. inflatable sphere in 700- ta 805-mi. arbit; 
possive communication satellite; baoster, THOR for ballistic tests; THOR- 
AGENA for orbital. STATUS: Program camplete; ECHO | in arbit since 
Aug. 12, 1960; two bollistic shots in 1962 unsuccessful; ECHO II launched 
from Vandenberg Jan. 27; U.S.-USSR conducting series af caoperative 
experiments using ECHO. 


GEMINI (NASA)—CONTRACTORS: McDonnell, prime; Racketdyne, space- 
craft propulsion; General Electric, fuel cell; IBM, guidance system integra- 
tion and camputer; Haneywell, guidance; Westinghouse, rendezvous radar; 
AiReseorch, environment. DESCRIPTION: Bigger and heavier MERCURY- 
type copsule to corry two men for up ta two weeks; TITAN II to be used 
as baoster; ATLAS-launched AGENA will be used for rendezvaus missions; 
15 spacecraft will be produced. STATUS: Development; 12 flights planned; 
will be used to determine feasibility of rendezvous far lunar mission ond 
lang-duration manned flight; first unmanned flight, April, 1964, successful; 
second postponed to 4th quarter 1964 after lightning damaged GT-2 in 
August; first manned flight, tst qtr. 1965; manned and rendezvaus flights, 
1965-67; AF participating in program, ond will madify GEMINI capsules 
far MANNED ORBITING LABORATORY. 


GEOS (NASA)—CONTRACTORS: Applied Physics Laboratary, prime. DE- 
SCRIPTION: 350-lb. geodetic satellite (similar ta ANNA) ta carry flashing- 
light beacans, electranic beacons and aptical and radar reflectars; launch 
vehicle, THRUST-AUGMENTED DELTA; 700-900-mi. orbit at a 59-degree 
inclinatian. STATUS: First flight planned in third quarter 1965. 


HYPERSONIC RESEARCH VEHICLE (AF, NASA)—CONTRACTORS: None 
announced. DESCRIPTION: Manned, hypersonic spacecraft capable of 
Earth-to-orbit-and-return; turbofan, Mach 0-3; ramjet, Mach 3-8 or 10 
(oxygen collected and liquefied during this cycle); Mach 8-10 orbital 
speeds, LHe-LOX rocket. STATUS: Joint NASA-AF research program ap- 
proved; NASA funding $2.5 million in FY ‘65; AF hos advanced technology 
program in six pertinent oreas (mostly engine developments) in FY ‘65. 
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ICBM ALARM (Farmerly MIDAS) (Air Force Pragram 239A)—CONTRAC- 
TORS: Lackheed, prime; Aerojet, IR detectar system. DESCRIPTION: Eorly- 
warning randam orbit satellite; detect ICBM launchings by IR; twa flights 
canducted in 1963 detected solid ond liquid missile lounches; satellites are 
launched piggy-back on various AF baasters. STATUS: Development; no 
decisian on deplayment; repartedly competing with over-the-horizan rador. 


INTERPLANETARY MONITORING PLATFORM (NASA)—CONTRACTORS: 
Gaddard Space Flight Center, prime; Mortin Co. developing nuclear 
power unit. DESCRIPTION: 140-Ib. sotellite launched into cislunar-space 
orbit with an apagee of more than 100,000 mi.; will measure radiation 
ond solor flore hazords in odvonce af Project APOLLO; lounched by 
DELTA booster from AMR. STATUS: IMP-I1 launched in December, 1963; 
IMP-II lounched Oct. 3; 3 more sotellites ore plonned, two to be ploced 
in lunor orbit; loter flights will use a nucleor power unit as teplocerent 
for solor cells; Designation, IMP-A is EXPLORER. XVIII. 


ISIS (Canodo, U.S.)—CONTRACTORS: Canodion Defense Research Boord, 
sotellite; NASA, lounch vehicle. DESCRIPTION: Three-satellite follow-on 
progrom to ALOQUETTE to continue ionospheric studies. STATUS: Design af 
ISIS A to begin this yeor with lounch in 1967; 8 and C to be launched in 
1968, 1969. 


LUNAR LOGISTICS SYSTEM (NASA)—CONTRACTOR: Studies have been 
conducted by Grummon, TRW/STL ond Northrop. DESCRIPTION: Spoce- 
craft to corry support poyloods to the Moon. Two designs under study— 
LEM truck with 7,000-Ib. poyload ond logistics spocecraft with 25,000 to 
30,000 Ib. poylood; booster: SATURN V. STATUS: Program definition af 
the LEM truck plonned in FY ‘66; progrom would cost obout $1 billion. 


LUNAR ORSITER PHOTO CRAFT (NASA)—CONTRACTORS: Boeing, prime; 
RCA, power ond communicotions; Eostman Kodok, comeras; Morquardt, 
monevuvering engine. DESCRIPTION: 830-lb. spocecroft lounched by 
ATLAS-AGENA will arbit Moan taking pictures of lunar surface; radiooc- 
tive ond geodetic measurements will olso be taken. STATUS: Five flights 
scheduled beginning in mid-1966. 

er 


MANNED ORSITING LABORATORY (Air Force)—-CONTRACTORS: Aero- 
spoce Corp., systems engineering & technical direction; study controcts 
oworded ta Douglos, GE, ond Mortin an the ORBITING SPACE STATION 
(OSS); olso controcts for studies of selected sub systems. DESCRIPTION: 
Two-mon spocecroft to estoblish militory usefulness of man in space; 
booster, TITAN I1i-C; GEMINI-B capsule otop 10-ft.-dio., 20-ft-long conister 
lob; tatol weight obout 18,000 Ibs.; arbit below 350 mi.; flights of 30 
days in shirt-sleeve environment planned. STATUS: Pre-pragram definition; 
RFPs expected to be issued in November, 1964; unmanned GEMINI launch 
early 1966; unmanned canister lounch lote 1967, monned first half 1968; 
rendezvous copobility possible loter. 


MARINER (NASA)—CONTRACTORS: Jet Propulsion Loborotory, prime. 
DESCRIPTION: 570-lb. unmonned spacecroft for early interplonetary mis- 
sions to vicinity of Mors ond Venus; boosted by ATLAS-AGENA. STATUS: 
First scheduled Venus fly-by, August, 1962, unsuccessful ofter booster foil- 
ure; second passed within 21,594 mi. of Venus, Dec. 14; two Mors fly-by 
missions planned in November, 1964; because of press of mointoining 
APOLLO schedules, NASA hos dropped plons far 1966 Mors shot; ogency 
will concentrote efforts on 7,000-9,000 Ib. spacecroft for 1969 windaw. 


MILITARY COMMUNICATIONS SATELLITE (Progrom 369) (AF, DCA, Army) 
—CONTRACTORS: Aerospace Corp., systems engineering & technicol di- 
rection; Philco, prime. DESCRIPTION: Multiple-lounch, rondom, octive 
repeater comsot; 16-24 satellites launched in groups af 6-8 sotellites in 
19,000 n.mi. polor orbits; weight cbout 100 Ibs.; TITAN-III-C booster. 
STATUS: Full-scole development os an “interim system which is to be 
in operotion in 1966. 


NATIONAL ORSITING SPACE STATION (NASA, AF)—CONTRACTORS: 
Mony studies awarded. DESCRIPTION: Manned space station with 
orbitol lifetime af ane to five yeors for testing camponents and tech- 
niques in the spoce environment; weight ronges under study vory from 
15,000-20,000 up to 200,000 Ibs. STATUS: Decision not expected for one 
to four yeors; APOLLO-X, AF MANNED ORBITING LABORATORY, 
MANNED ORBITING RESEARCH LABORATORY ond LARGE ORBITING 
RESEARCH LABORATORY being considered; progrom definition af 
APOLLO-X expected in FY ‘66; longer-life stations deloyed until 1970's. 


NIMBUS (NASA)—CONTRACTORS: Goddord Spoce Flight Center, prime; 
GE, integration ond testing; RCA, videcon cameros. DESCRIPTION; 830-lb. 
second-generotion weather sotellite; Eorth-stobilized polar orbiting; TV 
comeras ond IR sconners in poyload; THOR-AGENA B booster. STATUS: 
First lounching successful August 28; picture & IR quolity good in spite 
of sotellite’s ellipticol orbit; sotellite quit tronsmitting Sept. 23; second 
scheduled for lounch within o yeor; twa R&D sotellites to be funded in 
FY ‘65; uses Automotic Picture Tronsmission system, 
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NUCLEAR DETECTION SATELLITES (Formerly Vela) (ARPA) —CONTRAC- | 
TORS: TRW Spoce Technolagy Loborataries, prime; Los Alamos Scientific 
Lab/Aerospace Corp., payload. DESCRIPTION: 20-sided, 485-lb. satellite 
for detectian of nuclear explosions in space; 50,000-mi. arbit; booster, 
ATLAS-AGENA; launched in pairs. STATUS: First pair successfully lounched 
in Octaber, 1963; second pair successfully launched July 17, 1964; three 
poirs remain. 


OAO (NASA)—CONTRACTORS: Grumman, prime; Westinghouse, ground 
stotian, camponents; GE, stabilization and control; Kollsman, star trackers; 
IBM, dato processor ond: storage; Hughes and Avco, communications 
equipment. DESCRIPTION: 3,600-lb. ‘orbiting atronomical sotellite ta. 
study ultrovialet spectrum from approximotely 1,200 A to 4,000 A;. four’ 
mojor experiments selected; one piggyback; booster, ATLAS-AGENA D. 
STATUS: Three flights beginning in late 1965. 
ee 
OGO (NASA)—CONTRACTORS: TRW Spoce Technology Loboratories, 
prime; DESCRIPTION: 1,000-Ib. sotellite with instruments for geaphysicol 
measurements; polor (POGO) and eccentric (EGO) shots plonned; con 
corry more thon 20 experiments; ATLAS-AGENA B, THRUST-AUGMENTED 
THOR boosters. STATUS: First lounch on Sept. 4 portiolly successful; 16 
of 20 experiments working; next launch (a POGO) eorly 1965. 


OSO (NASA)—CONTRACTORS: 8all 8rothers, prime. DESCRIPTION: OSO 
1,458-lb. arbiting solor observotory; OSO II, 535-lbs.; DELTA boaster; 
S-16 early version; S-17 and S-57 odvanced versions. STATUS: First flight 
Mar,, 7, 1962, highly successful; first flight for S-17 plonned for second 
quorter 1964 delayed until 1965; five mare flights planned. 


PEGASUS (NASA)—CONTRACTORS: Foirchild Hiller, prime. DESCRIP- 
TION: 3,400-lb, meteoroid-detection satellite employing two 50 x 15-ft. 
extendable detector wings; Earth orbit 300 to 800 mi:; boaster, SATURN 
1. STATUS: Development; will measure size, energy ond frequency of 
metearoids to evaluote hazards of impact with manned spocecroft; first 
launch scheduled for third quarter 1964; formerly known as MDS; two | 
mare satellites will be lounched as port of SATURN | development pro-" 
grom. : 


PIONEER (NASA)—-CONTRACTORS: TRW Spoce Technology Laboratories. 
DESCRIPTION: 140-lb. spin-stabilized solor probe; ougmented DELTA 
lounch vehicle; cylindrical; covered with 10,000 solor cells; four aut- 
rigger booms for stabilizotion; five experiments, 60 to 90-millian-mi. com- 
munication capability. STATUS: Seven lounches in progrom; early 1965 
lounch schedule set; orbits range from 0.8 to 1.2 ou for 6-mo. lifetime; 
ADVANCED PIONEER under study. 


RADIO ASTRONOMY OBSERVATORY (NASA)—CONTRACTORS: Goddord, 
prime (although industry may be osked to build RAO). DESCRIPTION: 
270-lb. sotellite which will hove four 750-ft, extendable ontennas to 
Pinpoint rodia emissians in space. STATUS: Program approval and fund- | 
ing expected in FY ‘66 budget, with first launch by a THRUST AUG- — 
MENTED DELTA in 1967. 


RANGER (NASA)—CONTRACTORS: JPL, prime; Hercules, retro-rocket; 
Northrop, support controctor; RCA, TV system. DESCRIPTION: 8efore 
inpoct, TV cameros toke pictures af lunor surface; ATLAS-AGENA 8 
booster. STATUS: RANGER VI launch Jon, 30; TV system foiled; RANGER 
Vil lounched July 28 and impocted Moon after tronsmitting 4,316 pictures © 
bock ta Earth; RANGER VIII scheduled for Jan., 1965, with IX two 
months loter; this will complete RANGER progrom. 


RELAY (NASA)—CONTRACTORS: TRW Spoce Technalogy Loborotories, © 
Project coordination ond systems plonning; RCA, prime. DESCRIPTION: ~ 
172-lb. spin-stobilized wideband 800 toe 4,600-mi.-orbit octive repeater | 
experimental communicotions satellite; DELTA booster. STATUS: Britain, 
Fronce, 8razil ond Germony building ground stotions; first lounch, Dec. 

13, 1962; RELAY 11 lounched Jon, 21, 1964; program completed. Hl 


SAMOS (Air Force Program 720A)—CONTRACTORS: Lockheed, prime; — 
photo intelligence equipment, Eastmon Kodok; copsules, GE; porochute 
and guidonce recovery equipment, AVCO ond Northrop Ventura. DESCRIP- | 
TION: Reconnaissonce sotellite; formerly SENTRY; R&D model weighs | 
4,100 Ibs. with E-5 copsule (3,000 Ibs. with E-6); ATLAS-AGENA booster; jf 
100-300-mi. circulor polar arbit, STATUS: Operationol; advanced SAMOS . 
under development; FERRET version used for electronic intelligence and | 
communications eavesdropping. 


SATAR (Air Farce)—CONTRACTORS: General Dynamics, prime. DE- { 
SCRIPTION: 300-Ib. scientific satellite pod mounted on side of ATLAS || 
booster; length, 55 in.; diameter 27 in.; 200-lb paylood; orbits vary — 
from 500 to 2,000 n. mi.; os re-entry vehicle, goins speeds up to 30,000 © 
fps; guidonce, strop-down system with three orthogonally-mounted gyros; /} 
unstobilized when in arbit. STATUS: Development; seven vehicles being ~ 
built under present contract; pods af SATAR type have been flown on | 
44 missions. ; 
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SATELLITE INSPECTOR (Air Farce PROGRAM 706)—CONTRACTORS: Nane. 


DESCRIPTION: Satellite inspection system cansisting af a spacecraft 
capable af ca-orbital inspection of non-cooperative satellites. STATUS: 
Re-ariented from unmanned vehicle to monned satellite using GEMINI; 
Canceptual preliminary design studies under woy; early GEMINI! flights 
expected to pravide impartant inputs; $2 million in FY ‘65 budget. 


SECOR (Army)—CONTRACTORS: ITT Labs, prime; Cubic Corp., trons: 
ponder, DESCRIPTION: 40-lb. geodetic satellite; rectilinear, measuring 
9x 11 x 14 in.; can be carried piggyback on a variety of boasters; 
frequency, 162-324 mc for geodetic measurements; 54-216 mc for re- 
fractian studies. STATUS: Operational; third launch took place eorly 
this year on AF secret satellite; an exponded pragram at altitudes of 
1,800 mi. is being cansidered. ; 
erences 
SERT I (NASA)—CONTRACTORS: RCA, prime. DESCRIPTION: Spinning 
bollistic test vehicle carrying two electric-propulsian engines far environ- 
mental tests. STATUS: First flight July 20 from Wallops Islond, Va., carried 
a Lewis electron bombardment engine and o Hughes contact ianization 
engine; the Lewis engine worked well while Hughes engine produced 
no thrust; fallaw-on flights cancelled since SERT ! proved neutralizatian 
of an ion beam in space. 
Se tees 
START (Air Force)—CONTRACTORS: Aword in only one of on expected 
10-14 areos has been annaunced: Martin Co. for wark on o vehicle 
related ta the in-house SLV-5. DESCRIPTION: An experimental program, 
much broader than ASSET, to explore the materials, structures, flight 
regimes and other areas reloted to glide .atmospheric entry. STATUS: 
Pragram package is still being ossembled and is nat expected to be 
ready before the end of 1964. 
RR 
SURVEYOR (NASA)—-CONTRACTORS: Hughes, prime; Martin, SNAP de- 
vice. DESCRIPTION: 2,100-Ib. spacecraft for soft-landing 100-300 Ibs. of 
instruments on Moon; nine 2,500-lb. spocecraft are also planned; ATLAS- 
CENTAUR booster; SNAP nuclear generotar aptianal. STATUS: First Moon 
flights late 1965; five saft-landing vehicles plonned in 8lack | series. 


-SYNCOM (NASA)—CONTRACTORS: ‘Hughes, prime. DESCRIPTION: 24-hr. 


orbit instantaneaus narrow band, active repeoter communications satellite; 
28-in. in dia. ond weighs about 63 !bs.; DELTA booster; copable af oc- 
commodating ane full duplex radio telephone channel. STATUS: First 
launch failed, Feb. 14, 1963; satellite believed ta be in arbit but contact 
last; SYNCOM II launched July 26, 1963, completely successful; third 
launch Aug. 19 successful; satellite, positianed in stotionary arbit over 
Pacific, relayed 1964 Olympic Games ta U.S. from Japan; program now 
complete. 


SMS (Synchronous Metearological Satellite) (NASA)—-CONTRACTORS: Re- 
public, RCA Astro-Electranics; Hughes, study contracts. DESCRIPTION: 


Space Vehicles 


ABLESTAR (Air Farce)—CONTRACTORS: Spoce General, prime; Aero- 
jet, prapulsion; Space General/8ell Telephone, guidance. DESCRIPTION: 
2,000-Ib. upper stage; 9.5 ft. long; 55 in. dia.; radio command guidance; 
prapellants, UDMH/IRFNA; restart capability. STATUS: Used in TRANSIT 
ond ather military programs; THOR baoster. 


ATLAS-AGENA D (Air Force) CONTRACTORS: Generol Dynamics/Astro- 
nautics, (ATLAS); Lockheed (AGENA); TRW/STL, AGENA 8; Honeywell, in- 
ertial reference. DESCRIPTION: 275,000-lb. baaster; payload capability, 
5,000 Ibs., in 345-mi. arbit, 750 Ibs. to escape, length, 102 ft.; base 
diameter, 10 ft.; liquid prapulsian; modified Atlas D with 360,000-Ib. 
thrust; Agena B with 15,000-Ib. thrust; restart capability. STATUS: Opero- 
tianol; used in RANGER, DISCOVERER, MILITARY COMSAT, MARINER, 
LUNAR ORBITER, OAO, SAMOS and other pragrams. 


AGENA D (Air Force)—-CONTRACTORS: Lackheed, prime; Haneywell, 
guidonce; Bell, prapulsian. DESCRIPTION: 1,700-lb. upper stage; 25 ft. 
lang; 5 #. dia.; all-inertial guidance; propellants, UDMH/IRFNA; multiple 
re-stort capability; ATLAS, THOR and THOR-augmented baasters. STATUS: 
Used in DISCOVER, SAMOS and ather military pragrams as well as a 
variety of NASA pragroms; e.g., MARINER, RANGER, OAO and OGO. 
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24-hr. weather satellite, Eorth-stabilized; TV cameras with variable focus; 
may use SNAP-50 for power; baoster moy be ATLAS-AGENA ar -CENTAUR. 
STATUS: Studies ta continue; develapment funds nat included in FY ‘65 
budget; ATS expected ta pravide major inputs ta the program. 


TELSTAR (AT&T, NASA)—-CONTRACTORS: Bell Telephone Laborataries, 
management far AT&T. DESCRIPTION: 170-lb. octive repeater experi- 
mental industry cammunicatian satellite; DELTA boaster. STATUS: Develop- 
ment; first launch July 10, 1962, highly successful; secand launch Moy 7, 
1963, alsa successful; program now camplete. 


TIROS (NASA), Weather 8ureau)—CONTRACTORS: RCA, prime. DESCRIP- 
TION: 285-lb. meteorological satellite; TV pictures af claud caver; IR 
sensors to gather heat balance data; ane TIROS to be tested far effective- 
ness in highly ellipticol orbit (300-3,000 mi.). STATUS: R&D; eight sotellties 
launched; all successful; five mare launches planned with TIROS wheel 
canfigurotian (Earth stabilized) to serve os on interim Nationa! Opera- 
tional System. 


TRANSIT (NAVY)—CONTRACTORS: Applied Physics Laboratary, prime; 
Martin, SNAP device; Westinghause, shipboard satellite signal receivers. 
DESCRIPTION: Navigatianal satellite; R&D madel aver 250 Ibs.; opera- 
tional, 50 ta 100 Ibs.; operational system; faur satellites in randam, near- 
circular 600-mi. orbits; SNAP nucleor generatar; ABLESTAR baaster. 
STATUS: Operatianol system established for use by POLARIS subs and 
surface ships; two nuclear-powered (SNAP-9A) satellites launched in 1963; 
NASA exploring feasibility of commercial system. 


TRS (Air Farce)—CONTRACTOR: TRW/STL. DESCRIPTION: 3-lb. scientific 
satellite ta measure radiatian; four-sided, measuring 9 in. on o side. 
STATUS: Operational; first lounched piggyback on DOD paylaad 
Oct. 17, 1963. 


VOYAGER (NASA)—CONTRACTORS: Study cantracts, Avco ond GE. DE- 
SCRIPTION: Unmanned MARINER fallow-on spocecraft to orbit Mars and 
VENUS and ta eject o capsule to the surface. STATUS: Develapment funds 
included in FY ‘66 budget; launches in 1971-73 periad; spacecraft ta be 
launched by SATURN IB/CENTAUR, TITAN III or SATURN V. 


X-15 (NASA, AF, NAVY)—CONTRACTORS: Narth American, prime; Thio- 
kal, propulsion; Sperry Gyrascape, inertial flight data system; Haneywell, 
adaptive flight contral electranics, DESCRIPTION: Manned racket plane 
capable of 4,000-mph-plus flight at edge af space; single rocket engine 
develops 57,000 Ibs. thrust. STATUS: Powered flights in pragress; unafficial 
recards set—altitude 354,200 ft. and speed 4,104 mph; hypersanic pro- 
pulsian research program shauld run through 196B; mare than 100 flights 
have been made; ramjet (X-15A2) flights scheduled for 196B. 


CENTAUR (NASA)—CONTRACTORS;: Lewis, program management; Gen- 
erol Dynamics/Astronautics, prime; Pratt & Whitney, propulsian; Haney- 
well, guidance. DESCRIPTION: High-energy upper stage using a pair of 
RL-10 LOX/liquid hydrogen engines; 30,000 Ibs. tatal thrust; 30 ft. lang; 
10 ft. dia.; ATLAS D baaster; capable af arbiting B,500 Ibs.; 2,300 Ibs. ta 
escope; 1,300 Ibs. on planetary flights. STATUS: Development; first test 
flight failed; second launch Nav. 27, 1963, highly successful; third, June 
20, 1964, partially successful; faurth flight set far November, 1964 and 
seven in 1965 when the vehicle is ta become operatianal. 


DELTA (NASA)—CONTRACTORS: Douglas, prime; Bell Telephane Labs, 
guidance; Rocketdyne/Aerojet/Allegany Ballistics Labaratary, prapulsian. 
DESCRIPTION: Successar ta THOR-ABLE; upper stage guidance; three-stage 
vehicle; 800-lb. paylaad capability in 100-mi. arbit; THRUST-AUGMENTED 
DELTA payload capability 1,500 plus Ibs. in 100-mi. arbit; THOR missile 
camprises first stage. STATUS: launch vehicle far TIROS, EXPLORER, OSO, 
BIOS, ECHO; TAD used far SYNCOM & PIONEER; 26 previausly an arder 
augmented by AF arder far 21 more far NASA; THRUST-AUGMENTED 
DELTA with three solid motor strap-ons olso being used. 
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JOE Il (NASA)—CONTRACTORS: General Dynamics/Canvair, 
DESCRIPTION: Solid-prapelled vehicle with 800,000-Ib. thrust; 
ch vehicles far APOLLO subarbital flights. STATUS: Twa launches 
28, 1963, and May 13, 1964, successful; six vehicles ardered thus far; 

third launch scheduled far Dec., 1964. 


POST-SATURN V LAUNCH VEHICLE (farmerly NOVA) (NASA)—CON- 
TRACTORS: Studies, DESCRIPTION: Capability af NOVA under study; 
na firm cancept but shauld affer significant impravement aver C-5 (20-30 
millian-lb. first-stage thrust large salid matars, and nuclear upper stage 
under cansideratian). STATUS: Study ta determine characteristics; opera- 
tianal target date past-1970, 


PROJECT FIRE (NASA)—CONTRACTORS: Republic, re-entry package; 
Ling-Temca-Vaught, velacity package; General Dynamics/Astranautics, 
launch vehicle and systems integratian. DESCRIPTION: Re-entry prabe ta 
measure enviranmental heating at lunar return speeds (25,000 mph); 
launch vehicle, ATLAS D plus Antares Il A-5 (re-entry baaster). STATUS: 
R&D: first flight April, 1964, successful; secand flight scheduled for mid- 
1965. 


PROJECT SCANNER (NASA)—-CONTRACTORS: Honeywell, fabrication and 
integratian; Baird-Atamic; star-mapper telescape; Santa Barbara Research 
Center, dual radiameters. DESCRIPTION: Unmanned scientific satellite ta 
measure natural radiation gradients af Earth’s harizon ta determine utility 
af spacecraft harizan sensars. STATUS: Flights ta begin in 1965. 


ROVER (NASA, AEC) CONTRACTORS: Las Alamas Scientific Labs, ROVER 
prime; Aerajet, NERVA prime; Westinghause, prapulsian. DESCRIPTION: 
First nuclear racket; tests af Kiwi, pratatype af NERVA engine, under 
way. STATUS: Kiwi tests campleted this year; NERVA tests highly success- 
ful; full systems tests af engine naw set far fall, 1965—12 manths ahead 
af schedule; develapment af Phaebus reactar initiated; no flight test 
pragram funded at present. 


SATURN I (NASA)—-CONTRACTORS: Systems engineering, assembly and 
guidance, Marshall Center; S-1 stage, Chrysler Corp.; S-IV, Dauglas. DE- 
SCRIPTION: Twa-stage vehicle far early bailerplate tests af APOLLO and 
PEGASUS; first stage: eight Racketdyne H-1 engines; secand stage: six Pratt 
& Whitney RL-10-A3 engines; 22,000 Ibs. into 345-mi. arbit, STATUS: Faur 
flight tests af first stage successful; all flights with inert upper stoge; first 
flight with live upper stage successfully launched Jan, 27, putting 37,700 
Ibs. in law Earth arbit; SA-6 May 2B, 1964 and SA-7 Sept. 18, 1964, alsa 
successful; three mare R&D flights planned to camplete develapment effort. 


SATURN I-B (NASA)——-CONTRACTORS: Systems ‘engineering, assembly 
and guidance, Marshall Center; S-1 stage, Chrysler; S-IVB stage, Dauglas. 
DESCRIPTION: S-1, eight H-1 engines; S-IVB, ane J-2 engine; paylaad 
capability, 28,500 Ibs. in 345-mi. arbit. STATUS: Development; first flight 
in 1966; boast APOLLO spacecraft bailerplate madels, including lunar 
fanding vehicle; first manned flight in APOLLO pragram set for late 1966; 
advanced versian able ta arbit 30 tons under cansideratian. 


SATURN V (ADVANCED SATURN) (NASA)—CONTRACTORS: Systems 
engineering, assembly and guidance, Marshall Center; S-IC, Boeing; S-ll, 
Narth American; S-IVB, Dauglas; F-1, Narth American; J-2, Narth Ameri- 
can. DESCRIPTION; S-IC, five F-1 engines; S-II, five J-2 engines; S-IV8, 
J-2 engine; 120-tan paylaad in 345-mi. arbit; 43 tans ta escape velacity; 
30 tans far planetary missians. STATUS: R&D; first flight scheduled far 
1967; prime baaster far APOLLO missians; will be used ta baast arbiting 
space station, 


Missiles 


AADS-70 (Army)—CONTRACTORS: Hughes/Douglas/FMC, RCA/Beech, 
campetitive campanent develapment cantracts, DESCRIPTION: Field army 
ballistic missile defense system, mabile. STATUS: Na decisian to develap 
system has been made; campanent develapment funded at $5 millian in 
FY ‘65; expected ta pravide basis for pragram definitian in 1965. 


ADVANCED SURFACE MISSILE SYSTEM (Navy)—CONTRACTORS: Ray- 
thean, Baeing, Sperry Rand, General Electric, Westinghouse, RCA & 
Hughes, pre-pragram definitian cantracts. DESCRIPTION: Fleet air-defense 
weapan far the 1970 time periad; ta have capability against aircraft and 
certain types af air-ta-surface missiles; will replace the 3-T systems cur- 
rently in the fleet. STATUS: Pre-pragram definitian; pragram definitian 
planned in mid-1965 and develapment contract by 1966. 
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’ strap-on, 55,000 Ibs. thrust; perfarmance, 2,500 Ibs. in 100-n.mi. arbit. 


SCOUT (NASA)—CONTRACTORS: LTV Astronautics, prime; Honeywell, 
guidance; Aerajet/Thiakal/Allegany Ballistics Labaratary, prapulsian. DE- 
SCRIPTION: Salid prapulsian four-stage satellite launcher; 72 ft. lang; 
3.3 ft. dia.; 300-Ib. paylaad in 345-mi. arbit; 80 Ibs. ta escape. STATUS: 
Operatianal; used by NASA far EXPLORER and ather small paylaads; alsa 
procured by NASA for Air Farce os BLUE SCOUT; NASA has ardered 23 
mare baosters, 


THOR-ABLE STAR (Air Farce)—-CONTRACTORS: Dauglas, prime; Bell Tele- 
phane labs, guidance; Racketdyne, first-stage prapulsian; Space/General, 
secand; DESCRIPTION: Twa-stage vehicle with 1B1,900 Ibs. tatal thrust; 
perfarmance, 900 Ibs., in 100-n.-mi. orbit; length, 55.9 ft., diameter, 8 ft., 
weight, 118,200 Ibs.,-height, 79 ft.; guidance, radia cammand; STATUS: 
Operatianal; used in TRANSIT and ather military pragram. 


THOR-AGENA D (Air Farce and NASA)—CONTRACTORS: na prime; Daug- 
las, THOR frame; Lackheed, AGENA D; Racketdyne, prapulsian. DESCRIP- 
TION: Liquid-prapulsian vehicle ta put 1,600-Ib. paylaad in 300-mi, arbit; 
length, 76 ft.; diameter, 8 ft.; launch weight, 123,000 Ibs.; 172,000 Ibs. 
thrust; THOR, radio guidance, AGENA, all-inertial. STATUS: Operatianal; 
used in AF space pragram; TELSTAR, Tapside Saunder and ather NASA 
programs; NASA has 11 launched scheduled, 


THRUST-AUGMENTED DELTA (NASA)—-CONTRACTOR: Dauglas, prime; 
Thiakal, salid prapulsian. DESCRIPTION: DELTA launch vehicle with three 
strap-an salids; perfarmance, 1,000 lbs. ta Earth arbit; 150 Ibs. ta escape; 
prapulsian, three XM-33 salid matars producing 55,000 Ibs. thrust each. 
STATUS: Develapment; ta be used far BIOSATELLITE, PIONEER, SYNCOM, 
TIROS and COMSAT pragrams; initial flight in 1964. 


THRUST-AUGMENTED THOR (Air Farce/NASA)—CONTRACTORS: na 
prime; Racketdyne, and Thiakal, prapulsian. DESCRIPTION: THOR-AGENA 
with 3 strap-an salids; THOR liquid prapulsian, 172,000 Ibs. af thrust; each 


STATUS: Operatianal; used far NIMBUS and POGO and athers taa heavy 
far THOR, but nat heavy enough far ATLAS. 


TITAN II (GLV) (NASA}—CONTRACTOR: Aeraspace Carp., systems engi- 
neering & technical direction; Martin, prime. DESCRIPTION: Manned space 
boaster; Essentially Titan If with additian af redundant electrical pawer 
and flight cantral systems; malfunctian detectian system and radia cam- 
mand guidance. STATUS: Develapment; GT-2 (unmanned versian) ta be 
launched late this year. 


TITAN III (Air Farce Program 624A)—CONTRACTORS: Aeraspace Carp., 
systems engineering & technical directian; Martin, systems integratian; 
United Technalogy, large salid baasters; Martin, TITAN II vehicle; Aerajet, 
liquid engines; Martin, standardized upper stage; AC Spark Plug, guid- 
ance. DESCRIPTION: Quick-reaction vehicle far military spoce missians; 
will be used ta baast MOL/GEMINI B; Zera stage, twa 120-in. salid matars; 
first and secand stages, TITAN Ii (starable prapellants); third-stage stand- 
ardized vehicle ta be develaped; madified TITAN II guidance; paylaad, 
25,000 Ibs. in 100 nmi. arbit, 2,100 ta 22,300-mi. orbit; 5,000 ta escape. 
STATUS: Develapment; first flight Sept. 1 (T-IIIA) achieved primary and 
secandary abjectives, but failed to achieve arbit; next flight set far Jan- 
vary, 1965 (T-II-C); 17 develapment flights planned; five TITAN II core 
vehicles (A versian), 12 full TITAN III’s (C versian); aperatianal in 1966; 
an unmanned rated versian—TITAN III-X—being studied as mare cast/ 
effective baaster far satellite launches, : — 


ALFA (RUR-4) (Navy)—-CONTRACTORS: Navy, prime; Avca, frame; Na- 
val Prapellant Plant, prapulsian. DESCRIPTION: ASW, surface-ta-under- 
water; weight, 500 Ibs.; salid prapulsian; H.E. depth charge; range, 1,000 
yds.; guidance, free-flight. STATUS: Operatianal; deplayed an desrayers , 
and cruisers; being replaced by ASROC. . 


ANTI-SATELLITE WEAPON (Army/Air Farce)—CONTRACTORS: Baeing, 
AF pragram; Hughes, terminal guidance (IR), AF pragram; Dauglas, THOR 
and ZEUS vehicles and suppart services; A. D, Little, Operatians Analysis. « 
DESCRIPTION: Cansists af bath NIKE-ZEUS and THOR-AGENA w/terminal — 
stage programs; intercepts have been accamplished at “hundreds af — 
miles,” accarding to Secretary McNamara. STATUS: Operatianal accard- — 
ing ta DOD; however, majar partions af the AF pragram are uncampleted — 
ot the Jahnston Island test site. 
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_ ARM I (Navy)—CONTRACTORS: None onnounced. DESCRIPTION: Langer- 
range, smaller anti-radiation missile than SHRIKE for armament of F-1118 
and A-7ZA aircraft. STATUS: Advanced development. 


ASROC (RUR-5A) (Navy)—CONTRACTORS: Honeywell, prime; Sangamo 
Electric, sonar; GE, torpedo; Librascope-General Precision, fire control. 
DESCRIPTION: ASW, surfoce-to-underwater; weight, 1,000 Ibs.; solid 
propulsion; warhead, nuclear or conventional torpedo; range between 
1,800 yds. and 8 mi.; guidance, unguided. STATUS: Operational on DE, 
DD, DIG, & heavy cruisers; one “live’ weapon fired in 1962 Pacific nu- 
clear tests; extended range version in pre-program definition phase; ver- 
sion adaptable to TERRIER lounchers being developed. 


ASTOR (Mk-45) (Navy)—CONTRACTORS: Westinghouse, prime. DESCRIP- 
TION: Mark 45 ASW, underwater-io-underwater torpedo; weight, over 
2,000 Ibs.; solid propulsion; warhead, nuclear; range, about 11 nmi; 
guidance, wire. STATUS: In production; deployed on hunter-killer sub- 
marines, 


ATLAS (PGM-15) (Air Force)—CONTRACTORS: TRW Space Technology 
laboratories, systems engineering & technical direction; GD/Astronautics, 
frame; GE/Burroughs/Arma, guidance; Rocketdyne, prapulsion; GE/Avco, 
re-entry vehicle. DESCRIPTION: ICBM; weight, 266,000 Ibs.; liquid propul- 
sion; warhead, nuclear; range, 5,500-9,000 mi.; ATLAS “E” and “PF” series 
inertial guidance, ATLAS “D” radio inertial. STATUS: 13 squodrons op- 
erational at 11 bases; total number of missiles, 126; phaseout of ATLAS 
D’s begun; ATLAS Standard Launch Vehicle developed for AF space pro- 
grams; ATLAS launches from WTR being used in conjunction with ATHENA 
launches ot Green River, Utah, in on effort to develop scaling laws for 
re-entry bodies (Advanced 8allistic Re-entry Systems program). 
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BOMARC A (AIM-10A) (Air Force)—CONTRACTORS. 8o0eing, prime; I8M/ 
Westinghouse, guidance; Aerojet/Marquordt, propulsion. DESCRIPTION: 
Surface-to-air interceptor; weight, 15,000 Ibs.; liquid booster/ramjet pro- 
pulsion; warhead, nuclear; range, 200 n.mi.; guidance, command via 
SAGE; speed, MACH 2.5; ceiling, over 68,000 ft. STATUS: All A missiles ot 
five bases operational in northeastern U.S. to be phased aut by the end 
of 1965; production completed; costs $20 million per year to operate 
system. 


8OMARC B (AIM-10B) (Air Force)—CONTRACTORS: 80eing, prime; Gen- 
eral Precision Aerospace/Westinghouse/IBM, ‘guidance; Thiokol/Mar- 
quardt, propulsion. DESCRIPTION: Surface-to-air; weight, 16,000 lbs.; 
solid booster/ramjet propulsion; warhead, nuclear; range, more than 400 
n.mi.; guidance, command via SAGE; speed, Mach 2.7. STATUS: Three 
bases operational production completed; the 188 B models will be dis- 
tributed among the eight bases after the A model is phased out. 


BULLPUP (AGM-12 8 & C) (Navy-Air Force)——CONTRACTORS: Martin, 
systems cognizance; Maxson Electronics Co., production; AMF, liquid en- 
gine; Thiokol, solid propulsion; Naval Propellant Plant, solid propulsion 
(motor loading). DESCRIPTION: Air-to-surface; range, 3-6 mi.; guidance 
{visual reference), radio-link command..BULLPUP A: Solid propulsion; war- 
head, 250-Ib. H.E. BULLPUP B:pre-packaged liquid motor; warhead, 1,000- 
Ib. H.E. STATUS: BULLPUP A deployed with Atlantic ond Pacific Fleets; op- 
eratianal with U.S. Air Force & NATO units; training version (ATM-12) 
being procured by both services; being produced in Europe for NATO. 


CLOSE-SUPPORT ASSAULT WEAPON (Navy)—CONTRACTORS: Navy Bu- 
reau of Weapons and Johns Hopkins Applied Physics Lab, prime; United 
Aircraft Norden Div., guidance. DESCRIPTION: Ship-to-shore;! outside di- 
mensions compatible with TERRIER shipboard installations; solid propulsion; 
warhead, high explosive; range, 30-mi. minimum; guidance, inertial and 
terminal. STATUS: Corried as a fine item in FY ‘66° budget; funding to 
some degree dependent on results of guidance system flight tests at 
WSMR aboard SERGEANT missiles. 


CONDOR (AGM-53) (Navy)—CONTRACTORS: In-house, Naval Ordnance 
Test Station; RFP’s issued fo nine firms: Martin, Douglas, McDonnell, 
Hughes, NAA-Columbus, Northrop, Raytheon, Grumman & Bendix. DE- 
SCRIPTION: Air-to-surface; configuration classified. STATUS: Development; 
intended for use with Navy version of F-111. 


DAVY CROCKETT (M-3B8) (Army)—CONTRACTORS: In-house project di- 
rected by Army Weapons Command at Rock Island, Ill. DESCRIPTION: 
Surfaceto-surface; solid propulsion, bazooka-launched; warhead, sub- 
kiloton nuclear; guidance, free flight; two launchers—vehicle-mounted or 
carried by two men. STATUS: Operational in Eurape; $13 million provided 
in FY ‘64 budget; 3 per ROAD battalion; seen as defensive rather than 
offensive weapon to prevent overrun af Europe. 


ENTAC (MGM-32) (Army)—CONTRACTORS: Nord Aviation, prime. DE- 
SCRIPTION: Anti-tank; weight, 37 Ibs. with launcher; solid propulsion; 
warhead, shaped-charge H.E.; range, 6,600 ft.; guidance, wire-guided; 
man-portable, STATUS: Operational; procurement camplete; will be re- 
placed by TOW. 
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FALCON (AIM-4 A, C, £, F/26A/47A) (Air Force)—CONTRACTORS: 
Hughes, prime; Hughes, guidance; Thiokol, AIM-4/26 propulsion; Lockheed 
Propulsion, AIM-47 propulsion. DESCRIPTION: Air-to-air; weight (AIM-4/ 
47), more than 100 Ibs.—(AIM-26), more than 200 lbs.; range 5 n.mi.; 
supersanic; solid propulsion; warhead, H.E. (except for AIM-26); AIM-4A, 
and 4E, active radar homing guidance; AIM-4C, and 4F, IR haming; AIM- 
26 model has nuclear warhead and hybrid IR radar homing. STATUS: 
Operational;* buy-out, of 4E, 4F and 26 in FY ‘62; AIM-47 is the arma- 
ment for YF-12A (A-11).° 


GENIE (AIR-2A) (Air Force)—CONTRACTORS: Douglas, prime; Aerojet- 
General, propulsion. DESCRIPTION: Air-to-air; weight 800 Ibs.; unguided; 
solid propulsion; warhead, nuclear; range, 6 n.mi.; guidance, free flight; 
supersonic; proximity fuzing. STATUS: Procurement complete; operational 
on F-101B and F-106; improved version cancelled. 


HAWK (MIM-23A) (Army)—CONTRACTORS: Raytheon, prime; Raytheon, 
guidance; Aerajet-General, propulsion. DESCRIPTION: Surface-to-air; 
weight, 1,275 \bs.; solid propulsion; warhead, H.E.; range, 22 mi.; guid- 
ance, semiactive radar homing; 100-45,000-t. ceiling; provides defense 
against medium and low-flying aircraft and cruise-type missiles. STATUS: 
Operational; deployed in Europe, Panama, Okinawa, U.S. (13 battalions); 
bought by Sweden and Israel; R&D being conducted to adapt selected 
HAWK units to an anti-tactical ballistic missiles NATO producing; Japan 
also plans buy. 


HIBEX (ARPA/Army)—CONTRACTORS: Boeing, prime; Hercules and Aero- 
jet, propulsion. DESCRIPTION: Experimental program in high-energy pro- 
pellants; cane shaped missile; performance classified; solid propulsion. 
STATUS: Development; accelerations of 800 to 1,000 g’s goal; flight test 
program of 10 vehicles to be conducted at WSMR beginning late this year. 


HONEST JOHN (MGR-1) (Army)—CONTRACTORS: Douglas/Emerson Elec- 
tric, prime; Hercules, propulsion. DESCRIPTION: Surface-to-surface; weight, 
5,900 Ibs.; single-stage solid propulsion; warhead, nuclear; range, 12 mi. 
(M-31), 20 mi. (M-50); unguided. STATUS: Operational; M-50 being de- 
ployed in Europe; ta be replaced by LANCE; procurement complete. 


HOUND DOG (AGM-2B) (Air Force)—CONTRACTORS: North American, 
prime; Avutonetics, guidance; Prott & Whitney, propulsion. DESCRIPTION: 
Air-breathing air-to-surface standoff missile; weight, 9,600 Ibs.; turbojet 
propulsion; warhead, nuclear; range, about 600 n.mi.; guidance, all- 
inertial; ceiling in excess of 50,000 ft; Mach 2+. STATUS: Operational; 
to be launched from B-52G intercontinental bombers; procurement com- 
plete. 


LANCE (XMGM-52) (Army)—CONTRACTORS: Ling-Temco-Vought, prime; 
Systron-Donner, guidance. DESCRIPTION: Highly mobile general-purpose 
missile; very light weight; pre-packaged storable liquid propellant; war- 
head, nuclear and H.E.; range, 3-30 mi.; guidance, Automet inertial, one 
missile per launcher. STATUS: Large-scale development; eventually will re- 
place HONEST JOHN and LACROSSE and perhaps LITTLE JOHN; division 
support weapon; to use multi-system test equipment. 


LITTLE JOHN (MGR-3) (Army)—CONTRACTORS: Emerson Electric, prime; 
Hercules Powder, propulsion. DESCRIPTION: Surface-to-surface; weight, 
800 Ibs.; solid propulsion; warhead, nuclear; range, 10-mi.; unguided; 
supplements medium and heavy artillery in airborne divisions and air- 
transportable commands. STATUS: Two battalions activiated in 1961; each 
equipped with faur launchers; air and helicopter transportable; may be 
replaced by LANCE. 


M72 (Army)—CONTRACTORS: Hesse/Eostern Div., Flightex Fabrics, prime. 
DESCRIPTION: Light anti-tank rocket; weight, 4.5 lbs.; salid propulsion; 
warhead, H.E.; range, 500 yds.; guidance, free flight; carrier tube 
launcher; earlier called LAW. STATUS: Operational. 


MACE (MGM-13A, CGM-13B) Air Force)—CONTRACTORS: Martin, prime; 
Goadyear/AC Spark Plug, guidance, Thiokol/Allison, propulsion. DESCRIP- 
TION: Air-breathing surface-to-surface; weight, 18,000 Ibs.; turbojet and 
solid propulsion; warhead, nuclear and H.E., range, over 650 n.mi. (Model 
A), over 1,200 n.mi. (Madel B); guidance, Map-matching (A), Inertial (8). 
STATUS: Five MACE-A and one MACE-B squadron (in hard sites) deployed 
in Europe; two MACE-B squadrons on Okinawa in hard sites. 
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MAULER (MIM-46) (Army)—CONTRACTORS: GD/Pomona, prime; Hughes, 
guidance; Lockheed, propulsion; deHavilland, IR acquisition; Raytheon, 
radar; Burroughs, computer; FMC, carrier vehicle. DESCRIPTION: Surface- 
to-air; weight, 120 Ibs.; solid propulsion; warhead, nuclear, H.E.; guidance, 
IR acquisition; highly mobile anti-aircraft and anti-missile missile; tracked 
vehicle; 9 missiles per launcher. STATUS: Develapment; suffering serious 
packaging problems: Army postponing more advanced models until after 
feasibility validation program has determined if system can be saved. 
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Army)—CONTRACTORS: McDonnell Aircraft Co. and Army Missile 

ind, development of competitive approaches to Medium Anti-Tank/ 

Weapon requirement; Ford Instrument Co., gyro package for Army 

DESCRIPTION: Surface-to-surface; solid propellant; range, 500- 

Q yds.; shoulder-fired; McDonnell version wire-guided; Army version 

:wo-degree-of-freedom, free rotor gyro. STATUS: Exploratory Development; 

competitive approaches to be fired off against each other in Summer, 

1965, using a ZUNI test vehicle, and the best allowed to proceed inta 
full-scale development. 


MINUTEMAN (LGM-30) (Air Force)—-CONTRACTORS: TRW Space Tech- 
nolagy Laboratories, systems engineering and technical direction; Boeing, 
major contractor; Autonetics, guidance; Thiokol, first-stage propulsion; 
Aerojet, second-stage propulsion; Hercules, third-stage propulsion; Avco, 
re-entry vehicle. DESCRIPTION: 2nd-generation ICBM; weight, aver 65,000 
Ibs.; solid propulsion; warhead, nuclear; 3 stages; range, over 5,000 mi.; 
guidance, all-inertial, target selected in seconds; 32-sec. reoction time. 
STATUS: MINUTEMAN II flight-test program (36 shots planned) began 
Sept. 24; over 700 MINUTEMAN | now operational; 1,000 missiles through 
FY ‘65; advanced version can be fired by airborne command posts; de- 
ployed in hardened and dispersed silos; MINUTEMAN I! expected opera- 
tional 1965, to be co-located with MMI; also some of the II’s replace 
earlier models; MMII has greater accuracy and range/payload than | 
version. : 


NIKE-HERCULES (MIM-14B) (Army)—CONTRACTORS: Western Electric, 


prime; Western Electric, guidance; Hercules and Thiokol, propulsion; 


Douglas, airframe, DESCRIPTION: Surface-to-air, antiaircraft, tactical; 
weight, 10,000 Ibs.; solid propulsion; warhead, nuclear or H.E.; range, 75 
mi; guidance, command; Mach 3-+; ceiling in excess of 150,000 ft. 
STATUS: Over 80 batteries deployed in U.S. being turned over to No- 
tional Guard; over 10 N-H batteries deployed averseas; Japan plans 
additional procurement; being equipped with HIPAR, a high power acqui- 
sition radar, and anti-toctical-ballistic-missile capabilities. Re-location of 
some Hercules batteries under consideration by JCS. 


NIKE-ZEUS (XLIM-49) (Army)—-CONTRACTORS: Western Electric, prime; 
Bell Telephone, guidance; Thiokol/Lockheed, propulsion; Douglas, airframe, 
DESCRIPTION: Antimissile missile, 3-stage; weight, 22,800 lbs.; solid pro- 
pulsion; warhead, nuclear; range, 200-mi.; guidance, command; length, 
4B ft.; diameter, 36 in.; fin span, 10 ft. STATUS: Missile is now part of 
NIKE-X missile “mix”; development, except as part of X, has ended; no 
intercept “failure” in more than a year of tests. 


NIKE-X (Army)—CONTRACTORS: Western Electric, prime; Bell Telephone, 
guidance; Thiokol, ZEUS propulsion; Douglas, ZEUS airframe; Martin 
Marietta, SPRINT missile prime; Hercules and Lockheed, SPRINT propul- 
sion, DESCRIPTION: Successor to ZEUS os an anti-ICBM system; uses a 
mix af ZEUS/SPRINT missiles and multi-function array radar (MAR). 
STATUS: Engineering development; funded at $334 million in FY '65 on 
accelerated development schedule, but deployment still deferred; tests to 
be conducted late this year with MAR at WSMR, New Mexico, could pro- 
vide basis for deployment decision; deployment cost: $12-20 billion. 


PERSHING (MGM-31) (Army)—CONTRACTORS: Martin, prime; Bendix 
guidance; Sperry Farragut, fuzing and aiming; Thiokol, propulsion. DE- 
SCRIPTION: Surface-to-surface; weight, 10,000 Ibs.; two-stage solid pro- 
pulsion; worhead, nuclear; range, approx. 400 n.mi.; guidance, inertial; 
transported on FMC M474 tracked vehicles; replaced REDSTONE. STATUS: 
Flight test program completed; troop firings from Ft. Wingate, N.M., to 
White Sands being conducted; number of launches per unit to be in- 
creased; West Germany organizing two bottolions; first U.S. PERSHING 
battalion deployed to Germany in April. 


PHOENIX (AIM-54) (Navy) CONTRACTORS: Hughes Aircraft Co., prime; 
Rocketdyne, propulsion. DESCRIPTION: Air-to-missile for use with the F-IIIB 
fighter aircraft; each aircraft will be oble to carry six missiles, STATUS: 
Development. 


POLARIS (UGM-27 A, B, C) (Navy)}—CONTRACTORS; Lockheed, prime; 
GE/MIT/Hughes/Honeywell/Raytheon, guidance and fire control; Aerojet- 
General/Hercules, propulsion; Lockheed, re-entry vehicle; Nortronics, check- 
out; Autonetics/Sperry, SINS; Westinghouse, launching equipment; Vitro, 
systems engineering coordination and training; Systron-Donner, ignition 
programming. DESCRIPTION: Underwater- and surface-to-surface; weight, 
30,000 Ibs.; salid propulsion; warhead, nuclear; range, 1,200 n.mi. (A-1), 
1,500 n.mi. (A-2), 2,500 n.mi. (A-3); guidance, all-inertial, STATUS: 17 
subs operationol each with 16 missiles; A-1 aboard first five submarines; 
A-2 aboard subs 6-1B; A-3, operational in August, 1964, aboard subs 
19-41; tatal of 41 POLARIS subs authorized; deployed in Atlantic and 
Mediterranean; Pacific deployment to begin by end of year; British to 
buy A-3 missiles from U.S. B-3 program definition included in FY ‘65 
budget; missile for NATO MLF surfoce force concept. 
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QUAIL (ADM-20C) (Air Force)—CONTRACTORS: McDonnell, prime; a 


Donnell Electronics, guidance; GE, propulsion; Thompson Ramo Wooldridge, 
ECM equipment. DESCRIPTION: ECM-carrying decoy which simulates B-52 
bomber to enemy radar; turbojet powered; range, 250 mi.; guidance, 
gyroscopic autopilot. STATUS: Deployed at SAC bases; carried by B-52; 
procurement completed FY ‘63; advanced version with 400-mi.-range has 
been flight tested. 


REDEYE (MIM-43) (Army)—-CONTRACTORS: GD/Pomona, prime; Hughes, 
IR seeker; Atlantic Research, prapulsion. DESCRIPTION: Surface-to-air; 


weight, 22 lbs.; solid propulsion; warhead conventional; guidonce, IR- 


homing; length, 44 in.; diameter, 2.75 in, STATUS: Development ta con- 
tinue Congress denied. FY ‘65 procurement request; tests against helicop- 
ters and jets at NOTS successful. 


REGULUS { (RGM-6) (Novy)--CONTRACTORS: Ling-Temco-Vought prime; 
Sperry, guidance; Allison, propulsion. DESCRIPTION: Surface-to-surface; 
weight, 14,000 lIbs.; turbojet ond salid propulsion; worheod, nuclear: 
range, 500 n.mi.; guidance, inertial; speed, about 600 mph; ceiling, 
approx. 40,000 ft. STATUS: Five REGULUS subs with 17 missiles are opera- 
tional now; 3 subs (8 missiles) will be phased aut in FY ’65. 


SERGEANT (MGM-29A) (Army)—-CONTRACTORS: Sperry Utah, prime; 
Sperry, guidance; Thiokol, propulsion, DESCRIPTION: Surface-to-surface; 
weight, 10,000 Ibs.; solid propulsion; warhead, nuclear; range, over 75 
n.mi.; guidance, inertial; uses drag brakes. STATUS: Operational; procure- 
ment complete; deployed in Europe; replacement for CORPORAL; West 
Germany buying system. 


SHILLELAGH (MGM-51A) (Army)-—-CONTRACTORS: Philco Aeronutronic, 
prime Picatinny Arsenal/Amoco Chemicals Corp., propulsion; Aeronutranic, 
guidance, DESCRIPTION: Surface-to-surface; lightweight; solid propulsion; 
warhead, nuclear or H.E.; guidance, command; vehicle-mounted for use 
against field fortifications, armor and for close-in support of troops. 
STATUS: Initial procurement in FY ‘65; to use multi-system test equipment; 


engineering development stage began in FY ‘64; to be installed an Gen.. 


Sheridan assault vehicle; olso being considered for use on helicopters... 


SHRIKE (AGM-45A) (Navy)—-CONTRACTORS: Naval Ordnance Test Sta- 
tion-China Lake, prime; Texas Instruments, guidance and control; North 
American Rocketdyne (McGregor), propulsion, DESCRIPTION: Air-to- 
surface, anti-radar; solid propulsion; guidance, passive radar homing. 
STATUS: Operotional; ormoment for Navy and Air Force toctical aircraft. 


SIDEWINDER t-C (AIM-9D) (Navy, Air Force)—CONTRACTORS: Naval Ord- 
nance Test Station, technical direction; Phileo, guidance; Naval Ammuni- 
tion Depot, McAllister, motor loading; Rocketdyne (McGregor), propel- 
lant. DESCRIPTION: Air-to-oir; weight, about 155 Ibs.; solid propulsian; 
warhead, H.E.; range, more than 2 mi.; guidance, IR. STATUS: 1A de- 
ployed with Navy ond Air Force; 1-C version being procured as replace- 
ment for 1A; NATO-built version now in production. 


SPARROW III-6B (AIM-7E) (Navy)—-CONTRACTORS: Raytheon, prime; Ray- 
theon, airfrome, control, guidance; Aerojet-General/North American Rock- 
etdyne (McGregor), propulsion; McDonnell/Benrus Watch Co., launcher. 
DESCRIPTION: Air-to-air; weight, 350 {bs.; solid propulsion; warhead, 


conventional; range, 5-B mi.; guidance, semi-active CW homing; Mach _ 


2.5-3; ceiling, over 50,000 ft. STATUS: Earlier models operational with 
carrier aircraft; SPARROW III-6B prime armament for Phantom II (F-4B) 
and other high-performonce interceptors; British F-4 buy expected to 
include SPARROW missiles. 


SPRINT (Army)—CONTRACTORS: Martin-Orlando, prime; Hercules Pow- 
der/lockheed Propulsion Co., propulsion; Bell Telephone Laboratories, 


guidance. DESCRIPTION: High-acceleration missile far low-altitude inter- — 


ception of ballistic missiles; nuclear; missile will be popped out of silo 
before motor is ignited; to be part of the missile mix in a NIKE-X battery. 
STATUS: Development; SQUIRT vehicle to be used to test materials and 
components for SPRINT at White Sands Missile Range; pop-up tests to 
prove silo ejection concept and mechanism under way at Martin Orlando 
plant. 


SRAM (Air Force}—CONTRACTORS: None selected. DESCRIPTION: Air-to- 
surface defense-suppression missile for use with the B-52 or the Advanced 
Manned Strategic Aircraft, STATUS: Advonced development. 


STANDARIZED MISSILE (Navy)—CONTRACTORS: None announced. DE- 
SCRIPTION; Fleet air-defense missile to replace TARTAR-TERRIER and give 
Navy a single missile to perform both missions; longer-range targets 
would be engaged by adding a booster to the shorter-ronge weapon; 
similar to the homing TERRIER now being procured. STATUS: Development; 
expected to be procured initially in 1967-6B. 
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SUBROC (UUM-44A) (Navy)—CONTRACTORS: Novol Ordnonce Lobora- 
tory, technical direction; Goodyear, prime; General Precision Aerospace, 
guidonce; Thiokol, prapulsion; General Precision Libroscope, fire control. 
DESCRIPTION: Underwater-air-underwoter antisubmorine missile depth 
bomb; solid propulsion; warheod, nuclear; weight, 4,000 Ibs.; length, 21 
ft.; diometer, 21 in.; ronge, 25-30 mi.; guidance, inertial, STATUS: Pro- 
duction scheduled for installation in Thresher-class subs; operational evolu- 
otion under way. 


$$-10 (Army)—CONTRACTORS: Nord Aviation, prime; GE, U.S. licensee. 
DESCRIPTION: Surfoce-to-surface, ~primorily ontitank; weight, 33. Ibs.; 
solid propulsion; warhead, canventional; range, 1,600 yards; wire guided. 
STATUS: Operationo! with U.S., French ond other NATO ond Western 
units; bottle-tested in North Africo; U.S. replacing with ENTAC. 


$S-11 (Army)—CONTRACTORS: Nord Aviation, prime. DESCRIPTION: 
Surfoce-to-surface ontitonk, olso helicopter-to-surfoce; weight, 63 Ibs.; 
salid propulsion; wire guided; warheod, conventional; range, 3,800 yds. 
STATUS: Operationol, to be used with oirborne units ond Army heli- 
copters. : 


TACTICAL PROBE (Novy)—CONTRACTORS: 8endix, prime: DESCRIPTION: 
Surfoce-to-oir; multiple, interchangeable poyloods far eoch mission; 
boaster, TERRIER or TALOS from shipboord instollations; high-impulse 
secand stoge; ronge, 50-300 mi.; porochute descent. STATUS: Progrom 
definition; o new study has been outhorized, and is under way, to 
evolve a cheoper progrom. 


TALOS (RIM-8E) (Navy)—CONTRACTORS: 8endix, prime; Vitro, systems 
engineering; McDonnell/ Hercules Allegony Bollistics Lob,, propulsion; 
Sperry, guidance; GE, launching geor. DESCRIPTION: Ship-to-air; weight, 
7,000 Ibs.; solid ond romjet propulsion; warhead, nucleor; ronge, 65 n.mi.; 
guidance, radar beam riding/semi-active homing; Mach 2.5. STATUS: 
Operational oboord cruisers Galveston, Little Rock & Oklahoma City ond 
three Albany-class DEG’s; Long Beach, nucleor-powered cruiser, hos od- 
vonced TALOS; “3-T” get-well program increosing reliability. 


TARTAR (RIM-248) (Navy)—CONTRACTORS: Vitro, systems coordinotion 
engineering; Applied Physics Lab, design and development; GD/Pamono, 
ossembly ond test; Roytheon, guidance; Aerajet-General, propulsion 
(motor looding); Sperry Forragut, fuze (torget detection device), DE- 
SCRIPTION: Ship-to-air; weight, 1,500 Ibs.; solid dual-thrust motor; war- 
head, conventionol; ronge, 10 n.. mi.z; guidance, beom-riding; Moch 2. 
STATUS: Operotionol; installed oboord 27 guided missile destroyers and 


one cruiser equipped with TALOS; get-well progrom progressing satisfac — 


torily; CVA Kennedy will alsa have TARTAR. 


TERRIER (RIM-2E) (Navy)—CONTRACTORS: Vitro, systems engineering; 
GD/Pomona, prime; GD/Pomono, guidance section; Sperry, rodor; 
Hercules Allegany Ballistics Laborotory, propulsion; Northern Ordnonce, 
launching gear. DESCRIPTION: Ship-to-oir; weight, 3,000 {bs.; 27 ft. long; 


solid propulsion; warhead, conventional; range 10 n.mi.; guidonce, rodar 
beam-riding or homing; Moch 2.5. STATUS: Operational aboord two 
attack carriers, 6 cruisers, and 12 missile frigates; get-well progrom 
progressing satisfactorily. 


TITAN 1 (HGM-25A) (Air Force) CONTRACTORS: TRW Space Technology | 
Loboratories, systems engineering and technical direction; Martin, prime; 
Bell/Sperry, guidance; Aerojet-Generol, propulsian; Avco, re-entry ve- 
hicle. DESCRIPTION: ICBM; weight, 220,000 Ibs.; LOX/RP-1 fueled; wor- 
head, nuclear; range, 5,000 mi.; guidance, rodio inertiol; 90 ft. long; 2 
stages. STATUS: Operational; 54 missiles ot 5 boses. 


TITAN 11 (LGM-25C) (Air Force)—CONTRACTORS: Martin, prime; TRW 
Space Technology Laboratories, system engineering and technical direction; 
AC Spark Plug, guidance; Aerojet-General, propulsion; GE, re-entry vehi- 
cle. DESCRIPTION: ICBM; weight, 330,000 Ibs; N2O, and Aerozine-50 
storable fuels; worheod, nuclear; ronge, over 5,000 mi.; guidonce, inertial; 
115 ft. long; 2 stages; greotest payload and ronge of any U.S. ICBM; 
basic care vehicle for TITAN til booster. STATUS: All 54 missiles opera- 
tional; one squadron (18 missiles) operotionol at Davis-Monthon AFB; one 
(18 missiles) at McConnel AFB and one (18 missiles) at Little Rock AF8. 


TMRBM (Air Force) CONTRACTORS: None announced but likely to be 
the same team producing the second ond third stages of MINUTEMAN II. 
DESCRIPTION: A transportable mid-range missile to fill the gap left by 
cancellation of MMRBM; it would use the top two stages of MM II and 
the MM II guidance system; would weigh more ond be less mobile than 
MMRBM, but cauld be developed for approximotely one-third the cost; 
reaction time also Jess than MMR8M‘s; employment concept much the same 
os thot of the Russian-deplayed missiles in Cuba in 1962. STATUS: Study 
by the Air Force ot DDR&E direction; results to be presented late this 
month or early December; could be opproved, on a contingency basis, 
in FY ‘66 budget. ‘ 


TOW (Army)—-CONTRACTORS: Hughes, prime. DESCRIPTION: Antitank; 
weight, 160 !bs.; solid propulsion; worhead, H.E.; wire guided; opticolly 
trocked; tubelaunched. STATUS: Development; follow-on to ENTAC; firings 
being conducted ot Army Missile, Command. 


WALLEYE (Navy)—CONTRACTORS: Navol Ordnance Test Stotion-China 
Lake. DESCRIPTION: Guided air-to-surface bomb; weight, 1,000 Ihbs., 
equipped with movoble fins; prapulsion type, none; warhead, high- 
explosive; range, several miles; guidance, TV contrast homing guided by 
pilot. STATUS: Engineering development; industry invited ta bid an 
production of missile. 

RS 


ZUNI (Navy)—-CONTRACTORS: Naval Ordnance Test Station, prime; 
Hunter-Douglos, propulsion. DESCRIPTION: air-to-surface; weight, 107 Ibs.; 
solid propulsion; warhead, conventionol; range, 5 n.mi.; unguided; 
STATUS: Operotional; designed for use on jet fighter and attock oircroft. 


ORDER REPRINTS OF THE ASTROLOG FROM: 


Research Department 
Missiles and Rockets 
1001 Vermont Avenue, N.W. 
Washington, D. C. 20005 


Price: 35 cents per copy. Payment must accompany order. 


The M/R Astrolog is a feoture of American Aviotion Publicotions, Inc. 
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Think of the best buy you ever made in accelerometers. 
It was probably the Donner 4310. (We've built more than 
12,000 to date.) Now think of anew accelerometer 
one-third the size, and two-thirds the weight with all the 
good specs of the Donner 4310 plus the virtue of 
withstanding 35 G’s vibration and 200 G’s shock. 

That’s something to think about. It’s the new 

S-D 5410 Non-Pendulous Accelerometer. 

You write, we'll send full details. 


Actual Size 
Weight: 3 ounces 


Systron-Donner’s New Non-pendulous Accelerometer Model 5410 features high output, high resolution and high accuracy 
in environments of high acceleration, shock and vibration. A pure translational accelerometer which meets or exceeds all 
pertinent MIL specs, the 5410 achieves exceptionally rugged performance through use of a non-pendulous flexure suspended 
seismic mechanism. This new accelerometer is specified and qualified for the SATURN V Program. 


SYSTRON —_S > DONNER 


CORPORA THtION 
888 Galindo Street * Concord, California 


Circle No. 7 on Subscriber Service Card 


pio soem 
) ®PHYB 


et eaneta vote 


*o) 


SPECIAL 
REPORT 


ROCKETS 


Hybrid Concept Developing Rapidly 
Toward Goal of Tripropellant Engine 


Several U.S. firms are finding solutions to major problems still 
blocking exploitation of hybrid advantages; French report progress 


HYBRID PROPULSION systems 
soon will be a major contender for a 
wide variety of space and military mis- 
sions and may prove to be the key to the 
ultimate in chemical propulsion—the 
tripropellant rocket. 

At least four major propulsion firms 
have scored significantly in the two 
major problem areas in hybrids— 
achieving high performance and attain- 
ing efficient throttleability. Industry ex- 
perts are convinced the technology is 
ready to move into flight development 
programs. 

As usual, the major customers are 
somewhat more conservative—but they 


by John F. Judge 


all admit that industry does “have a 
handle” on the problems. 

The hybrid rocket (see accompany- 
ing box) or solid-liquid engine is an old 
concept; a significant amount of work 
was done in this area during the 1950's 
in the United States. The prime mover 
was the Naval Ordnance Station at 
China Lake, Calif., which actually flew 
a first-generation hybrid—although the 
device was not a true hybrid. 

The biggest single advantage of a 
hybrid is its ability to use reactions 
denied to other propulsion systems. 
Many propellant combinations having 
optimum performance require reactions 


CONTROL VALUE 


LIQUIO OXIDIZER ” 
GENERATOR 


A HYBRID ENGINE consists 
of a liquid oxidizer, a solid fuel and 


associated hardware. In its basic 
form, the liquid oxidizer is valved 
into a chamber containing the solid 
grain. Ignition is usually hypergolic. 

Neither of the propellants will 
support combustion by themselves in 
a true hybrid rocket. The solid-fuel 
portion resembles a solid rocket in 
that the combustion chamber is 
within the solid grain. The liquid 
section is similar to tankage and 
pumping elements in a liquid rocket. 
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This type of hybrid is sometimes 
called the forward hybrid to distin- 
guish it from a reverse hybrid, which 
has its oxidizer in a solid state and 
the fuel in a liquid form. The re- 
verse hybrid is a special case. 

In the forward hybrid, the liquid 
oxidizer is injected into the solid 
fuel area. Ignition takes place on 
contact with the solid grain if the 
propellant system chosen is hyper- 
golic. There is then a combustion 
process down the length of the solid 
grain and the products are exhausted 


between solids and liquids. This potential 
alone was deemed sufficient to keep 
funding the concept, even though other 
propulsion systems moved rapidly into 
operational use over the last 10 years. 

A second hybrid advantage is that 
high-density specific impulse can be 
achieved with concurrently good Isp. 
Specific impulse values of well over 300 
(1,000/14.7, shifting equilibrium) can 
be reached with well-known oxidizers 
and fuels. 

High-energy propellant systems raise 
this level much higher. 

The third great advantage is safety— 
both in processing and in field use. 


through a nozzle creating thrust. 

There are no unique components 
in a hybrid. The injection methods 
and patterns are the same as those 
for liquid rockets. The combustion 
chamber is similar to a normal solid 
rocket where the grain acts as in- 
sulation. Nozzle systems and thrust 
vector control methods are similar 
to the other classical reaction engine 
families. 

Thrust termination and restart is 
accomplished in the simple hybrid 
by shutting down and re-opening the 
oxidizer flow system. Variable thrust 
is usually instigated by varying the 
flow of the liquid oxidizer | 
solid fuel chamber. 

This is the basic hybrid and all 
of the above operations are standard. 
The technical problems with the sys- 
tem in achieving performance levels 
competitive with solids and liquids 
are somewhat more complex. 


ine 
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ition of the reactants makes fire, 

than explosion, the primary haz- 

and lessens the need for extensive 
fety control procedures. 

The fuel grain can be as inert as a 
rubber tire. Normal grain defects do 
not affect performance, since the quan- 
tity of combustion gases produced is 
limited by the quantity of injected liquid 
and not by the total exposed area of the 
solid. 

A double malfunction—excess liquid 
plus a badly cracked grain—would be 
required to produce a pressure surge in 
a hybrid. A mechanism for detonation 
propagation does not exist. 

All of these advantages contribute 
to an inherent high reliability. 

® Europe leading?—The hybrid 
rocket is the one area in which foreign 
technology may pass that of the U.S.— 
if it has not already done so. The 
French are known to be active through 
their Office National D’Etudes et de 
Recherches Aérospatiales (ONERA). 

ONERA specialists launched a 6.25- 
in.-dia. hybrid from the range at Ile 
du Levant on April 25, 1964. The thrust 
was varied over a 5 to 1 ratio during 
the flight. 

Most of the French work so far 
made public has been described by M. 
Barrére, A. Moutet and Maurice Pugi- 
bet, all of ONERA, in various papers 
presented at International Astronautic 
Congresses. 

Barreére’s analysis of the specific-im- 
pulse advantages, flexibility and density 
potential is in general agreement with 
that of U.S. specialists. 

® Specific impulse—Storable liquid- 
propellant systems are in the 320-sec. 
Isp range, according to Barrére. This 
level can be raised significantly through 
the use of fluorine derivatives as the 
oxidizer and the introduction of metals 
or metal hydrides into the fuel. 

The metals and the metal hydrides 
are solids; their use in a liquid medium 
results in gels or emulsions. These 
thixotropic suspensions pose problems 
in stability and flow and also limit 
the amount of metal additives. The 
percentage of metal additives is directly 
related to maximum performance. 

Barrere says the maximum Isp in a 
high-energy storable liquid system is 
about 360 seconds—an increase of 40 
seconds over the best non additive sys- 
tem. 

The solid rocket is also a storable 
powerplant and its basic Isp is in the 
300-second area. Again, metal additives 
can raise this significantly, and there 
is no limit to the amount of additives 
involved. Barrére claims, and most U.S. 
experts agree, that a gain of 25 seconds 
can be achieved with a standard solid 
composition by adding an alloy of 
lithium and beryllium. Of course, many 
special compositions developed in classi- 
fied U.S. programs may have specific im- 
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PROPELLANT COMPOSITION 


Ammamium 
perchlarate 
Al + plastic 


Present 
267 | 455 
Ammonium 
perchlorate 
LiBe+ plastic 
HNO3 —DMH 
HNO3 —N2He 
N204 —DMH 
N204 —N2H4 
H202 —-DMH 
H202 —N2H4 


Cl03F —N204 


290 
276 | 
283 
285 
292 
278 
282 
295 
306 
312 
294 


Present 


LIQUID 


N204 —BsHy9 
H202 —BsHy 
CIF3 —N2H4 


H202—Al + 
plastic 


HNO: — Al + 
plastic 


289 


Present 
273 


295 
293 

7" 318 | 

| 351 | 530 


375 | 566 


NO2CI04—N2Hs | 
CIFa —LiH 

CFs —Li 

N204 —BeH2 


Future 


HYBRID 
369 


H202 —BeH2 


TABLE I—Barrére’s listing of Isp and 
density impulses of storable propellants 
under standard conditions. 
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pulses in excess of this. 

In any event, Barrére says, it would 
be difficult to exceed an Isp of 360 
seconds in a space environment with 
either storable liquids or solid propel- 
lants. 

The hybrid, however, can exceed 
these values by a significant amount. 
Table I, prepared by Barrére and pre- 
sented to the 14th International As- 
tronautical Congress in Paris in Sep- 
tember, 1963, illustrates the theoretical 
Isp under standard conditions. 

Most of the promising fuels—such 
as the metal hydrides or reactive metals 
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PROPELLANT COMPOSITION 


O2—-Ha2 
O2 —N2Hs 
F2—H2 


LIQUID 


“F2—NaHa 
O2-F2 -DMH 
F2 —LiH 
“F2-O2 —plastic 
HYBRID F2 —BeH2 
O2 —BeH2 
F2 —AlH3 


TABLE I1—Impulse data on cryogenics as 
compiled by Barrére. Propellants in both 
tables are in use in U.S. for hybrids. 
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embedded in plastic—are solids. The 
best storable oxidizers are liquids. The 
ideal combination is in the hybrid sys- 
tem. 
The highest specific impulses are 
reached through reactions involving 
cryogenic propellants. Barrére’s data in 
the accompanying Table II compares 
cryogenic hybrids—where the liquid is 
in the cryogenic state—and normal 
cryogenic all-liquid systems. 

®@ Historic problems—The French 
cite only the hybrid’s advantage in 
thrust modulation, but this area has been 
the major problem in development of 
hybrids. Throttling is keyed to per- 
formance and the entire problem is 
integral with combustion phenomena in 
the hybrid. 

There were four major blocks to ef- 
fective development of the hybrid. 
These were poor fuel utilization, low 
combustion efficiency, low burning or 
regression rates in the fuel, and a sig- 
nificant loss of performance in throt- 
tling. 

All of these are within the combus- 
tion area. The principal route to their 
solution has been in understanding the 
hybrid combustion process. Industry 
spokesmen say they have solved these 
problems. The customers agree that the 
approaches look valid, but they insist 
on more definitive data. 

Combustion work in hybrids is ex- 
tensive. Hybrids may be the first propul- 
sion concept to reach operational use 
because there is a basic understanding of 
the combustion mechanism. 

@ Industry angle—Four propulsion 
firms have a vested interest in hybrids— 
United Technology Corp., Reaction 
Motors Division of Thiokol Chemical 
Corp., Aerojet-General Corp. and Lock- 
heed Propulsion Co. The technology of 
the first three is described in detail 
later in this report. 

Lockheed Propulsion’s hybrid rocket 
development is under contract to the 
Army. Most of the work is classified, 
but Jerry Makepeace, vice president and 
Technical Director of LPC, says hybrids 
will be selected for certain missions in 
the future. 

“YT don’t think you can make any 
hard statements about hybrid use right 
now,” says Makepeace. “With hybrids, 
we are not talking about any kind of 
massive breakthrough—such as com- 
paring atomic energy with chemical. 
Hybrid advantages show up only for 
specific applications and purposes. 

“Since the hybrid state of the art is 
nowhere near as far along as liquids 
and solids,” continues Makepeace, “it is 
not surprising to me that no unique and 
tremendous advantages for hybrids have 
yet appeared for any specific application. 
But I think they will and I think they 
will be incremental.” 

The Rocketdyne Division of North 
American Aviation is now working on 
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some aspects of hybrids under Air Force 
funding. But the general feeling here is 
one of skepticism. 

“In general it is fair to say that we 
see applications of the hybrid as being 
somewhat limited.” says a Rocketdyne 
spokesman. “In other words, where- 
ever we see an application for a hybrid, 
we can generally see either a liquid or a 
solid rocket that does just about as well.” 

If the concept is used at all, Rocket- 
dyne specialists predict, high-density hy- 
brids and those using fairly available 
propellants are the most likely candi- 
dates. 

Rocketdyne’s in-house work is quite 
limited. Although it has been in progress 
for some time the current effort is not 
very large. No direct work is now being 
carried out except in the peripheral area 
of combustion. 

The only other major propulsion 
firm is Hercules Powder Co., where 
work in hybrids ceased about a year ago. 
Hercules developed an operating hybrid 
several years ago, but the technology 
in general is on the shelf at the Wilming- 
ton, Del., firm. 

Dr. Lyman G. Bonner, Director of 
Development, Chemical Propulsion 
Div., told MISSILES AND ROCKETs that 
while actual development work has 
ceased, Hercules is competent in the 
field. The status quo at Hercules is 
subject to change at a moment’s notice 
should the customers evince adequate 
interest in hybrids. 

@ Applications—There are as many 
potential applications for tailored hy- 
brids as there are mission propulsion re- 
quirements. D. D. Ordahl of United 
Technology specifically mentions atti- 
tude control, space propulsion and large 
boosters. 

The stop/start ability of hybrids in 
any form makes them particularly ap- 
pealing in attitude control applications. 
Any combination of propellants can be 
used, including those aboard for other 
propulsion means. 

In space engine use, the hybrid can 
be designed to a fairly high specific im- 
pulse—the main requirement in this 
area. But there are other needs, such 
as long-term storability with frequent 
intermittent operation and very precise 
impulse control or modulated thrust. 

Taken together, these needs can best 
be met by a reliable hybrid—which pro- 
vides the added advantages of multiple 
thrust units and efficient packaging in 
odd-shaped spaces. 

In the large booster area, hybrids 
can show an Isp increase of some 20 
to 40 seconds over conventional solids. 
Such a booster would be competitive 
with storable liquids on a specific-im- 
pulse basis. Where a volume restriction 
exists, it would be superior. 

@ Hybrid market problems—There 
are, as usual, four major customers for 
the hybrid propulsion concept—NASA, 
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Air Force, Navy and Army. All have 
funded the technology in one form or 
another, with the Navy having the 
longest history of involvement. Alli have 
existing contracts with industry. 

The military work is all classified, but 
there is no indication that any of the 
funded hybrid effort includes a develop- 
ment and flight-test program. Total fund- 
ing is in the $3-5-million range, and this 
is augmented by in-house programs at 
UTC, RMD and Aerojet. 

The breakdown excludes the Army, 
since work for that service, funded out 
of the missile arm at the Redstone Ar- 
senal, is completely classified. 

NASA has one contract with UTC 
on a variable-thrust hybrid engine and 
another, out of the Marshall Space 
Flight Center, involves Aerojet-General 
in studies of auxiliary propulsion on 
Saturn-class vehicles. 

The general feeling at NASA is that 
hybrids have not yet satisfactorily dem- 
onstrated reliable combustion efficiency 
and fuel utilization in the throttling 
mode. Robert W. Ziem, Solid Pro- 
pulsion Technical Chief, says he is 
not satisfied that the basic combustion 
problems are solved. But Ziem is quite 
optimistic about the progress of tech- 
nology. 

He feels that the state of the art is 
“getting in shape” and another year of 
work in the problem areas should put 
the hybrids in line for mission programs. 
NASA will continue to fund the tech- 
nology; the annual level of funding is 
expected to climb to around $0.75 
million. 

In general, says Ziem, hybrids are 
promising, especially for space applica- 
tions. In addition, the hybrid leads di- 
rectly into the tripropellant area. 

The Air Force is by far the most 
optimistic of the services in hybrid 
work. Dr. Leon Green of the Research 
and Technology Division says the con- 
cept will probably be funded on a flight- 
program basis in Fiscal Year 1967. 

Air Force optimism is directly re- 
lated to its success with current con- 
tracts—especially the work at UTC. 
This service usually puts a premium on 
high performance, with somewhat less 
emphasis on other aspects such as han- 
dling and the field environment. The 
Air Force will continue the present work 
at about the same levels of funding. 

The Navy is the hybrid’s roughest 
customer. The mission and supporting 
system limitations are particularly severe 
—more so than those of any other 
service. At the moment, the Navy has 
contracts with Reaction Motors on a 
reverse hybrid, and two programs at 
Arojet-General. 

Two of these efforts will not be 
continued—the reverse hybrid at RMD 
and an engineering program at Aerojet- 
Sacramento. Funding of the propellant 
work at Aerojet-Von Karman Center 


will continue. 

In spite of these actions, the Navy 
is maintaining an open mind on hybrids. 

The curtailment of activity arises 
from a scarcity of development funds 
and the fact that no hybrid system has 
yet demonstrated enough of a perform- 
ance increase with respect to liquids 
and solids to warrant a Navy effort 
right now. 

Navy spokesmen emphasize to M/R 
that hybrids have not been dropped. 
Propellant work—the area which will 
lead to a pay-off in terms of perform- 
ance and mission use—will be sup- 
ported. The Navy’s action is more an 
interim judgment than a final one, and 
the door will still be open when hybrids 
reach a level of development compati- 
ble with the Navy’s needs. 

The Advanced Research Projects 
Agency in the Dept. of Defense has been 
the primary source of research funds 
into propellants and the combustion 
work on hybrids. ARPA does not have 
any direct interest in hybrids, since all 
of its programs have been transferred 
to the various services. Some basic work 
in oxidizers remains, but this will be 
phased out into the services by 1965. 

© Tribrids—The ultimate in chemi- 
cal propulsion performance is an engine 
with the highest possible combustion 
zone temperature coupled to an exhaust 
stream with the lowest possible molec- 
ular weight. 

Granting that the ideal use of high- 
energy propellants is in a liquid/solid 
rocket (taking advantage of the physical 
state of the propellants) the next step is 
to lower the molecular weight. 

High temperature is usually reached 
by burning a metal in the fuel. Barrére 
of ONERA lists beryllium, lithium, 
boron and aluminum as the most prom- 
ising metals. Low molecular weight is 
achieved by bringing hydrogen into the 
system. 

Calculations show that the optimum 
Isp is achieved when about 10 hydro- 
gen atoms are available for each metal 
atom. Chemical synthesis of such prod- 
ucts is just not possible. 

The solution is a tripropellant system 
—with one element being liquid hydro- 
gen. The system would contain a liquid 
oxidizer, cryogenic or storable; a solid 
fuel containing a high proportion of 
metal or metal hydride additives; and, 
finally, hydrogen. 

Essentially, this is using a hybrid 
rocket with a high flame temperature 
to heat hydrogen—an approach similar 
to the thermonuclear rocket. Héléne 
Moutet and Maurice Pugibet of 
ONERA are experimenting with such 
systems. 

The potential of this route is rec- 
ognized at NASA, but there are no un- 
classified tripropellant/hybrid programs 
in the U.S. at the moment. a 
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UTC RESEARCHERS use this hybrid wind tunnel in combustion studies. Grain is simulated by a pair of porous plates above and 
below the window. Combustion flow and mixing phenomena can be studied under a host of operational variables. 
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SUNNYVALE, CALIF.—The striking 
aspect of the hybrid rocket work at 
United Technology Center is the in- 
tense drive into the fundamentals of 
the combustion processes involved in 
such propulsion schemes. 

The United Aircraft Corp. division 
decided three years ago to approach 
hybrids from this angle after studies 
funded by the Advanced Research Proj- 
ects Agency led to the conclusion that 
no real solution to any of the recog- 
nized difficulties in the development of 
such engines would be achieved without 
understanding the combustion process. 

This attitude went hand-in-glove 
with the realization that the hybrid 
combustion process differed greatly 
from both liquid and solid engines. 
D. D. Ordahl, UTC’s assistant manager 
for advanced technology, says the basic 
phenomena are now understood and 
many of the processes have been re- 
duced to mathematical equations. 

Ordahl insists UTC knows enough 
to handle a hybrid development pro- 
gram on a fixed-cost basis over a 12- 
to-18-month period. This sentiment is 
completely in line with that of Barnet 
R. Adelman, UTC’s president. Adelman 
told MISSILES AND Rockets that if the 
Polaris B-3 propulsion system bidding 
were to come two years from now, UTC 
would go in with a hybrid. 

Adelman has little faith in the future 
of large solids in the 260-in.-dia. range 
with respect to the technology of cur- 
rent programs. The outspoken executive 
said some time ago that the only route 
to large rockets is through hybrids 
(M/R, April 27, p. 27). 

© Combustion approach—Ordahl 
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says the basic problems retarding hy- 
brid development are a generally low 
recovery of theoretical Isp, uneven fuel 
burnout along the length of the com- 
bustion chamber, an unpredictable de- 
cay in thrust level with time, extreme 
losses in efficiency with throttling and 
extremely low burning rates. 

Actual combustion in a hybrid oc- 
curs in a relatively narrow zone sig- 
nificantly distant from the surface of 
the solid fuel. This distance is roughly 
Yo the distance to the aerodynamic 
boundary layer. 

The combustion zone is fed by 
vaporized fuel and gases from the de- 
composition of the solid and also va- 
porized or gaseous oxidizer from the 
fluid phase. Heat from this combustion 
zone is Conducted or radiated to the 
solid surface and to the incoming fluid 
or gaseous phases of both fuel and 
oxidizer. 

Combustion occurs where these gas- 
eous materials meet, and the diffusion 
of the products proceeds away from 
the combustion chamber. 

This general description of the 
phenomena has been established and 
most workers in the field of hybrids 
agree with its tenets. How much agree- 
ment exists is evidenced by the similari- 
ties in the approaches to efficient hy- 
brid engines. 

Ordah! maintains UTC now under- 
stands the complex mechanisms behind 
the general description to the point of 
being able to design efficient hybrids. 
The firm has demonstrated propellant 
utilization in the 98.5% to 100% range. 

@ Engine design significant—An im- 
portant consideration in hybrid engine 


design, says Ordahl, is that the liquid or 
gas phase coming from the injector 
does not contact the surface of the 
solid after the initial reaction. The 
solid does not “know” what kind of 
oxidizer is being used in any given ap- 
plication, and the combustion process 
is essentially the same for all cases. 

The combustion picture emerging 
from work at the firm is different from 
other work at research centers in the 
U.S. But every time UTC researchers 
have developed an experiment, its re- 
sults invariably agree with the theory 
as developed at UTC. 


q 


One result of the lack of surface | 


contact between oxidizer and solid in 
a hybrid is that the main task of an 
injector is not to place oxidizer on the 


fuel surface but to diffuse and vaporize § 


the liquid phase so it can mix with the 


material in the combustion zone. 


Ordahl says an analysis of the com- | 


bustion process leads to the conclusion 


that the major factor in controlling | 
efficiency is designing to promote ef- | 


fective mixing of the vaporized fuel 


and oxidizer and prevcnting the escape } 


of unreacted material from the motor. 
Ordahl says tests have shown this 
mixing to be critical, The major answer 


to good mixing at UTC is the introduc- | 


tion of spoilers or turbulence devices 
toward the aft end of the combustion 
chamber. 


In UTC’s case, the spoiler is a | 


proprietary foamed ceramic usually im- 
pregnated with a resin to extend its 
life in the hot gas environment (M/R, 
Oct. 21, 1963, p. 39). The ceramic 
adds only a little weight to the entire 
engine, but succeeds 
100% mixing. The shape and configura- 
tion may differ from engine to engine 
but its function is the same. It extends 
into the solid core beyond the grain 
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in promoting | 
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surface and kicks the flow radially into 
the center of the combustion area. 

In addition, proper matching of in- 
jector characteristics with grain design 
can achieve essentially complete fuel 
utilization. This has been experimentally 
demonstrated with motors. 

@ Achieving faster burning—The 
combustion-analysis work also led to 
the solution of the problem of low com- 
bustion rates in hybrids. The fuel con- 
sumption rate, says Ordahl, is primarily 
dependent on the rate of heat input and 
the amount of energy needed for va- 
porization. 

Thus the ideal fuel should be one 
with the lowest possible latent heat of 
decomposition or vaporization. It fol- 
lows that the products formed should 
be readily converted to reactable gases. 

Ordahl defines a hybrid as a system 
containing two propellants, neither of 
which is capable of sustaining combus- 
tion by itself. The thrust-generating 
reaction demands the operation of both 
together. 

With respect to the ideal fuel just 


mentioned, UTC researchers achieved ' 


substantial rate increases by promoting 
non-self-sustaining chemical reactions 
in the fuel surface. Additives are used 
to perform an energy release function. 
Systems under study at the moment 
have regression rates similiar to those 
in a low-energy solid propellant. 
Ordahl and his colleagues found that 
the regression rate of a hybrid depends 
on the flow of the liquid phase in a 
manner similar to the dependence on 
pressure of the burning rate in a solid. 
The main effect of this dependence 
of fuel regression rate on mass flux 
is in the design of the solid grain. UTC 
has reached constant thrust by using de- 
signs that provide progressive surfaces. 
® Thrust modulation—The obvious 
method of throttling a hybrid is to 
modulate the liquid phase flow. But this 
causes the problem that for many pro- 
pellant systems the fuel flow from the 
grain does not vary in direct proportion 
with the oxidizer flow injected at the 
head end. 
The direct result is a change in the 
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LEFT: Schlieren photograph of a lab hybrid in operation using 
a Plexiglass fuel and oxygen as the oxidizer. RIGHT: Shadow- 
graph of the same system. The combustion zone is away from the 
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oxidizer to fuel-flow ratio over the 
throttling range. Optimum performance 
is achieved at a single value of this 
ratio, and throttling produces a per- 
formance loss. 

Once again, the fundamental com- 
bustion work at UTC relates the ex- 
tent to which fuel flow varies with 
oxidizer flow to a relationship between 
fuel-regression rate and oxidizer flow. 

In hybrid systcms tailored for spe- 
cific thrust-time profiles, the mixture 
ratio shift can be minimized by grain 
design. Ordah! says good fuel utiliza- 
tion can be achieved because the re- 
quired propellant weights are accurately 
defined. 

The real throttling problem occurs 
in demand-thrust applications in which 
modulation is random. To handle this 
in a straightforward manner means hav- 
ing excesses of propellants at either end 
of the oxidizer/fuel ratio—thus impos- 
ing a weight penalty. 

@ Mixing methods—There are two 
more efficient methods—aft-end injec- 
tion and use of pressure-sensitive hybrid 
fuels. In the aft-end method, UTC in- 
jects oxidizer into the head end so that 
the mixture downstream of the grain 
is fuel-rich. Then additional oxidizer is 
added downstream of the grain in 
amounts necessary to maintain the total 
flow to the required oxidizer/fuel pro- 
portions. 

UTC has demonstrated the feasibil- 
ity of the aft-end injection method in 
5-in. motor firings. Ordahl mentions the 
obvious disadvantages in that the system 
requires an additional! liquid-flow circuit, 
and attainment of an 8:1 thrust modula- 
tion required a 64:1 variation in the 
head end oxidizer flow—a variation 
difficult to achieve with simple valving. 

The second solution—using pressure- 
sensitive hybrid fuels—demands a com- 
picte understanding of both the propel- 
lant chemistry and the mechanics of 
combustion. Most hybrid fuels are not 
pressure sensitive and their regression 
rates are not significantly affected by 
combustion pressure. 

Additives are used to render these 
fuels pressure-sensitive at UTC. These 


same additives evolve from the regres- 
sion rate work. 

The additives create a pressure- 
dependent heat source in the solid grain 
if the gasesous products are reactive. 
The additives must not result in self- 
sustained reaction during combustion, 
or the hybrid grain more nearly resem- 
bles a conventional solid—and the de- 
sign becomes a liquid-augmented solid 
engine. 

The additives can be particulate or 
actually tied into the solid polymer. 
UTC has an enormous amount of ex- 
perimental data in both of these sub- 
areas, with the actual experiments being 
suggested by the combusticn concept 
as it evolved. 

@ Experience and funding—UTC 
has a total of approximately $2 million 
in outside hybrid funding. This includes 
a Navy contract with ARPA funds cov- 
ering the fundamentals of hybrid com- 
bustion. This is now in its fourth year. 

The firm is in its third year on a 
classified high-energy hybrid system un- 
der Air Force sponsorship. A third con- 
tract with NASA is just beginning on 
the use of hybrids in a gas generator for 
testing components in a hot gas environ- 
ment. The fourth contract is the recent 
NASA throttling hybrid study. 

W. A. Rains, manager of the firm’s 
Hybrid Propulsion Branch told M/R 
that complex grain shapes are a key 
approach at UTC. This has led to greatly 
improved length/diameter ratios and 
has contributed to improved combustion 
efficiency. 

Rains feels the pressure-sensitive 
fuel approach to throttling has the great- 
cst promise in the long run. But the 
propulsion expert did not rule out any 
other approach including aft-end injec- 
tion or a combination of methods. Each 
hybrid is tailor-made for its specific 
mission profile. The approach is dictated 
by a number of compromises. 

As an example, Rains points to aft- 
end injection. While it adds plumbing 
and weight in reaching a throttling re- 
quirement, it may eliminate the need 
for spoilers in the combustion area. 

Rains says UTC has not yet deter- 


grain surface after the initial oxidizer contact. Laminar flow is 
set up and the mixing problem is apparent. Distance from flame 
and combustion zones to surface of solid fuels is visible. 
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HYBRID ENGLNES 


United technology Center 


g of its combust 
never been anything more than a labora 


UTC demonstrated the feasibility of the nybrid. And as a result, 
the Aavanced Research Projects Agency, Air Force, anda the Navy 
funded additional r&d efforts py UTC. 


Now, after four years of intensive research, the hybrid is 
ready for full-scale development. 


NASA has awarded contracts to UTC hybrids for 
} i S powerful as 
ropellant systems 
aemonstrate th } a 
f being stopped and restarted and 


of thrust. 


the relationship of hybrids to other complete 
Be Recent de iled studies e now shown 


systems. j sned with 
significant advantages © al fl 
economy - 


Further applications are virtually unlimited: pack-pack 
propulsion units; M tini leona Jaunch vyenicles; primary 
propulsion or attitude control for missiles and jong-duration 
space missions. 


In short: UTC has added a new and practical dimension in 
rocket propulsion capability: 


For complete details, write UTC, Sunnyvale, California. 
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mined where the tougher contro! prob- 
lems come into a given hybrid. This is 
being studied. In the case of demand 
thrust, the requirement of staying on 
the correct oxidizer/fuel ratio all the 
way easily poses the toughest test for 
a hybrid. 

@ Tests aid competitive position—In 
addition to the combustion work at 
UTC, an extensive testing program has 
been in effect for some time. The extent 
and success of this was made clear dur- 
ing a recent de-briefing after UTC 
won a competitive hybrid contract. The 
other industry bidders found that the 
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DENVILLE, N.J.— Emphasis on pres- 
sure-sensitive grain development, avoid- 
ance of inert spoilers and a drive to 
set up equations accurately describing 
combustion efficiency characterize the 
hybrid work at Reaction Motors Div. of 
Thiokol Chemical Corp. 

Under the direction of Steven J. 
Tunkel, Manager, Research Engineering 
Dept., RMD is firmly committed to a 
package approach to hybrids. Hybrid 
technology started at RMD in August, 
1959, with portions of the Falcon im- 
provement program. Since that time, 
company- and government-funded pro- 
grams have brought the state of the art 
at RMD to the threshold of a full-scale 
development program ending in an op- 
erational hybrid engine. 

The criterion at RMD, as with the 
other major firms in the business, is to 
attain the highest possible performance 
while meeting engine function specifica- 
tions such as stop/restart and throttling. 
The key to high propellant performance 


LEFT: End view of 5-in.-dia. 
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motor chamber before 


testing and data accumulation at UTC 
had a decisive effect on their winning 
the competition. 

Test rockets have ranged from 1 in. 
in diameter to 18 in., with the most re- 
cent being a 5,000-lb.-thrust glass- 
wound hybrid. Various combinations 
of both metallized and non-metallized 
fuels have been fired with gas, cyrogenic, 
storable and high-energy oxidizers. 

Cumulative burn times for the many 
discrete propulsion systems range from 
15 seconds to more than 5,599 seconds. 
Well over 900 individual! firing have 
been logged. 
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is an understanding of the combustion 
process in the hybrid. 

RMD researchers realized that the 
hybrid is essentially different from both 
liquids and solids in this respect, The 
next step came through mass fraction 
studies, which clearly showed the need 
for high burning rates. 

Understanding the regression rate is 
critical to the successful performance 
of a hybrid engine, whether during sus- 
tained constant thrust or thrust modula- 
tion. RMD researchers also realized 
early in the game the critical importance 
of combusion efficiency. 

@ Mixing, efficiency tinked—Com- 
bustion efficiency is intimately related to 
optimum mixing of the fuel and oxidizer 
in the combustion zone. The RMD ap- 
proach is through regression-rate devel- 
opment in the solid grain and liquid in- 
jection system development. 

When RMD researchers probed vari- 
able thrust, they found the hybrid con- 
cept far more complex than early stud- 


firing. 


= 


RIGHT: End view of same motor after firing. 


This heavy involvement in testing 
has bolstered the confidence of the firm 
in its fundamental approach and ability 
to move beyond mere studies and feasi- 
bility programs into tactical propulsion 
systems, space propulsion and secondary 
propulsion schemes. 

UTC has designs for 120-in.-dia. hy- 
brids, and even eyes the larger solid 
boosters from a hybrid approach. The 
firm is convinced that funding is the only 
barrier between the hybrid technology as 
it now exists and operational propulsion 
systems. No engineering or technical 
problems are anticipated. BD 


ies indicated. The general loss of per- 
formance in throttling caused by 
changes in the oxidizer/fuel ratio be- 
came the major problem. 

Early work in regression rate led 
RMD into the pressure-sensitive grain 
area. Additives to the basic fuel grain 
induce this characteristic, in addition to 
the grain’s inherent reaction to oxidizer 
flow rates. 

To achieve 8 to 1 throttling purely 
through the effect of oxidizer flow rate 
on the solid grain, the liquid flow vari- 
ation at the injection end is in the area 
of 64 to 1. This is too large a variation 
for a practical throttling scheme—and 
all firms doing hybrid work agree on 
this. 

Throttling can be handled by adding 
oxidizer aft of the grain to regain opti- 
mum O/F ratios in throttling modes. 
This also performs a mixing function 
in the combustion chamber. One draw- 
back is the additional pumping and 
transfer hardware necessary. 

Tunkel firmly believes that high- 
efficiency injection methods and pres- 
sure-sensitive grains should be pursued 
before falling back on aft-injection or 
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The Problem: Provide a low inertia Apollo spacecraft simulation plat- 
form that can be loaded with six tons yet will not deflect 
more than four-thousandths of an inch at its edge. 

The Solution: Unique Bonded Honeycomb Sandwich Design by Hexcel 
R&D. 


Measuring 13 ft. 6 in. in diameter, the platform is shaped like a gigantic 
bass drum perched atop a slender pedestal. It balances upon a pressur- 
ized dry nitrogen gas bearing which virtually isolates it from friction and 
vibration—similar to conditions of weightless space flights. The plat- 
form is balanced so precisely that no persons are allowed in the room 
with it during experiments — body movements would create minute air 
currents which could cause the device to move in a manner unlike 
normal space flight. 

Deflections and loads are sensitively balanced by the Hexcel design 
resulting in minimum overall distortion. 

Thick core slabs of honeycomb (in various densities) were assembled 
in pie sections, sawed in the round, machined to dimensional accuracy, 
then bonded en masse to surface skins at room temperature using a 
cold-bonding process. 

Hexcel R & D, under contract to Minneapolis-Honeywell, was re- 
sponsible for the design, honeycomb manufacture and platform fabri- 
cation direction. Delivery was on time. Actual maximum edge deflection 
of the platform is .0029 in., exceeding specification. 

The Hexcel objective is both to manufacture the widest range of honey- 
comb core products available, and to provide solutions to unusual high 
strength-light weight structural problems. 


HEXCEL’S DESIGN OUTPERFORMS ALL OTHERS (This chart com- 
pares an earlier Hexcel Design. The platform was smaller but for the 
same purpose as the work discussed above.) 


Company A Company B Company C Hexcel 
Design Design Design Design 
Platform Riveted Welded Welded Alum. Sandwich 
Aluminum Mild Steel Stainless Steel Construction 


Platform Weight 


Table Inertia 
Capacity 33 Slug Ft? Roll 


406 Ibs. 


65 Slug Ft? Roll 
14 Slug Ft? Yaw | 33 Slug Ft? Yaw 


900 Ibs. 


400 Ibs. 1100 Ibs. 4000 Ibs. 


m@ Deflection at 
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Max. Load 


HEXxXC EL PRODUCTS INC. 


World leader in research and manufacture of honeycomb core materials. 


Executive Offices: 2332 M Fourth St., Berkeley 10, Calif. 
Plants: Berkeley, Oakland, Calif., Havre de Grace, Md.; Irving, Texas 
Sales Offices: Inglewood Calif.; Havre de Grace, Md.; Irving, Texas 
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20-40 Slug Ft? Max. | 26 Slug Ft? Pitch | 65 Slug Ft? Pitch | 126 Slug Ft? Pitch 
126 Slug Ft? Roll 
210 Slug Ft? Yaw 
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the addition of turbulators. This coursc, 
says Tunkel, avoids the mass fraction 
penalties inherent in aft-end injection or 
spoilers. 

®@ Reverse hybrid effort—RMD is 
the only firm with active work in the 
reverse hybrid—a concept using a solid 
oxidizer and liquid fuels. Reverse hy- 
brids have not met with much enthu- 
siasm from any of the government 


“agencies. 


But a reverse hybrid, says Tunkcl, 
has a pressure-sensitive grain of the 
first order. It is also easily throttled, al- 
though limited in throttling ratio. There 
is an inherent high burning rate. 

The main problems with a reverse 
hybrid are the limited number of ener- 
getic oxidizers available in solid form 
and the fact that it is not a true hybrid 
—in the sense that the reaction is self 
sustaining. It is more a liquid-augmented 
solid rocket. 

But the research into such hybrids 
provided RMD with graphic evidence 
of the potential performance in pressure- 
sensitive grains. 

Tunkel is now working with pres- 
sure-sensitive grains involving polyure- 
thane and PBAA. The characteristic is 
induced through chemical additives to 
the base grain. Other additives are used 
to attain a smooth grain surface in shut- 
down—since this surface condition is 
critical to good, smooth restarts. 

The pressure-sensitive additives are 
discrete entities in the grain and not 
chemically hooked into the binder. Tun- 
kel believes the operational characteris- 
ites are primarily due to a concentration 
effcct—with the particle size contribu- 
tion being a second-order effect. 

The additives themselves are pro- 
prietary, but the result is an all-fuel 
solid grain. There are no metals in- 
volved. RMD sticks to castable, case- 
bonded grains and tries to avoid extru- 
sion. 

® Grain-design considerations—Al- 
though the problems with demand-thrust 
hybrids can be described in segments, 
Tunkel says grain design must be 
coupled to injector design. 

Avoidance of the turbulator ap- 
proach means introducing turbulence 
in the downstream combustion area 
without resorting to inert components. 
Injection design and grain shape figure 
heavily in the RMD methods. 

Introducing a liquid into the solid 
portion of a hybrid involves the same 
essential elements as in all liquid en- 
gines. The three classical parametcrs 
are injection angle, droplct size and 
droplet velocity. 

Tunkel uses these three elements to 
create a mixing turbulence in the com- 
bustion section. The problem then in- 
volves engineering studies, laboratory 
tests, and propellant system component 
characteristics. 
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Each propellant systeni may have 
different values assigned to the three 
variables and these values are arrived at 
through both theoretical and experimen- 
tal analysis. 

@ Exhaust systems—RMD has given 
considerable thought to the types of 
nozzles demanded by specific hybrid 
designs. Materials of construction range 
from ablative and heat-sink graphites 
to radiatively and regeneratively cooled 
refractory metal composites. 

In the regeneratively cooled designs, 
RMD would use the liquid phase of 
the hybrid system, and since a large 
amount of OF, experience has been 
accumulated at the Division, it is safe 
to assume this has been tested as a 
coolant. 

For space applications, finned-noz- 
zle cooling schemes have been investi- 
gated. Tunkel, for one, does not con- 
sider the inert components as a major 
problem area, but will not dismiss 
them as easily solvable in any particular 
engine use. 

Reaction Motors has more than 300 
test firings in hybrid engines, and this 
does not include ignition tests. These 
include engine diameters from 2.5 in. 
up through 10 in., with varying chamber 
pressures and thrust levels. 

Tunkel and his group have demon- 
strated delivered performance in the 
92% to 95% range. RMD is confident 
a flying hybrid can be developed in an 
operational development program. 

Oxidizers developed and fired at 
RMD include OF,, flox, N,O,, chlorine 
trifluoride, perchlory! fluoride blends, 
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10-IN.-DIA, APT-1050 metal-free solid and Flox oxidizer inotor fired last May at RMD 
reached 500 Ibs. thrust with a chamber pressure of 80 psia. The 10-secoud head end 
injection firittg shown ts a restart after a shorter ignition run. The fuel grain was in two 
sections, to deterinine regression into grain fissures, but uone occurred. The firing was 
followed by successive restarts at increasing thrust levels, to 2,000 Ibs. at 300 psia. 


IRFNA and others. The fuels have been 
standard binders and additives. RMD 
has also developed metal-free grains. 
RMD has experience and data in metals 
and metal hydrides including lithium, 
titanium, zirconium hybrids and boron, 
aluminum and beryllium metals. 

There is only one contract currently 
in existence at RMD—a reverse hybrid 


RMD 5-IN. MOTOR is shown in test stand with afterburner in place. The after-buruing 
concept adds oxidizer to the combustion stream aft of the fuel grain to regain an optimuin 
oxidizer/fuel ratio. This was an early effort at RMD. 


missiles and rockets, November 9, 1964 


program funded by the Navy’s BuWeps. 
There will be no follow-on funding on 
this contract. 

@ Ground test and use—Laboratory 
facilities include both cold- and hot- 
flow test apparatus, including a well- 
used porous plat burner and a high- 
pressure, transparent-slab burner. RMD 
researchers are incoporating spectro- 
scopic equipment and techniques into 
the hybrid lab test units. Shadow-graph 
and schlieren equipment is also in use. 

In the applications area, Tunkel says 
space propulsion is a natural for hy- 
brids. The RMD expert is also fairly 
sure that the major oxidizer will be 
OF, in such applications. 

The Division has a long history with 
OF, and other space-storable propel- 
lants. Thiokol was the first to investigate 
OF, on an experimental basis. 

Two other important areas of RMD 
hybrid-related experience are in pre- 
packaged liquid engines and the highly 
successful LR-99 man-rated engine, 
which currently powers the X-J5. 

Both of these technologies are ap- 
plicable to various hybrid programs. 
The experience in packaging complete 
propulsion systems with a minimum 
of moving parts as in the Bullpup 
powerplant family can be used in de- 
signing hybrid engines. 

The throttling knowledge gained in 
creating the variable-thrust LR-99 
covers a broad range of subsystems and 
hardware and includes a heavy per- 
centage of experimentally derived ex- 
perience. B 
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SACRAMENTO, CALIF.—Hybrid 
rocket technology at Aerojet-General is 
founded on a hard-headed hardware ap- 
proach to the various potential applica- 
tion areas. 

Centered in the firm’s Sacramento, 
Calif., facility, with additional support 
as needed from specialists at the Von 
Karman Center in Azusa, the in-house 
programs focus on tailoring hybrids to 
specific mission areas. 

Aerojet programs have demonstrated 
the feasibility of the hybrid concept in 
engines and pushed the state of the art 
to levels of high efficiency. The current 
effort is directed at collecting design 
details and information in propulsion 
configurations most interesting to the 
specific customers. 

Under the direction of T. C. Bow- 
den, hybrid projects manager at the 
Solid Rocket Plant, hybrid work is 
almost strictly pragmatic. 

Early work at the firm went into 
the combustion problem in a basic man- 
ner. But the insertion of baffles or 
spoilers into hybrid designs later on in 
the programs forced certain alterations 
in the fundamental combustion con- 
cepts. 
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Aerojet experts believe baffles are a 
practical necessity to achieve good 
mixing in the combustion area and thus 
reach reasonable combustion efficien- 


cies and regression rates for volume- . 


limited mission applications. But the use 
of baffles altered the mathematical 
model developed by Aerojet for regres- 
sion rate laws to the extent that the 
specific program is being modified and 
computerized to handle the changes. 

Aerojet is probing deep into the baf- 
fle area—trying to determine what 
makes a good baffle in a given applica- 
tion while incurring the minimum 
weight penalty associated with their use 
in the first place. 

@ Test background—There is a sig- 
nificant amount of cold flow and simu- 
lated hybrid combustion research data 
at Aerojet. The lab test information has 
proven realistic in respect to actual hy- 
brid firings. It is continuing with dy- 
namic X-ray movies of the combustion 
phenomenon. 

Aerojet has more than 100 full-scale 
test firings to its credit. These were 
planned to operate in practical ranges— 
1,000-psi chamber pressures and usable 
thrust levels. The firm has accumulated 


What’s the shortest distance 
between these 2 points? 
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San Diego Houston 
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Cape Kennedy 


Melbourne 


National’s direct line. 


We call it our “Rocket Run.” It’s the only direct jet service between 
the major space centers of the west and Melbourne (closest air- 


port to Cape Kennedy.) 


You jet between Los Angeles and Melbourne without changing planes. 
National also serves the key space age cities along the east coast. 


Is this any way to run an airline? You bet it is. 
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what its spokesmen feel is real and 
actual data in OF, firings. They also feel 
this information actually is real and 
actually represents such hybrid systems. 

Motors fired include the early 5.5- 
in.-dia. 500-1 ,500-Ib.-thrust unit through 
8.5-in.-dia. 2,000-5,000 Ibs. thrust to 
16-in.-dia. units with thrust levels from 
6,000 to 12,000 Ibs. 

These engine firings evaluated every- 
thing from injector designs to fuel grain 
configurations. Aerojet experts do not 
anticipate any major technical problems 
in the inert components of a given hy- 
brid configuration. Even combustion in- 
stability is not much of a problem with 
hybrids, There are minor fluctuations, 
but these do not cause hybrid instability, 
and the massively destructive type of in- 
stability found in other propulsion sys- 
tems does not seem to be a characteris- 
tic of the hybrid powerplant. 

@ Custom approach—The key themc 
at Aerojet is that hybrids are essentially 
tailored to the specific mission. Mis- 
sion analyses performed by the group 
bolster this. There are always a number 
of compromises and trade-offs available 
when designing for a detailed applica- 
tion. 

As with the other major firings in 
the area, Aerojet does not anticipate 
great technical difficulties in designing 
and flying a sustained-thrust hybrid. The 
really complex problems arise with thc 
demand-thrust requirement. 

Bowden and his team list five ap- 
proaches to throttling the hybrid: 

—There is the straightforward 
method of merely changing the oxidizer 
flow rate. This almost immediately re- 
sults in the engine going off the optimum 
fuel/oxidizer ratio. This differs with 
each system and there might be appli- 
cations where a limited throttling can be 
achieved within overall mission per- 
formance specifications. 

—A second route lies in program- 
ming the shape of the grain for those 
applications involving a known and fixed 
throttling cycle. 

—The third is the development and 
use of pressure-sensitive fuels through 
additives. Aerojet has looked at this and 
developed information. The method has 
not been utilized because no specific 
application has arisen. 

—There is aft-end injection which 
simply involves the addition of that 
amount of oxidizer required to again 
reach the optimum fuel/oxidizer ratio 
in the combustion area aft of the throt- 
tling function. 

—The last is a compromise in which 
certain characteristics are selected and 
then enhanced by additives in the solid 
flow while throttling the liquid input. 
This is very similar to the presssure sen- 
sitive grain approach. 

There is also an approach using a 
variable area throat in the nozzle. 
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Aerojet experts maintain the simple 
regression rate model for solids is no 
good once you reduce a hybrid to prac- 
tice. But analytical techniques have ad- 
vanced considerably since the early days 
in developing solid and liquid rocket 
systems. 

The pressure is off the major pro- 
grams and such projects as the hybrid 
effort at Aerojet can use the corporate 
ability in computer programming and 
other analytical techniques. These can 
and are being used to investigate opti- 
mum oxidizer/fuel ratios in a variety 
of mission-oriented systems. 

These studies and other inputs help 
to guide in-house hybrid management. 
The hardware approach at Aerojet has 
led to developments in the inert com- 
ponents areas almost as a matter of 
course. A specific example is injector 
design. This is an area of corporate com- 
petence demonstrated in a number of 
operational programs. 

@ Self-generating expulsion—An- 
other more intriguing example is the 
approach Aerojet might take in solving 
the liquid injection hardware problems. 
This is a prime example of an ability to 
borrow technology from another area 
—in this case, liquids—and incorporate 
it into a given hybrid system. 

In 1959, Aerojet-Sacramento engi- 
neers conceived a lightweight vapor 
pressurization system (VaPak) which 
promised potential advantages over both 
pump and pressure-fed liquid delivery 
methods for liquid engines. 

VaPak is similar in principle to a 
self-discharging insecticide can. The 
propellant is expelled by its own vapor 
pressure without a significant change in 
discharge pressure. No components or 
devices need function once liquid flow 
from a VaPak tank is initiated. 

The VaPak system has applications 
in hybrids—especially in reducing the 
complexity of liquid expulsion hard- 
ware. In the last five years, Aerojet has 
demonstrated the principle with various 
earth-storable and cryogenic propellants. 
Long-duration storage and rocket engine 
tests have demonstrated the instant read- 
iness and combustion characteristics of 
saturated propellants. Throttling tests 
have indicated a wide thrust range abil- 
ity with a fixed area injector. 

It is this throttling characteristic 
combined with the simplicity of the 
overall VaPak system that makes it at- 
tractive for hybrid applications—al- 
though the system is generally aimed at 
simplifying liquid rockets. 

There are two major limitations to 
the VaPak system. The VaPak increases 
in weight as the chamber pressure is 
increased and rather accurate control of 
propellant temperature or composition 
is necessary to give accurate tank pres- 
sures. 
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The Nose 
Gets Hot 


a SS pee 

e front-end heat transfer problems of hypersonic flight — nose cone 
‘onfigurations, spacecraft designs, ahlative cooling methods—are studied 
in many lahoratories. Aside from extensive programs in these well-puhli- = 
cized areas, however, Cornell Aeronautical Laboratory plays a leading 
role in solving the equally important but less understood prohlem at the 
other end of the missile: the destructive heating of the missile base. 


The possible result of radiation, external burning of fuel-rich mixtures, 
and interaction and reverse flow of exhaust gases, base heating of rocket 
vehicles at high altitudes has been recognized as one of the major causes 
of mission failures. 


Extensive Cornell Aeronautical Laboratory experience in shock tuhe tech- 
nology has been adapted to this prohlem, with particular emphasis on the 
NASA/Marshall Space Flight Center Saturn program. CAL’s researchers 
duplicate rocket motor operations at model scale through a pressure altitude ~~ 
ranging from sea leyel to 350,000 feet. Variations of base heating with 
Reynolds numbher have been investigated and base recovery temperatures Z 
determined. Resulting data have been highly significant in the design and 
suhsequent successful flight testing of Saturn stages. 


This applied hypersonics project is only one of the areas of research in 
which CAL’s technical staff is leading the way. 


Others include computer sciences, applied physics, electronics, operations 
research, aerodynamic research, flight research, applied mechanics, vehicle 
dynamics, life sciences, and systems research. If your experience qualifies 
~you to join this team, we invite you to mail in the coupon helow. It will 
bring you an interesting briefing on this community of science. 


CORNELL AERONAUTICAL LABORATORY, INC. BS 


Ss * OF CORNELL UNIVERSITY 


J.M. Rentschier 

CORNELL AERONAUTICAL LABORATORY, INC. 

Buffalo 21, New York 

(] Please send me a copy of your factual, illustrated prospectus, “A Community of 
Science,” and an application blank. 


0 I'm not interested in investigating job opportunities now but | would like to see 
your fatest ‘Report on Research at CAL.” 


Zone State 
An Equal Opportunity Employer 


focccccccc 
Zz 
ny 
3 
® 


Circle Na. 11 on Subscriber Service Card 


43 


Me 


‘TO 
SIMULATE 
SOLAR 
RADIATION 


To test satellites and 
7; their components 

in the conditions of 
outer space, 
GENARCO Solar 
Radiation Simulators 
have been chosen 

by Bell Telephone, 
Bendix, General 
Dynamics, G.E., 
Grumman, J.P.L., 
Lincoln Lab., N.A.S.A. 
Space General, etc. 
Complete Genarco 
Simulators with 
carbon arc lamps as 
sources of radiation 
and several types 

of optical systems 
are available to 

meet your special 
requirements. Ask for 
illustrated literature: 


We 


GENARCO, INC. 
97-04 Sutphin Blvd. 
Jamaica 35, N.Y. 

or call us to 

discuss your problem: 
Solar Simulators Division, 
PHONE Code 212 658 5850 


Circle No. 12 on Subscriber Service Cord 


The VaPak is 
best utilized with 
lower chamber 
pressure upper 
stages. Aerojet ex- 
perts feel these lim- 
itations are more 
than offset by the 
simplicity and po- 
tential performance 
of VaPak pressuri- 
zation. 

@ System oper- 
ation—In any 
closed container 
partially filled with 
a liquid, vapor is 
present at a definite 
pressure. Under 
equilibrium condi- 
tions, the pressure 
of the vapor is a 
function of the na- 
ture of the sub- 
stance and its tem- 
perature. If no 
other gas is pres- 
ent, this vapor 
pressure is the total 
pressure in the con- 
tainer. 

If an attempt is 
made to lower the 
pressure by drain- 
ing off either liquid 


or vapor, the vapor-liquid equilibrium 
is upset and the liquid will boil, creating 
additional gas and tending to countcract 
the pressure reduction. 

Heat of vaporization is required to 
change the liquid into gas and, in the 
abscnce of an external source, this en- 
ergy must be supplied from that stored 
in the body of the liquid. The tempera- 
ture of the liquid then falls along with 
the equilibrium vapor pressure. 

The magnitude of the decrease in 
pressure is a function of the proportion 
of liquid discharged and the specific 
thermochemical properties of the satu- 
rated liquid and vapor. 

Calculations and tests at Aerojet’s 
Liquid Rocket Plant have shown that 
it is possible to start with a tank almost 
completely filled with liquid, discharge 
all of this liquid and still have remaining 
in the tank some 70 to 80% of the 
initial pressure. 

Variable thrust can be accomplished 
simply by throttling the propellant with 
the thrust chamber valves. Valve throt- 
tling a VaPak system causes formation 
of propellant gas in the lines—produc- 
ing a flow condition similar to thrust 
control by gas injection. 

Because the percentage of vapor 
formed is directly related to the degree 
of valve throttling, the saturated liquid 
system will show essentially the same 
characteristics as other gas injection 
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ANALYSIS of saturated liquid valve throttling indicates that relative injection velocity improves with throttling. The reverse is true for 
conventional liquids. The VaPak system actually improves the mixing in throttling. 


schemcs, but with lighter weight and Icss 
complexity. 

Analyses by Aerojet experts indicate 
that relative injection velocity increases 
with the throttling. The velocity reduces 
with the throttling of conventional liq- 
uids. A high propellant injection velocity 
is required for atomization and mixing. 

In applying the concept to rocket 
engines, propellant selection is governed 
by its having a vapor pressure equal to 
the desired feed pressure at some rea- 
sonable temperature. The desired pro- 
pellant vapor pressure can be obtained 
by either controlling liquid temperature 
or composition. 

The temperature must be controlled 
prior to the propulsion operation with 
non-cryogenic or storable propellants. 
This conditioning has proven to be easy 
when the design temperature is selected 
at the maximum environmental tem- 
perature. 

Once the initial propellant design 
temperature is reached, small heating 
and insulation provisions are adequate 
to maintain precise control of engine 
performance. 

Aerojet engineers note that even 
with only 1 in. of ordinary foam plastic 
insulation, 4 watts/sq.ft. will maintain 
storable propellants at a temperature 
differential of 100°F. For Falcon-sized 
missiles, this leads to power require- 
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ments around 100 w. For an Aflas-size 
vehicle or a Titan first stage, this power 
level is approximately 10 kw. 

@ Heavy test experience—Aerojet 
has conducted over 38 VaPak expulsion 
tests with Earth cryogenic and storable 
propellants. There have been more than 
120 VaPak rocket engine firing tests 
including 17 small-scale engine tests 
with a Lark powerplant. These latter 
tests evaluated VaPak engine combus- 
tion characteristics over a chamber pres- 
sure range of 60 to 330 psia. 

There have been injector design 
tests, simulated zero-g runs and second- 
stage Titan hardware tests. In addition, 
10 engine tests were run to investigate 
the saturated liquid variable thrust 
characteristics using Titan hardware. 

Aerojet is currently studying a multi- 
functional auxiliary propulsion system 
for Saturn-type vehicles under a $150,- 


000 study contract from NASA’s 
Marshall Space Flight Center. 
Aerojet is covering hybrid ap- 


proaches to the problem which includes 
a thrust range of from 500 to 10,000 
lbs. for various vehicle control modes. 
The study is designed to establish the 
most attractive concept of doing the 
job with the least number of thrustor 
units. 

The 12-month study will determine 
the number and groupings of engines, 


their sizes and the propellant systems 
involved. At completion, the hybrid ap- 
proach can then be compared to other 
methods. There is only small experi- 
mental hardware involved in this, and 
the project office at Huntsville indi- 
cates there is no firm system contract 
in mind at the moment. 

Even the funding comes from the 
Center’s in-house IR&D monies. 

Aerojet has performed work for the 
Navy in certain facets of hybrid de- 
velopment. In this case, the initial work 
started back in 1960, and the latest 
phase involved collecting detailed de- 
sign data in the system size ranges of 
interest to the Navy. Much of this 
work is classified. One engineering pro- 
gram funded by the Navy at Sacramento 
will be terminated at the end of the 
current contract. A second program into 
propellant research at the Von Karman 
Center Azusa, Calif., will be continued 
by the Navy. 

In looking at applications, Bowden 
and his colleagues insist that weapons 
systems and space engines represent two 
entirely different areas with severely 
different requirements. A third area is 
somewhat less particularly defined and 
includes special applications such as 


gas generators, one-tank-several-com- 
bustors and other more particular 
uses. | 


45 


beyond apolio— 
the U.S. space program 


Gth 


NASA 
issue 


november 30, 1964 


MISSILES AND ROCKETS, the weekly of Space Systems 
Engineering, will publish its fourth annual NASA Issue on 
November 30, 1964. 


This annual issue, now accepted as the authoritative publication on the 
nation’s space agency, will examine future procurement plans of the National 
Aeronautics and Space Administration and three organizations allied with it 
in exploring the peaceful uses of space, Communication Satellite Corporation, 
Atomic Energy Commission and the U.S. Weather Bureau. 


With major procurement for the Apollo manned lunar landing program now 
behind it, NASA is deep in the planning for new projects to expand man’s 
knowledge of space, including such post-Apollo missions as the Lunar Logistic 
Supply System, Manned Orbital Research Laboratory, Extended Apollo, Project 
Voyager and Manned and Unmanned Planetary Probes. ComSat Corp., AEC 
and the Weather Bureau are drawing up plans for their growing participation 
in-the peaceful use of space. 

This issue of MISSILES AND ROCKETS provides the recognized and au- 
thoritative route to reach the men who will be making the research, design, 


engineering |and|procurement decisions in these new multi-billion dollar 
programs. 


By request, the fourth annual NASA issue of MISSILES AND 
ROCKETS will provide 5,000 bonus circulation to the decision- 
bonus circulation makers in NASA, AEC, ComSat Corp. and the Weather Bureau, 


This means more impact, more readership for your advertising 
dollars in MISSILES AND ROCKETS. 


publication date—nov.30, 1964 advertising closes—nov. 16, 1964 
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American Aviation Publications, Inc., 1001 Vermont Ave., N.W., Washington, D.C. 20005 
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Mergers and Acquisitions 


Computer Sciences Corp., El Segundo, Calif., 
has announced the intention to acquire Documen- 
tation, Inc., the Bethesda, Md., firm that operates 
NASA’s scientific information center. Agreement 
in principle has been reached and final action 
awaits approval by stockholders of DI and the 
boards of directors of both firms. Proposals calls 
for exchange of 480,000 outstanding shares of 
DI common stock for 160,000 shares of CSC com- 
mon... . Scientific-Atlanta, Inc., has reached pre- 
liminary agreement to acquire Southern Tool and 
Machine Co., Inc., of Anniston, Ala. ST&M manu- 
factures precision machinery for the electronics, 
packaging and chemical industries. The Alabama 
firm is to be operated as a subsidiary of S-A in 
support of its overall growth plans....Irving Air 
Chute Co., Inc., Lexington, Ky., has acquired 
Payne & Associates, Inc., a Raleigh, N.C., re- 
search and development organization. The action 
was described as an effort on the part of Irving 
to expand the scope of its aerospace development 
work conducted at the firm’s Para-Space Center 
in Glendale, Calif., by adding to existing R&D, 
design and engineering talent and capabilities. 
. . . Glass-Tite Industries, Inc., Meadville, Pa., 
manufacturer of electrical and electronic com- 
ponents, has announced plans to purchase Clover 
Industries, Inc., Tonawanda, N.Y., for an un- 
announced amount of cash. Clover manufactures 
both metal and plastic industrial closures used 
in the missile/space, aircraft, electronics and 
other industries to protect tubing, precision me- 
chanical and electrical subassemblies, threads, 
valves and fittings from contamination or dam- 
age prior to final assembly. 


international 


The Council of the European Space Research 
Organization has decided to construct a Space 
Laboratory in Noordwijk, Holland. The center 
is to employ 800 and will be equipped with an 
environment simulator. The simulator will be 
built by a consortium consisting of SOGEV (a 
subsidiary of Compagnie Francaise Thomson- 
Houston) and Associated Electrical Industries 
in participation with British Oxygen and Her- 
aens GmbH of Germany. ... Standard Telephone 
and Cables Ltd., British subsidiary of Interna- 
tional Telephone and Telegraph Corp., has formed 
a new division to market and expand its interest 
in advanced on-line real-time record communica- 
tion message switching systems and other com- 
puter-based system applications. ST&L is head- 
quartered in London. 


New Activities 


A new electro-optical company, h nu systems, 
inc., has been formed by Energy Systems, Inc., 
Palo Alto, Calif., as an outgrowth of ES’s Op- 
tical Systems Div. The move makes h nu systems 
an autonomous subsidiary... . Industry Diversity 
Institute has been formed in Northridge, Calif., 
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to provide diversification assistance to a pilot 
group of defense subcontractors in Southern 
California. IDI is described as proposing “to 
meet the need for a three-part market place 
where new product ideas, companies wishing to 
diversify, and new venture capital are evaluated 
for compatibility. ...”’ The board of trustees is 
composed of Southern California community lead- 
ers and business men serving voluntarily... . 
The Jet Propulsion Laboratory of the California 
Institute of Technology has formed a new divi- 
sion, Project Engineering, under the office of 
JPL’s assistant director for lunar and planetary 
projects. The division will be made up of four 
major sections—-Launch Vehicle Integration, 
System Design and Integration, System Test, and 
Launch Operation and Environmental Require- 
ments. ... Aero Geo Astro Corp., Alexandria, 
Va., space instrumentation firm, has changed its 
name to Keltec Industries, Inc. 


Missile/Space Facilities 


The Navy has taken delivery on a 60-ft.-dia. 
antenna at Rosemont, Minn., which will be used 
to feed information to a navigation satellite. 
Electronic Specialty Co. of Los Angeles was pro- 
gram manager for the antenna site, which in- 
cludes a 40-kw VHF transmitter, a data-reduc- 
tion center, a self-contained diesel power plant 
and living quarters for operating personnel. ... 
Westinghouse Electric Corp.’s Defense and Space 
Center is building a standards laboratory near 
its defense and space complex at Baltimore’s 
Friendship Airport. The facility will be built 
underground to eliminate vibration and radio 
interference and to provide the temperature 
stabilization required for calibration of stand- 
ards for the defense and space industries. The lab 
will provide 10,500 sq. ft. of working space and 
will employ 30 persons. Construction ts to begin 
in early 1965 and be completed in approximately 
one year... . American Cryogenics, Inc., has an- 
nounced plans to build a new air separation plant 
at Savannah, Ga. The facility is to produce ap- 
proximately 400 tons of liquid and gaseous oxy- 
gen, nitrogen and argon a day. 


Company Representatives 


Ack Semiconductors, Inc., Orlando, Fla., has 
been appointed to distribute the Texas Instru- 
ments line of semiconductors, resistors and ca- 
pacitors. .. . Owen-Richards Co., Inc., Birming- 
ham, Ala., has been appointed a distributor for 
the hydraulic-pneumatic products line of Liq- 
uidonics, Inc., Westbury, N.Y. O-R will service 
Georgia, Florida, Alabama and Mississippi... . 
Manufacturing Associates, Santa Monica, Calif., 
has been appointed California, Arizona and Ne- 
vada representative for Washington Aluminum 
Co., Inc., of Baltimore, Md., and Enterprise, Ala. 
WAC makes large waveguides and associated com- 
ponents, radar antennas, radio telescopes and re- 
lated structures. 
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—contracts 


AWARDS 


AIR FORCE 


$5,000,000—Philco Corp., 
Laboratories, Palo Alto, 
work, 

$4,259,373—United Aircraft Corp., Corporate Sys- 
tems Center, Farmington, Conn., to continue 
work on the 433L weather observing and fore- 
casting system. 


Western Development 
Calif., for classified 


$3,050,000—Thompsnn Ramo Wooldridge, Inc., 
Space Technology Laboratories, Redondo 
Beach, Calif., for space-ground communica- 


tions work. 

$2,402,300—FMA, Inec., Los Angeles, 
ment data-handling equipment. 

$1,600,000—North American Aviation, Inc., Ana- 
heim, Calif., for continued work on Minute- 
man guidance and control equipment. 

$1,575,295—Lockheed Aircraft Co., Sunnyvale, 
Calif., for continued work on re-entry systems. 

$1,500,000—General Electric Co., Philadelphia, for 
continued work on a ballistic missile re-entry 
penetration study. 

$1,494,714—General Dynamles Corp., Fort Worth, 
for operation and maintenance of a radar 
site at Holloman AFB, Alamagordo, N.M. 


$1,275,000—Cook Electric Co., Tech-Center Div. 
Morton Grove, Ill., for development and 
production of new type direction-finding sys- 
tem units. 


$1,100,000—International Telephone and _ Tele- 
graph Corp., Kellogg Communications Systems, 
Chicago, to supply transistorized communica- 
tions equipment for the Missile Technical Op- 
erations Communications System (MITOC) at 
the Eastern Test Range; and design, supply, 


for docu- 


install, test, operate and maintain a telemetry 
checkout system at Vandenberg Air Force 
Base, Calif. 


JET DELTA 


to key space centers 


= The only Jets between California 
and Atlanta-Orlando/Cape Kennedy 
u 15 Jet flights every day between 
Dallas and California 


$1,032,421—Lockhecd Aircraft Co., Marietta, Ga., 


for modification of Hound Dog missiles. 


$1,000,000—North American Aviation, Inc., Ca- 
noga Park, Calif., for continued production of 


Atlas engines. 


$279,000—Douglas Aircraft Co., Missile & Space 
for en- 
gineering services to support analysis of data 
and development of evaluation procedures in 


Systems Div., Santa Monica, Calif., 


support of Program 437. 


The Bunker-Ramo Corp., Defense Systems Div., 
Canoga Park, Calif., for development of ma- 
chine translation of languages at the Rome 
Air Development Center (amount undisclosed). 


Thiokol Chemical Corp., Reaction Motors Div., 
for a six-month study program 
to analyze and determine rocket propulsion 
requirements for future air-launched weapons 


Denvill, N.J., 


(amount undisclosed). 


ARMY 


$23,206,535—Bendix Corp., Teterboro, N.J., 


missiles. 
$14,845,498—Hercules Powder Co., 


Nike and Honest John missiles. 


$9,300,000—Martin Co., Baltimore, to cover pro- 
duction of Pershing missiles during the next 


fiscal year. 


$7,515,212—Ford Motor Co., Dearborn, Mich., 
for continued work on Shillelagh anti-tank mis- 


siles. 


$7,500,000—Philco Corp., Aeronutronic Div., New- 

port Beach, Calif., increment to a previously 
for 
continued research and development of the 


awarded cost-plus-incentive-fee contract 


Shillelagh guided missile. 


$4,659,000—Raythcon Co., Lexington, Mass., for 


work on Hawk missile. 


ATT 


Wig 


™ No lower Southern Airways-to-Jet 
tourist fares between Huntsville and 
California than on Delta! 

= Deluxe and tourist on every flight 


You'll remember “how pleasant” long after you've forgotten“how fast.” 


Call Delta or see your Travel Agent 
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DOELTA 


the air line with the BIG JETS 


for 
guidance and control equipment for Pershing 


Wilmington, 
Del., for continued work on propellants for 


Pomona 
Div., Pomona, Calif., for engineering services 
to support production of the Redeye missile 
system, 


$3,900,000—General Dynamics Corp., 


$3,215,000—General Telephone & Electronics | 
Corp., Sylvania Electric Products Div., Moun- 
tain View, Calif., for unspecified electronics 
research, 

$1,946,000—Rohm & Haas, Huntsville, Ala., for | 
work on solid and hybrid rocket propellants. 

$1,500,000—Sperry Rand Corp., St. Paul, Minn., 
for communications systems. 

$1,180,207—Raytheon Co., Lexington, Mass., for ] 
work on the Hawk air defense missile system. 

$463 ,000—Hayes International Corp., Birmingham, 
Ala., for Pershing missile trainer program. 

$99,000-——Hayes International Corp., Birmingham, } 
Ala., for TA-8 Towbee targets. 


NAVY 


$3,087,236—Lockhecd Aircraft Co., Missiles & 
Space Co., Sunnyvale, Calif., for repair of 
Polaris missile equipment. 

$3,000,000—The Bendix Corp., South Bend, Ind., 
for continued work on the Talos missile. 

$67,883—Northrop Corp., Ventura Div., New- 
bury Park, Calif., for target drones and spares. 


NASA 


$1,568,231—Westinghouse Electric Corp., Sunny- 
vale, Calif., for fabrication, installation and 
checkout of radiation shields on ETS-1 at 
Nuclear Rocket Development Station, Jack- 
ass Flats, Nev. 

$327,138—Cutler-Hammer, Inc., Airborne Instru- 
ments Lab Div., Deer Park, N.Y., for low-noise © 
high-gain RF preamplifier. : 

$818,000—Hayes International Corp., Birmingham, | 
Ala., for engineering, manufacturing and | 
lated services at Huntsville, Ala. 

$159,000—Hayes International Corp., Birminghagl 
Ala., for Saturn V air bearing supply. Also © 
$267,000 for development of high-pressure 
pneumatic piping. ' 

$158,470—Ling-Temco-Vought, Inc., Electronics | 
Div., Anaheim, Calif., for a thruster system. 

$115,733—Electro Mechanical Research, Princeton, 
N.J., for photon scintillators photomultipliers. — 

$70,000—Varian Associates, Palo Alto, Calif., for » 
ultra-high vacuum system. 

$68,000—-Aerospace Controls Corp., Los Angeles, 
Calif., for an accurate colimated solar simu- 
lator. - 

$64,000—Massachusetts Institute of Technology, | 
Cambridge, for back-up experiment for 
OAO-A, 

$48,235—Space-General Corp., El Monte, Calif., } 
for Aerobee 150 sounding rocket roll lock-in} 
study. | 

$39,744—Whirlpool Corp., Systems Div., 
Joseph, Mich., for space food packaging. | 

$32,300-—Lockheed Aircraft Corp., Sunnyvale, 
Calif., for Aerobee 150A sounding rocket roll | 
lock-in study. 


INDUSTRY 


$4,000,000—Honeywell, Inc., St. Petersburg, Fla., | 
from North American Aviation, Autonetics | 
Div., Anaheim, Calif., for production of ac- 
celerometers for Minuteman 11 guidance sys- 
tem. | 

$750,000—Amphenol-Borg Elcctronlcs Corp., Am- 
phenol Space & Missile Systems Div., Chats- 
worth, Calif., from North American Aviation, 
Autonetics Div., Anaheim, Calif., for delivery | 
through 1965 of 75 sets of stretch cable har- 
nesses for the Minuteman 11 program. 

$160,000—ACF Industries, Inc., Electronics Div., 
Riverdale, Md., from Lockheed Missiles nnd i 
Space Co., Sunnyvale, Calif., for a visual } 
display system for incorporation in a space 
travel simulation facility. 

Sunstrand Corp., Denver, Colo., from Westing- 1 
house Corp., Underseas Div., Pittsburgh, to | 
develop a propulsion system for the ASW 
Mark 48 (amount undisclosed). 
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—when and where— 


NOVEMBER 


Management Guide to Numerical Control, 
a seminar sponsored by the Numerical 
Control Society, The Summit Hotel, 
New York City, Nov. 12-13. 


Third International Symposium on Bio- 
astronautics and the Exploration of 
Space, sponsored by the Aerospace 
Medical Div., Air Force Systems Com- 
mand, Brooks AFB, Tex., Nov. 16-18. 


Conference on Ground Testing in Simu- 
lated Space Environment, sponsored by 
the AIAA, Huntington-Sheraton Hotel, 
Pasadena, Calif., Nov. 16-18. 


Annual Meeting of the Association of the 
U.S. Army, Sheraton Park Hotel, Wash- 
ington, D.C., Nov. 16-18. 


Tenth Conference on Magnetism and Mag- 
netic Materials, sponsored by the IEEE 
and the American Institute of Physics, 
Minneapolis, Minn., Nov. 16-19. 


Symposium on Microelectronics and Large 
Systems, sponsorcd by the Office of 
Naval Research and the Univac Div. of 
Sperry Rand Corp., Dept. of Interior 
Auditorium, Washington, D.C., Nov. 
17-18. 


Seventh Hypervelocity Impact Symposium, 
sponsored by the Army, Navy, and 
Air Force (Secret Clearance and need- 
to-know certification required for at- 
tendance), Tampa, Fla., Nov. 17-19. 


Tenth Anniversary Tri-Service Confer- 
ence on Electromagnetic Compatibility, 
sponsored by IIT Research Institute, 
Museum of Science and Industry, Chi- 
cago, Nov. 17-19. 


Northeastern States Navy Research and 
Development Clinic, sponsored by The 
Franklin Institute, Phileo Corp., Temple 
University, the University of Pennsyl- 
vania, the Office of Naval Material, the 
National Security Industrial Associa- 
tion, and others, Philadelphia, Nov. 18- 
20. 


MAECON Technical 
Hotel, Kansas 


Sixteenth Annual 
Meeting, Continental 
City, Mo., Nov. 23-24. 


Winter Annual Meeting of the American 


Society of Mechanical Engineers, Stat- | 


ler Hilton Hotel, New York City, Nov. 
29-Dec. 4. 


Joint Meeting of the American Nuclear 
Society and Atom Fair, Hilton and St. 
Francis Hotels, San Francisco, Nov. 30- 
Decum. 


DECEMBER 


Third Conference on Performance of High- 
Temperature Systems, Huntington-Sher- 
aton Hotel, Pasadena, Calif., Dec. 7-9. 


131st Annual Meeting, American Associa- 
tion for the Advancement of Science, 
Boston, Dec. 26-31. 
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editorial... 


The Aftermath 


RESIDENT JOHNSON’S massive election victory 
answers some significant questions for this in- 
dustry. Of equal importance, however, are those de- 
fense and space problems to which the election offers 
no solution and to which the President must find an- 
swers in the months ahead. 

The President’s victory is reassurance that the 
manned lunar-landing program will continue at its 
present pace and direction. Declarations by the Re- 
publican candidate had raised the question of whether 
a Goldwater Administration would have shown much 
enthusiasm for Project Apollo. The Arizona Senator’s 
references to it as a crash program showed less than 
a full understanding of the facts. 

It can be assumed that the President, who consis- 
tently had supported the lunar program since its 
initiation, will be unlikely to change his view. If 
anything, that support will be strengthened. The firm 
possibility now exists that President Johnson can go 
down in history as the chief executive who was in 
office when Americans first set foot on lunar soil. 
He surely will not want to leave that honor to a 
successor, since it will be one of the outstanding ac- 
complishments of his terms in office and one in 
which he played a significant role both as Vice 
President and President. The President also has 
shown himself well aware of the importance of the 
lunar race in this nation’s international relations. 

Vice President Humphrey, as chairman of the 
National Aeronautics and Space Council, will take 
on new importance in his relationship to the industry. 
Mr. Humphrey has not spelled out in detail his views 
of the space program, but he consistently has sup- 
ported it in the Senate, voting against amendments 
which would have cut both the NASA authorizations 
and appropriations. Unless an unforeseen change oc- 
curs, he will be assisted in his post as space council 
chairman by its able and articulate executive secre- 
tary and acting chairman, Dr. Edward Welsh. 

_Dr. Welsh deserves recognition for his unstinting 
travels to speak on behalf of the space program. 
Hardly a week has gone by during which he has not 
turned up at an industry symposium, facility dedi- 
cation or civic affair to explain in clear and simple 
terms why the people of this nation should support 
the national space effort. 

The election has left the Senate and House space 
committees under the same leadership and majority. 
There will be some familiar faces missing when they 
meet again—and this is to be regretted. These com- 
mittees have been among the most able and non- 
partisan of the 88th Congress. The losses, particu- 
larly on the Republican side of the House Space Com- 
mittee, mean the departure of some able men. It is 
to be hoped that their replacements will be just as 
dedicated to the national interest. 

One sidelight of the election was its demolition of 
what might be called the pork-barrel myth of the 
space program. Heavy investment of space and de- 
fense funds in the South by the Kennedy and Johnson 
Administrations had been challenged as an effort to 
buy votes there. It is interesting to note that those 


Southern States which went Republican—Alabama 
(Marshall Space Flight Center), Georgia (Thiokol, 
Lockheed), Louisiana (Boeing, Chrysler), Mississippi 
(Mississippi Test Center) and South Carolina (Po- 
laris)—-have been among the notable beneficiaries 
of space and defense funding since 1961. The South- 
ern allocation of space funds may have brought 
wider support for the program in Congress, but 
obviously the effect did not carry over to the Presi- 
dential election, not at least in sufficient strength 
to overcome the racial issue. 

While the Democratic landslide can be considered 
as good news for the civilian space program, it holds 
no assurance that some of the industry’s major con- 
cerns about the Dept. of Defense will be resolved. 
President Johnson in his victory speech went out of 
his way to commend the devotion of Secretary of 
Defense McNamara, which must have left the Sec- 
retary somewhat red-faced at the disclosure that he 
had failed to register and vote in the election. Mr. 
McNamara, brilliant as he has been on the adminis- 
trative side, leaves something to be desired on the 
military side of his Pentagon record—as witnessed by 
the Bay of Pigs, his declaration over a year ago that 
we soon would be able to pull out of Viet Nam, the 
Gulf of Tonkin snafu, and the Bien Hoa fiasco in 
which a handful of Viet Cong guerrillas killed four 
Americans, wounded 72 others and damaged or de- 
stroyed 28 U.S. aircraft. 

Mr. McNamara may feel that the responsibility 
for some of this rests with the military. We disagree. 
He runs the show and he is the man who has assured 
us that the new system makes it possible for him to 
handle personally and efficiently such items as the 
number of hospital beds at Andrews Air Force Base. 
If that system isn’t up to the problem of preventing 
field commanders from lining aircraft wingtip-to- 
wingtip on an airfield in hostile territory, then some- 
thing is wrong with it. 


E PREDICT that President Johnson and Mr. 

McNamara will find that the glow of enchant- 
ment which the Secretary of Defense once cast over 
Capitol Hill is gone, despite the Democratic landslide 
registered last week. Congress is no longer as im- 
pressed with Mr. McNamara’s facile memory for 
facts and figures as it once was. Mr. McNamara’s 
unquestioned administrative ability may save him a 
firm place in the new Administration lineup. But the 
growing animosity between the Secretary, on one 
side, and the military and industry, on the other, is 
reducing his usefulness in the Pentagon post. 

Two major military decisions immediately con- 
front the Administration. On one, the program defi- 
nition go-ahead for the Manned Orbiting Laboratory 
is assured., Fate of the Nike-X program is less certain. 
Secretary McNamara believes the anti-missile system 
could save more than 25% of the U.S. population in 
an attack—which President Johnson might note is 
more than voted for him in his landslide victory. 


William J. Coughlin 
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and mill its faces to * 0015” TIR, and electrochemically machine its 

integral airfoil vanes within band tolerances of .004". These operations 

on a turbine nozzle typify the broad range of machining capabilities 

available at Ex-Cell-O, where technicians work with zirconium, tungsten, 
tungsten-moly, pure molybdenum, molded graphite, Udimets, plastics, steels 
and other materials. _ Ex-Cell-O can meet your exacting specifications and 
deadlines, too, in prototype models or production quantities. '_ Contact your 
Ex-Cell-O Representative or write for specifics. Flight and Space Division, 
Ex-Cell-O Corporation, 1200 Oakman Blvd., Detroit, Michigan 48232. 64.355 
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Over 100 Successful Flights: 


At Cape Kennedy, Vandenberg and White Sands— 
Avco/RAD flies the hardware it designs and builds. | 


This is ‘‘hardware flying” with an immediate purpose—to be sure that our re-entry and space vehicles do 
the job they’re intended to do. Permanent RAD personnel at Cape Kennedy, Vandenberg AFB, and White 
Sands check out and monitor these test flights. They collect the data telemetered by the vehicle during 
launch, flight, and re-entry. They immediately feed the results back to Wilmington headquarters for 
complete evaluation of performance and reliability. And so Avco/RAD closes the loop. We start off in 
the laboratory, solving basic problems. Then we go on to breadboard systems and mock-ups, fab- 
ricate full-scale vehicles, test them and fly them. The final result—reliable, operational vehicle systems. 
That's what we mean when we Say: Avco/RAD is an integrated research and development organization. 


RESEARCH AND ADVANCED DEVELOPMENT DIVISION/WILMINGTON, MASSACHUSETTS yy VECO 


PHOTO 
REPORT 
Soviets 
Unveil New 
Missiles 


Gap Seen in U.S. 
Planetary Probes 


GD/A Proposes 
Uprating of SLV-3 


Latest Athena 


Launch Succeeds 


First Photo of Sprint 


JORENINGS HIN MAGNETOHYDRODYNAMICS 


PLASMA PhYSICS 


INSTRUMENTATION RESEARCH & DEVELOPMENT 


ELECTRICAL & NUCLEAR PROPULSION PHYSICAL ELECTRONICS 


MATERIALS SCIENCES 


ROCKET & AIR BREATHING PROPULSION . 


MATHEMATICAL ANALYSIS =» PROPELLANT CHEMISTRY DESIGN 
EXPERIMENTAL AND ANALYTICAL AERODYNAMICS AEROPHYSICS 
ADVANCED SYSTEMS ANALYSIS LOW TEMPERATURE PHYSICS 


MACHINE COMPUTATION 
«eee INFRA RED 


SURFACE STUDIES 


«a THIN FILMS Fre 


Research | 
Laboratories 


For more than three decades, the programs of the Studies are usually on an individual rather than team 
Research Laboratories have grown in scope and scien- basis — and publication of papers is encouraged — 


tific significance. Today, they ra 


nge from applied thus, achievement can lead to early professional 


research to basic studies to determine the fundamental recognition throughout the scientific community. 


nature of liquids, solids and gases. 


If you would like to learn more about this fast-growing 


So advanced are these projects that they offer real research organization with a demonstrated record of 
challenge to the ingenuity and abilities of the scientist. accomplishment, write for our descriptive brochure. 
Address yaur inquiry to Mr. E. B. Ciriack, Research Labarataries, United Aircraft Corporation — an equal oppartunity emplayer. 


Research Laboratories 


UNITED AIRCRAFT CORPORATION 


y 


missiles and rockets 


THE WEEKLY OF SPACE SYSTEMS ENGINEERING 


Volume 15, Number 20 November 16, 1964 


Editor 
William J. Coughlin 


Managing Editor 


Reed Bundy 

Senior Editors 
Charles D. LaFond................ Electronics 
William S. Beller................ Engineering 

Associate Editors 

Lawrence J. Curran...... Assistant Managing Editor 
Heather M. David.................. Space Medicine 
Michael Getler..... .......0202200.00> Electronics 
Russell) Hawk@S o s..cctios ecco. sc steno ele Industry 
Molin F. Judge. ........+20-0e5 Advanced Materials 
Robert L. Parker...........0c.cecee00. Copy Editor 
IRE Xtal PAY Ae ish pa rev ec din eave oeseravarars Electronics 
Rea VI OR es vies chp cis os oe aeesiascancise ea NASA 
AOS ST AU OF ete sssie, Siecs:pievisnic.a:s.ocsicsee ore ee a. Military 


Contributing Editors 


David A. Anderton, Warren Burkett, 
Robert Lindsey, Robert Twiss 


Friedrich Schonbach................... Art Director 

Donald Strickland............ Assistant Art Director 

Suzanne Montgomery............ Editorial Assistant 

Sally Fosnight.................. Editorial Assistant 

BUREAUS 

LOS ANGELES..... 9301 Wilshire Blvd., Beverly Hills 
PW UNSRAME OWilkS: oe ce wc ees ccs Bureau Chief 

BI EWAYORK oo)s cvstnmensios.cses 20 East 46th Street 
Michael Getler 

CAPE KENNEDY.................. 507 Orange Ave. 
Chrisi Butlers). .-5..cccccs cess. Merritt is., Fla. 

ARIS Rr te oe sissies sees 11 Rue Condorcet 
Jean-Marie Riche 

GENEV AGH ME ee rece. a oiitc ccne dec 10 Rue Grenus 


Frank G. McGuire 


EDITORIAL ADVISORY BOARD 


Dr. Peter Castruccio Alexander Satin 
Conrad H. Hoeppner Vice Adm. H. Sanders ret.) 
Richard F. Gompertz 


James W. Claar 


Publisher 
A. C. Boughton............ National Sales Manager 
Paul B. Kinney........ Eastern Advertising Manager 


Edwin J. Denker, Jr....Western Advertising Manager 
Kenneth C. Blanchard. Marketing & Research Director 


John N. Carlin.............. Director of Circulation 
Paddy Nelson............... Circulation Promotion 
R. Virgil Parker............ Director of Production 
Barbara Wiener....... Advertising Services Manager 
Cynthia Livingstone........... Production Assistant 


Published each Monday with the exception of the 
last Monday in December by American Aviation 
Publications, Inc., 1001 Vermont Ave., N.W., Wash- 
ington, D.C. 20005. Cable Address: AMERAV. 


Printed at Judd & Detweiler, Inc., Washington, D.C. 
second class postage paid at Washington, D.C. 
Copyright 1964, American Aviation Publications, Inc. 


Subscription rates: U.S. and Possessions, Canada, and 
Pan American Postal Union Nations: 1 year, $5.00, 2 
years $8.00, 3 years $10.00. All other foreign: 1 year 
$15.00, 2 years $25.00, 3 years $35.00. Air freight to 
Europe: 1 year $20.00, 2 years $30.00, 3 years $40.00. 
single copy prices: regular issues 50 cents each; 
special issues $1.00 each. Subscriptions are solicited 
nly from persons with identifiable commercial or 
Roresstonal interests in the missile/space industry. 
ubscription orders and changes of address should be 
referred to Circulation Fulfillment Mar., Missiles and 
Rockets, 1001 Vermont Ave., N.W., Washington, 
D.C. 20005. Allow 4 weeks for change to become 
sffective and enclose recent address label if possible. 


Wayne W. Parrish 
Boos 0566 CCCI Louis C. James 
Boo ¢ OCU ORDO ORIG Tee ae Fred S. Hunter 


missiles and rockets, November 16, 1964 


THE COVER 7 


“Slug” of Sprint missile being shot from 
silo in test of ejection technique and mech- 
anism. The slug, a faithful representation 
of the anti-missile missile except for some 
control surfaces, is popped 200 ft. into the 
air before tethers restrain it at Martin Co.’s 
Orlando site. Martin is Sprint developer. 
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No matter how you figure it: 


With your heart .. . Consider that the objective of 
your United Fund or Community Chest is not just to 
raise money—but also to raise human hopes. That the 
objective is not simply to get a red line to the top of 
a cardboard thermometer, but to get people back on 
their feet. That the objective is really not to meet 
quotas, but to meet your responsibilities as a member 
of the community. It's this simple: the children you 
give health and hope to today could be the ones who 
will give vitality to your town and your firm—tomorrow. 
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With your head . . . The United Way's once-a-year 
appeal supports the health, welfare and recreation 
services that make your community a better place to 
live, work and raise a family. It operates on business 
Principles. Through regular audits of budgets and 
services by local citizens, current community needs 
are fulfilled; through planning, future needs are pro- 
grammed. Help your company’s standing in the com- 
munity by your own leadership, a generous corporate 
gift and an employees’ payroll payment plan. 


Your company should give full support to 
this year’s United Way Campaign! 


Space contributed as a public service by this magazine. 


——l|etters-——— 


Dust on Our Gideon 


To the Editor: 

In regard to your Oct. 12 editorial 
(“A Bit of a Squashy Subject”), upon read- 
ing it I immediately recalled a statement 
I heard or read somewhere which went, in 
part, like this: They say we should print a 
little book of rules. Whenever a govern- 
ment official is about to make a compro- 
mise with his conscience he should refer 
to the index and see if it is permissible to 
take a kickback for granting a government 
loan. 

It will not work! If we are dealing 
with a man who does not instinctively 
know the difference between right and 
wrong, he is not going to bother to look 
it up in a book. It has never been neces- 
sary to alter, add to, or otherwise amend 
the Ten Commandments. The book is there 
and any crook who wants to know what it 
says can steal the Gideon from his hotel 
room and find out. We have the book but 
there is dust on it. The rules are plain, 
but there are too many of us trying to 
beat the game by making our own rules. 


Durwood White 
Huntsville, Ala. 


The Gauntlet 


To the Editor: 


As I was reading your Oct. 19 edi- 
torial (“The Gauntlet”) I was deeply 
shocked. 

I am greatly enthused about our na- 
tion’s space effort, and upon learning the 
facts you presented I was outraged. The 
distortionists should be hanged by their 
thumbs. 

I feel without a doubt that your edi- 
torial stresses the vital fact that underlines 
the public’s lagging to give their full sup- 
port in their own nation’s space endeavor. 
I agree strongly with your editorial, and 
my only hope is that this editorial will 
shock more people into something called 
patriotism. 

Gabriel Jacobs 
Aurora, N.Y. 


ASTROLOG REPRINTS 


REPRINTS of the latest edi- 
tion of the MISSILES AND ROCK- 
ETS Astrolog, which appeared in 
the Nov. 9 issue, may be ob- 
tained from: 


Research Department 
Missiles and Rockets 
1001 Vermont Avenue, NW 
Washington, D.C. 20005 


Price is 35 cents per copy. 
Payment must accompany or- 
der. 
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Boeing Openings 
in Computer Technology 


The Boeing Company, world leader in jet transportation, has immedi- 
ate openings in the Airplane Division for graduates in engineering, 
mathematics and business and production management, with experi- 
ence in the fields of Manufacturing and Business Data Processing 
Systems, Engineering Computing Systems, Computer Methods and 
Standards, Analog Computation and Flight Simulation, and Systems 
and Operations Research. 


These positions provide professional challenge and scope, with 
unique opportunities to move ahead in your field. 


MANUFACTURING AND BUSINESS DATA PROCESSING SYSTEMS Graduates 
in industrial engineering, production management or engineers with an 
interest in computer technology. Experience preferred in systems 
analysis and digital computer programming for commercial applica- 
tions. Assignments involve programming in such areas as production 
control, manpower forecasting, finance, facilities, quality control, 
materiel inventory control and management information systems. 


ENGINEERING COMPUTING SYSTEMS Graduates in engineering, physics 
or mathematics including some training in numerical analysis with 
large scale IBM 7000 series digital computer programming experience. 
Work involves programming engineering applications (structural analy- 
sis, digital simulation, fluid dynamics, propulsion systems analysis, etc.) 
with emphasis on the integrated system approach. Use of geometric 
mathematical models is also involved. 


COMPUTER METHODS ANO STANDARDS Engineering and business ad- 
ministration graduates with experience in large scale digital and 
peripheral hardware, systems and languages. Responsibilities include 
the development of computer software, establishing computer stand- 
ards, and the evaluation and selection of digital computer equipment. 


ANALOG COMPUTATION AND FLIGHT SIMULATION Graduates in engineer- 
ing or mathematics with experience in aerodynamics, analog and digital 
computer applications in flight simulation. Assignments include de- 
veloping and applying simulation techniques to the solution of complex 
aircraft problems, using such techniques as adaptive design, mathe- 
matical models and hybrid methods. 

SYSTEMS AND OPERATIONS RESEARCH Advanced degree in mathematics, 
statistics, engineering or physical sciences with a knowledge of systems 
engineering or operations research. Knowledge of computer program- 
ming is desired. Systems Research positions involve studying and 
developing analytical models in support of technical management for 
evaluation of alternate airplane or system design concepts. Operations 
Research assignments include research in management sciences in- 
volving decision making and operational problems, and assisting in the 
formulation and solution of these problems, 


Salaries are competitively commensurate with experience and educa- 
tional background. Boeing pays moving and travel allowances to 
newly hired personnel. Boeing is an equal opportunity employer. 

These Airplane Division assignments are near Seattle in the un- 
congested Pacific Northwest, noted for mild year-round climate, 
nationally famous recreational facilities, excellent schools and 
housing, and healthful outdoor Western living for the whole family. 
Send your resume today to Mr. Thomas Sheppard, Airplane Division, 
The Boeing Company, P. 0. Box 707-ACH, Renton, Washington 98055. 
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NEW FIFTH EDITION 


Fall-Winter 1964 {> 
50% Revised 
Order Now 


This fifth edition of the WORLD SPACE DIRECTORY lists over 17,000 key industry 
personnel in approximately 4,250 U. S. and foreign missile/space and defense- 
oriented companies, organizations and government agencies. Over 50% of the 
listings have been revised and over 400 new companies added to reflect changes in 
the industry since the last issue was published in March, 1964. 


WORLD SPACE DIRECTORY will serve as your basic guide to locating companies 
and personnel; checking titles, addresses and telephone numbers; and gathering 
reference data for production planning in the multi-billion dollar missile/space 
and defense markets. 

Order your copy of the easy-to-use WORLD SPACE DIRECTORY today. 


Please os p0000000 copies at $72.50 United States, Possessions & Canada; 
$13.50 All Other Countries. 
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The Countdown 


WASHINGTON 


No Space Czar Is Foreseen 


Discount reports that the President may establish a 
“space czar” cabinet post to direct Dept. of Defense and 
NASA space programs. The White House is against it, 
although the idea for such a post seems to have originated 
with members of the official family. The plan has run into 
two major obstacles: Secretary of Defense McNamara and 
NASA Administrator Webb. 


Science Academy To Push Unmanned Program 


National Academy of Sciences is scheduled to release 
this week the full text of its position paper on future U.S. 
space programs, recently presented to NASA. The paper 
calls for a higher priority for unmanned exploration of the 
planets than for manned space flight. Its release is part of a 
push by the Academy and certain NASA space science 
Officials for heavier funding for the Voyager program. 


Brighter Future for Budgets 


Election results may mean a small boost for the Admin- 
istration in steering its NASA and DOD budgets through 
the House, traditionally the economy-minded body in Con- 
gress. Increased Democratic membership will make avail- 
able an extra Democratic seat or two on each committee. 


No Decision Reached on Titan IlI-X 


Defense Dept. has not yet approved for development a 
non-manrated version of the Titan III-A with an Agena 
upper stage. It appears likely that Secretary McNamara will 
ask for further studies of this Titan J1I-X in comparison 
with an uprated Atlas standard launch vehicle. 


AF Denies Titan IIl Move to West Coast 


Air Force officials disclaim any plans to move Titan III-A 
equipment from Pad 20 at Cape Kennedy to Vandenberg 
AFB on the Western Test Range. Such a move was consid- 
ered more than a year ago as an initial step in building up 
a full Titan 11] capability on the West Coast but has not been 
approved—although Air Force officials believe it would 
be a logical move. 


Navy Close-Support Weapon Moves Forward 


Delivery of one of the gyro packages for test flight 
aboard a Sergeant missile at White Sands moves the Navy’s 
close-support weapon that much closer to program approval. 
The packages, built by Norden, were delivered to the Navy 
on schedule. They are expected to provide the technological 
base to prove to DOD the feasibility of an accurate, low-cost 
gyro package. This is considered an essential to program 
approval. 


Elektrons Resemble U.S. Detection Probes 


An American expert, working from unclassified sources, 
equates the Soviet Elektron series of satellites with the U.S. 
nuclear detection satellites. There are two satellites in widely 
separated orbits. The Elektrons, however, seem to be scien- 
tific in nature, providing synoptic readings of various parts 
of the radiation belts. 
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Titan Ill, Asset Launches Are Set 


Titan III-A is scheduled for launch this week on the 
Eastern Test Range. This will be the third in the 17-flight 
program. Next Asset launch is set for December. This will 
be the next to last in the six-vehicle lifting body test program. 


MOL $100-Million Budget Request Seen 


Air Force Systems Commander Gen. Bernard A. Schrie- 
ver tells COUNTDOWN that a go-ahead for the Manned Orbit- 
ing Laboratory will mean a $100-million FY ’66 budget 
request. Air Force plans to move quickly into some areas of 
hardware development to shorten the normal program- 
definition time scale. 


SSGS Program Future Is Uncertain 


Top Air Force officials say the program to develop a 
Standardized Space Guidance System (SSGS) will remain 
an advanced technology effort for at least the next year, with 
no commitment for a specific hardware program. There is 
some debate as to whether the program should be continued 
at all. 


INDUSTRY 


Langley Asks for Ramjet Proposals 


Langley Research Center is asking for proposals on a two- 
phase program to develop a hypersonic ramjet engine with 
a Mach 3-8 performance capability. Three firms will be 
selected for the first phase, which calls for design and 
development of a laboratory-size liquid hydrogen engine. 
Follow-on phase would result in selection of one firm for 
final design, development, construction and ground testing. 


Marshall Services Draw 65 Bids 


Marshall Space Flight Center has received 65 bids for 
support service contracts at 10 of its laboratories and 
offices. Bids resulted from more than 678 requests for pro- 
posals sent out over a six-week period beginning last Aug. 1. 


INTERNATIONAL 
French Show Off New Missiles 


The French Army, during a recent presentation of new 
weapons, unveiled the new Franco-German (Nord-Boelkow) 
anti-tank missiles Milan (range 1.3 miles with infrared 
guidance) and Hot (range more than 2 miles with optical 
guidance and tube-launching). Also shown was the light 
anti-aircraft missile for which the French designation is 
SABA and which the Germans call Roland. This ground-to- 
air missile weighs more than 130 Ibs. and has a range of 
some five miles. It is said to be effective against aircraft up 
to an altitude of 9,000 ft. 


Australians Plan Defense Increase 


In what is described as a major foreign policy shift, the 
Australian government has introduced into Parliament a bill 
calling for a 20-percent increase in defense expenditure. It 
also calls for a compulsory military service. Expected result 
is a larger Australian role in Southeast Asia defense, with 
particular impact on Indonesia. 
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DOD Budget Below $50 Billion 


Defense Secretary Robert S. Mc- 
Namara predicted that the Fiscal 
Year 1966 defense budget, including 
military assistance, would be held at 
about the current spending rate, 
which is running at approximately 
$49.8 billion. This figure, he said at 
a press conference after his visit to 
the Texas ranch of President John- 
son, is about $1.25 billion less than 
FY ’64 spending in spite of a billion- 
dollar military pay increase. 

Emphasizing that the cuts are a 
result of economies within the de- 
partment, McNamara claimed that 
military strength will increase un- 
der the new budget. The Secretary’s 
comments were interpreted as con- 
firmation that the overall national 
budget would be under $100 billion. 


NASA Transfers Agena Funds 


NASA has transferred $800,000 
from its Lewis Research Center to 
the Space Systems Div. of the Air 
Force Systems Command for initial 
incremental funding of eight Agena 
launch vehicles. 

Two of the vehicles produced by 
Lockheed Missiles & Space Co., will 
be used to launch the passive geo- 
detic satellites, PAGEOS A and B. 
One launch is definitely scheduled; 
the other is a backup and presumably 
could be flown if necessary. 

The other Agenas will launch the 
Orbiting Geophysical Observatories 
B and E, Lunar Orbiters D and E, 
and two Advanced Technological Sat- 
ellites, A and B. 


‘Electronic AP’s’ Ready for Duty 


An automatic security surveil- 
lance system will soon be installed at 
more than 100 Atlas and Titan ICBM 
sites throughout the U.S. by the Air 
Force Systems Command’s Electronic 
Systems Div. 

The 410L system operates on the 
doppler-radar detection technique and 
consists of three major components— 
a remote transmitter, a remote re- 
ceiver and an annunciator. The sys- 
tem will take over the duties of more 
than 1,300 air policemen at the mis- 
sile site underground command posts. 


Mariner IV Shot in Question 


Launch of the second Mariner 
Mars probe is scheduled for Nov. 17 
at the earliest, but will probably slip 
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First Flight of LLRV Announced 


NASA PROJECT PILOT Joseph A. Walker is shown aloft in first flight of Flight 
Research Center's Lunar Landing Research Vehicle. Walker told those attending the 
recent Third Annual Manned Space Flight Meeting, Houston, that he took the bug-like 
vehicle on its maiden journey Oct. 30 at Edwards, Calif. Program is in support of 
Project Apollo, and the LLRV was built for NASA by Bell Aerosystems, Buffalo, N.Y. 
Total free-flight time on first test was just less than a minute, with the vehicle rising 10 ft. 


to Nov. 20 or 21, NASA officials pre- 
dict. 

Scientists met at the Cape late 
last week for further investigation 
into the failure of the first probe, 
Mariner III, launched Nov. 5 from 
the Cape. 

NASA officials believed, however, 
that detailed analysis of data from 
the previous shot might focus atten- 
tion on the shroud jettison mecha- 
nism, suspected cause of the Mariner 
IIT failure less than 10 hours after 
launch. 

First sign of trouble came about 
42.5 minutes after lift-off when the 
solar panels of the spacecraft failed 
to deploy. Sun acquisition was never 
accomplished although 17 emergency 
signals were sent. Though the failure 
is still a mystery, JPL scientists feel 
that a likely explanation is that the 
spacecraft shroud, on being jetti- 
soned, did not clear the. probe and 
may have damaged it. 

Last contact with the spacecraft 
was recorded at Johannesburg, South 
Africa, when Mariner was some 76,- 
000 miles out. Telemetry had con- 
tinued to indicate a steady power 
drop. Shortly before transmission 
stopped, the spacecraft was sent a 
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stored command to fire the midcourse 
correction engine. As far as can be | 
determined, this was not accom- 
plished. 


Mercury Monument Dedicated | 


A monument in tribute “to the | 
men and women who contributed to | 
the success of Project Mercury” was | 
dedicated Nov. 10 at Cape Kennedy. | 
Dr. Edward C. Welsh, executive sec- } 
retary of the National Aeronautics | 
and Space Council, officiated at the 
ceremony. 

Site of the monument is Launch 
Complex 14, used for the four Mer- | 
cury orbital flights in 1962 and 1963. 


Philco Gets Shillelagh Pact 


A $20.6-million contract for mass | 
production of the Shillelagh anti-tank 
missile has been awarded Philco | 
Corp.’s Aeronutronic Div. by the U.S. 
Army Materiel Command. 

The award covers plant activation, 
certain tooling costs and initial pro- 
duction of missiles and guidance and, 
control equipment. 

Aeronutronic General Manager ‘| 
John B. Lawson said that the divi- || 
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Sion will soon begin activation of a 
government-owned plant in Lawn- 
dale, Calif., for the missile and 
equipment production. 


HIBEX Test Successful 


Successful static test of the high- 
acceleration motor for HIBEX paves 
the way for the start of flight tests 
at White Sands Missile Range, N.M., 
later this year. All major test objec- 
tives were met, Defense officials re- 
port. The test was conducted at the 
Hercules Powder plant near Cumber- 
land, Md. Hercules is propulsion con- 
tractor to Boeing for the HIBEX ve- 
hicle. 

HIBEX is an experimental pro- 
gram expected to lead to a high-ac- 
celeration missile for defense of hard 
sites, such as ICBM emplacements, 
against ICBM warheads. Ten flight 
tests are planned in the experimental 
program which is to be concluded by 
mid-1965. 


ComSat Gets RFP Replies 


Six firms have replied to the Com- 
munications Satellite Corp.’s request 
for proposals on ground terminal sta- 
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tions for the global communications 
system. (M/R, Oct. 26, p. 10). 

Summary proposals to provide re- 
search data and consultant services 
for the design and performance of 
the stations were received from: 
American Telephone & Telegraph 
Co.; ARCS Industries, Inc.; Daniel, 
Mann, Johnson & Mendenhall; Hughes 
Aircraft Co.; Page Communications 
Engineers, Inc.; and Westinghouse 
Electric Corp. One or more of the 
firms will be selected for the work. 
Winners will be restricted from pro- 
viding equipment for construction 
of the stations. 

The ComSat action would indicate 
that the corporation expects a favor- 
able ruling from the Federal Commu- 
nications Commission on operation 
and control of the initial ground sta- 
tions (M/R, Nov. 2, p. 8). Some ac- 
tion by the FCC is expected within 
the next few weeks. 


Shots of the Week 


Athena on Nov. 7 achieved its 
first success in four launchings (see 
p. 32) while the Mariner III Mars 
probe launched two days earlier was 
given up as a failure when the craft’s 
shroud apparently failed to clear the 
probe (see item, p. 8). The Athena 


shot was from Green River, Utah; 
Mariner III, from Cape Kennedy. 

@ The Air Force on Nov. 5 suc- 
cessfully launched the fourth Minute- 
man ICBM in as many days from 
Vandenberg AFB, Calif. 

® An Air Force crew from Mc- 
Connell AFB, Kans., successfully 
launched a Titan IJ ICBM from Van- 
denberg AFB, Calif., on Nov. 4. 

@® A Malmstrom AFB, Mont., 
erew launched a Minuteman from 
Vandenberg AFB, Calif., Nov. 9. 


DOD Officials Departing 


Two top-level Pentagon officials 
are expected to leave their posts in 
the election aftermath. 

One of the first to depart will 
probably be Thomas D. Morris, As- 
sistant Defense Secretary (Installa- 
tions and Logistics), who had ex- 
tended his planned length of service 
at Sec. McNamara’s request. Ex- 
pected replacement will be Army 
Under Secretary Paul R. Ignatius. 

Paul B. Fay, Jr., Under Secretary 
of the Navy, is also predicted to 
leave the Pentagon—possibly before 
the end of the year. His replacement 
will probably be Kenneth E. BeLieu, 
Assistant Secretary of the Navy (In- 
stallations and Logistics). 


Coupling Capabilities IT 
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This balanced valve coupling was developed 
by On Mark to transfer N20; and UDMH from 
ground supply to the tanks of the Titan fH. It 


can be connected or disconnected at pressures 
up to 900 psi by one man using one hand. 
Socket and adapter are self-sealing; there is no 
separation force, no danger from blow-out. 


This concept is also used in 
couplings for the Saturn 
program — one of the many 
On Mark developments 
to meet the stringent 
requirements 

of the aerospace 
industry. On Mark 
specializes in design 
to specifications. 
Write On Mark. 
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Over next four months... 


ERC To Let 35-40 Contracts 


First requests for proposals go to industry Nov. 18; $2 million 
total is spread thinly over center's major laboratory sections 


BostoN—NASA’s newly created 
Electronics Research Center will issue 
between 35 and 40 contracts, averaging 
about $50,000 each for a total of $2 
million, within the next four months. 

The center’s burst of initial activity 
will include funded studies in each of 
the 10 major laboratory sections into 
which the Center’s work is divided. 
Most of the contracts are expected to 
run for one year. 

The intent, ERC Deputy Director 
Dr. Albert J. Kelley told MissiLEs AND 
ROCKETS, is to get work started in each 
major area, even though at relatively 
low funding levels, so that increased 
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activity can follow quickly in FY ’66 
in a number of key technical areas 
when the Center’s budget, staff and fa- 
cilities will be considerably expanded. 
Kelley said the technique of spread- 
ing early funding thinly across the board 
to get things moving worked well in the 
days when the Washington-based elec- 
tronics and control section of NASA’s 
Office of Advanced Research and Tech- 
nology was just getting under way. 
ERC has already advertised its in- 
tention to issue its first requests for pro- 
posals for a study to aid in development 


10 Expected To Bid on AEC Work 


SEVERAL missile/space firms 
are expected to respond to requests 
for proposals that have been issued 
by the Atomic Energy Commission 
for operating its production reactors 
and fuel fabrication facilities at Han- 
ford, Wash. 

Fourteen companies have been 
invited to bid, and 10 are believed 
ready to respond, including Douglas 
Aircraft Co., Aerojet-General Nu- 
cleonics, The Martin Co. and West- 
inghouse Electric Corp. 

Others invited to submit bids by 
the Nov. 30 deadline were Allis- 
Chalmers, American Machine & 
Foundry Co., The Dow Chemical 
Co., The Firestone Tire & Rubber 
Co., Kaiser Industries Corp., Thomp- 
son Ramo Wooldridge, Inc., United 
Nuclear Corp., and U.S. Steel Corp. 

Reactor and fuel-fabrication work 
is expected by AEC to be a $30-mil- 
lion-a-year operation by 1966, with 
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total employment figured at 1,800 
by July, 1966. Employment by mid- 
1967, however, is expected to drop 
2,000 below its present level because 
three reactors will be shut down at 
Hanford. 

Partly because of this, one of the 
major yardsticks AEC will use in 
contractor selection will be the 
amount of company funds a firm 
may be interested in investing in the 
area. Several bidders see this compe- 
tition as an opportunity to expand 
and diversify. 

Douglas has indicated that if se- 
lected, it will spend $2-3 million on 
a new laboratory, while Aerojet-Gen- 
eral, in outlining its plans should it 
be selected as contractor, said it has 
already picked a management team 
for the operation. It would be headed 
by G. A. Linenburger, vice president 
and manager of Aerojet’s Nucleonics 
Div. 


of future interplanetary guidance and 
navigation systems. ERC officials told 
M/R that RFP’s on this first ERC 
award should go to industry Nov. 18. 

@ Initial contracting scope—Within | 
the total number of awards to be let in | 
the second and third quarters of this 
fiscal year, these are the key areas, listed 
roughly in order of their priority: 

Components—ERC will look at a 
host of devices specifically designed for 
space use. Contracts are expected in the | 
study of new high-temperature active 
devices, including the so-called “amor- 
phous” materials that can operate in ex- | 
tremely high temperatures without los- | 
ing the desired electrical properties. 

Also in this area, contracts are ex- | 
pected for new research in thin-film cir- 
cuits, particularly active devices, and in | 
studies of interconnection and packag- | 
ing problems associated with microelec- 
tronics. i 

Qualification and Standards—Sev- 
eral different contracts will be let in | 
this area covering techniques for selec- } 
tion of proven electric devices for space | 
application, the techniques by which | 
components can be qualified and stand- 
ardized by type, and new testing and 
statistical correlation methods. 

ERC work in this area will be tied 
closely to NASA Headquarters’ new 
Parts Steering Committee and to the 
Office of Reliability and Quality As- 
surance. The aim is to develop standard | 
specifications for space-qualified com- | 
ponents within the next few years. 

Guidance—ERC will issue studies 
in the area of sensitive low-level accel- | 
erometers, attempting to broadly survey 
an area in which many firms are work- 
ing and many approaches are being } 
pursued. 

The Center is also expected to sup- | 
port continuing research on the newer | 
unconventional sensors such as laser 
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yros, electrostatic and cryogenic gryos, 
nd nuclear resonance sensors, in addi- 
ion to contracts concerned with meth- 
yds to test some of these instruments. 
)f particular concern is the requirement 
o test low-level accelerometers down to 
-levels below 107? cm/sec? (equal to 
_g) to perhaps 10° cm/sec?. 

ERC will also fund studies of guid- 
nce systems simplification possibilities, 
ot necessarily associated with particu- 
ar missions, but rather some across-the- 
oard improvements, such as alterna- 
ives associated with on-board storage 
eIsus on-board computation, use of 
nanual sextants, and re-study of the 
nathematics associated with setting up 
he guidance frame of reference. 

Control—ERC will issue a contract 

n the area of artificial intelligence ap- 
ication to spacecraft control. These 
echniques differ from adaptive ap- 
roaches in that the artificial systems 
vill set up their own optimum operat- 
ng conditions. 
' Microwaves—Within this lab, con- 
racts will be put out on the sub-milli- 
neter portion of the spectrum, reflecting 
1 Major interest by ERC in this region. 
Awards also will be made in the area 
yf near-field radar propagation meas- 
Irements, particularly those associated 
with the rendezvous docking mode. 

Space Optics—Most significant new 
study here will be one directed at the 
fect of the radiation environment on 
various laser systems, and another on 
yptical waveguide designs. 

Instrumentation—A key effort in 
‘his area will be related to the emphasis 
yn the sub-millimeter field. ERC will 
support new work in development of 
rechniques for measuring radiated power 
in the sub-millimeter region. 

e@ Assuming OART work—Some 
of this year’s contract effort at ERC 
actually represents renewals of pro- 
aTams started by OART’s Electronics 
and Control directorate in NASA Head- 
quarters. The Washington-based ERC 
operation will be getting out of the in- 
dustrial contracting business entirely 
as ERC begins to function. 

The Washington office will concen- 
trate on administering research grants 
to universities. ERC will also do busi- 
ness with the universities, but primarily 
on a contract basis, with a specific work 
Statement rather than through grants. 
ERC also will serve as a technical moni- 
tor of some of the university grant re- 
search. 

Though the ERC study on inter- 
planetary guidance does not appear at 
the top of the priority list, it was réady 
first and will be the first one out of the 
Center. The contract, however, could 
become one of the most attractive guid- 
ance studies dispensed to industry, and 
the response to the original request for 
R&D sources has been very heavy. 

A single contractor will be selected 


from those competing. 

@ Mathematical model needed— 
The primary objective of the award will 
be to develop an analytical mathemati- 
cal model that will enable ERC to pur- 
sue a directed program of research in 
systems suitable for interplanetary mis- 
sions. The contractor will develop the 
model by surveying the broad field of 
guidance and navigation systems, choos- 
ing a representative set of missions and 
the guidance functions required for 
them. 

Once the model is developed, the 
contractor can take particular guidance 
systems, exercise them with the model 
to see what type of missions they can 
perform, and then recommend to NASA 
specific research programs that should 
be undertaken to insure that the state 
of the art is available to satisfy these 
mission demands. 

Results of the study will be made 
available to industry, according to 
NASA officials here. 

NASA scientists say most of the 
effort similar to this undertaken thus 
far has been directed at defining pro- 
pulsion requirements, and that the guid- 
ance and navigation field has not been 
analyzed in the necessary depth for 
these missions. 

ERC interest in this contract will 
focus primarily on the mid-course and 
planetary-entry phases of guidance for 
both manned and unmanned vehicles. 

Virtually the entire guidance effort 


at ERC now and in the near future will 
focus on the post-Apollo 1970-period 
requirements, with special emphasis on 
the interplanetary missions. 

® Required component performance 
—wUsing the two key parameters of 
gyro drift-rate and lifetime, scientists 
here make these rough approximations 
of what will be required: for the manned 
missions to planetary distances, gyro 
drift rates limited to about 10° deg./hr. 
will be necessary in combination with 
gyro lifetimes of about 100,000 hrs. 
MTBF; for the unmanned missions, 
rates on the order of 10 deg./hr. will 
probably be acceptable. The research 
into electrostatic and laser gyros, for ex- 
ample, is expected to provide these 
types of guidance systems. 

For the lunar program, scientists 
here say that Apollo technology will 
provide drift rates of about 10 deg./ 
hr. and MTBF figures of about 10,000 
to 20,000 hrs. 

To get to the post-Apollo levels, 
particularly combining both the very 
low drift rates and very long lifetimes, 
is an “extremely tough task,” scientists 
here admit. But they are not yet con- 
vinced that what they think will be nec- 
essary is, in fact, necessary. This is one 
of the primary reasons for developing 
the mathematical model. NASA would 
like first to refine its estimates of exactly 
what the requirements will be, and then 
evaluate the possible accuracy versus 
lifetime trade-offs. B 


Better R&D Distribution Urged 


Far-reaching moves have been 
recommended by a Congressional 
committee to equalize the national 
distribution of federal research and 
development funds. 

The House Science and Astro- 
nautics Committee subcommittee on 
science, research and development 
says it has found that the situation 
is now severe enough to warrant 
Temedial action by the government. 

Major R&D agencies that voiced 
their feelings to the subcommittee 
made it quite clear they are opposed 
to any radical interference in their 
contracting placements. 

However, the plan the committee 
suggested is geared to future R&D 
programs, which would not be tied 
to existing resources. 

Perhaps the strongest of the rec- 
ommendations contained in the sub- 
committee report were those calling 
for additional funds to be included 
in the National Science Foundation 
budget to insure the existence of at 
least one major center of excellence 
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in research and technology in each 
appropriate region of the nation, and 
for the Defense Dept. and NASA to 
place emphasis on building new cen- 
ters of science and technology when 
obsolescence of existing facilities in 
research-concentrated areas is re- 
vealed. 

The group, which is chaired by 
Rep. Emilio Q. Daddario (D-Conn.), 
called for the White House to con- 
vene at the earliest feasible time a 
government-industry conference to 
study problems. The conference was 
advised to explore ways and means 
of equalizing distribution through: 1) 
identification of now unused technical 
capability in the research-poor sec- 
tions of the nation; and 2) broader 
and more inclusive subcontracting. 

The conference should include 
representatives from all government 
agencies substantially engaged in re- 
search and all segments of industry 
involved or likely to be involved, the 
group said. 
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As Soviets move on... 


Fund Limitations Force Voyager 
Mars Mission Delay Until 1971 


THE FIRST Voyager mission to 
Mars is now scheduled for 1971. NASA 
has reluctantly decided to forego the 
1969 launch window, as it did the 1966 
opportunity, because of funding limita- 
tions, 

This means that with the exception 
of Mariner IV, planned for launch this 
week, the United States has withdrawn 
from unmanned planetary exploration 
until the more capable Voyager space- 
craft is available. 

At the same time, NASA officials 
admit that by 1971, the Soviets may 
have launched 30 spacecraft as against 
four for the U.S. 

Unmanned planetary exploration is 
an area in which the U.S. has con- 
sistently lagged behind the Soviets. 

As Dr. Charles S. Sheldon II of the 
Space Council points out elsewhere in 
this issue (p. 15), the Soviet effort is 
five to six times the U.S. effort. So far 
the U.S. has been “saved” by Soviet 
technical problems in the areas of 
launching from orbit and spacecraft re- 
liability, but once these are solved, Shel- 
don says, a wide range of lunar and 
planetary missions of “considerable so- 
phistication” are likely to occur. 

Another Administration official told 
MissiLES AND ROCKETs that the Soviets 
have launched two, and sometimes 
three, unmanned planetary spacecraft 
during each launch window—and there 
is no indication that they have aban- 
doned this practice. 

@ For want of a nail—All current 
NASA planning, including the prepara- 
tion of the contractors’ work statement 
and the procurement plan, are geared to 
provide spacecraft for the 1969 launch 
window. In fact, “there is the possibility 
of a very significant procurement in the 
near future,” according to one NASA 
source. By mid-December or Jan. 1, the 
space agency plans to proceed with 
Phase 1 preliminary design competition 
procurement for the Voyager space- 
craft. A program approval document 
has been signed by Associate Adminis- 
trator Dr. Robert Seamans, and the 
funds are included in the Fiscal Year 
1966 budget. 

But the funds earmarked for the 
program in the ’66 budget submission 
—now under consideration by the Bu- 
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reau of the Budget—would not support 
a 1969 misison. What this means, M/R 
was told, is that the planning predicated 
on the 1969 misison would still be fol- 
lowed, but the Phase 1 effort and sub- 
sequent development would be stretched 
out to conform to the lower funding and 
the concomitant 1971 launch schedule. 

For an estimated $20 million in- 
crease in Voyager funding, the space 
agency could conduct a worthwhile Mars 
fly-by mission, using Voyager compo- 
nents and an Atlas/Centaur launch ve- 
hicle. Instrumentation for this mission 
would probably be that proposed for the 
1966 mission by a special “tiger team” 
of young, dynamic scientists at the Jet 
Propulsion Laboratory. 

By increasing Voyager funding by 
$50 million, NASA would be able to 
launch a much heavier and more repre- 
sentative spacecraft using the three-stage 
Saturn 1B/Centaur. This would be es- 
sentially a Voyager test flight and would 
pave the way to take maximum advan- 
tage of the 1971 launch window—the 
best opportunity for the mission in the 
15-year Mars-Earth synodic period. 

@ Ball game still not over—Just six 
months ago, the space agency had 
planned to perform the 1969 Mars mis- 
sion with the Atlas/Centaur with an 
overlapping in 1971 with the Saturn 1B. 
However, about a month and a half ago, 
when the agency began seriously work- 
ing on the budget, it became apparent 
that this plan required “a new start” in 
1966 with quite a bit of additional fund- 
ing involved. 

Since the agency feels it has reached 
the budgetary plateau Congress will sup- 
port, and since NASA feels it is essen- 
tial that Apollo hardware be exploited 
as rapidly as possible in regular, sched- 
uled lunar flights and long-duration 
Earth orbital missions, there was little 
money available for a new start. 

A series of studies was conducted 
to determine what could be accomplished 
within the budgetary restraints. Various 
launch vehicles (Atlas/Centaur, Floxed 
Atlas and the Saturn 1B/Centaur), 
spacecraft (a more advanced Mariner, 
Voyager components, Voyager bus, and 
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the bus plus “tiger team” package) 
and mission profiles (fly-by, orbiter and 
lander) were considered. 

The agency decided it was more eco- : 
nomical to go directly to Voyager. | 
Equally important was the evaluation | 
that there was more growth potential in } 
the Voyager-Saturn 1B/Centaur com-! 
bination. 

This approach was recommended | 
to, and approved by, NASA adminis- 
trator James E. Webb. 

In the cover letter submitted to the 
budget bureau by NASA, however, | 
Webb strongly recommended that the? 
funding be made available so that the 4 
space agency could conduct some sort 
of 1969 Mars mission. “It is the position } 
of the agency,” one official told M/R, 
“that this is the next mission that the 
agency would like to do.” 

The decision as to what pace should 
be adopted for the U.S. unmanned plan- | 
etary program, therefore, now rests | 
with the Budget Bureau, the President’s | 
scientific advisory committee, the Na- 
tional Academy of Sciences and the | 
Presidential Science Adviser, Dr. Don- | 
ald P. Hornig. 

@ Voyager, a silver lining—One of | 
the bright spots in this picture is the | 
fact that Voyager, in all the analyses 
undertaken, survived the test of whether 
or not the agency really wanted to do | 
the mission. The program, until about | 
a year and a half ago, was more a nebu- | 
lous, advanced planning objective for a | 
greater capability spacecraft beyond } 
Mariner. 

Voyager now has crystallized as the | 
next step in the U. S. unmanned explora- 
tion of the planets. In fact, the Mariner } 
and Voyager programs have been} 
merged into a single system. This space- | 
craft will be designed primarily for | 
Mars exploration, but will be adaptable | 
to Venus missions—with some compo- 
nents capable of even more distant ex- 
ploration. 

Voyager, as presently envisaged, | 
would weigh about 7,000 Ibs. and would | 
consist of a spacecraft bus—housing the 
retro-propulsion unit, the orbiter and. 
housekeeping functions—and the lander 
(or landers) for studies of planetary 
surfaces. y 


i 
By MSC officials . . . 


Apollo-X Presentation 
Is First Step Toward 
NASA Space Station 


Seamans receives plan recommending program definition 
in FY ‘66; up to 18 flights proposed from 1968-1971 


MANNED SPACE FLIGHT offi- 
cials have taken the first step leading 
to a NASA space station program with 
the presentation of plans for the Apollo- 
X spacecraft to Associate Administra- 
tor Dr. Robert C. Seamans, Jr. 

The plans call for the program-defi- 
Nition phase to be initiated in the next 
fiscal year, with early plans recommend- 
ing as many as 18 flights in the 1968-71 
period. 

The presentation on Apollo-X was 
made last week. 

In addition to modification work on 
the Apollo spacecraft and extending the 
capability of certain of its subsystems, 
the new project will provide many new 
contracts for industry because of its re- 
quirements for new scientific experi- 
mental payloads worth hundreds of mil- 
lions of dollars. 

For flights up to 45 days, the space 
for additional expendables and experi- 
ments will be provided by removing the 
ascent stage propulsion from the Lunar 
Excursion Module. For flights up to 
two months, two propellant tanks would 
be removed from the Service Module 
to provide the necessary space. 

Apollo-X will be followed by the 
first true NASA space station, which 
will be launched in the 1972-73 period. 
This project is expected to go to pro- 
gram definition in either FY ’67 or ’68. 
It will be capable of supporting six to 
12 men for more than a year. 

® Configuration debated—There is 
currently some disagreement within the 
Space agency as to just what configura- 
tion will be selected for the first space 
station. 


by Hal Taylor 


Certain officials at the Manned 
Spacecraft Center, Houston, want to 
add modules or laboratories to the 
Apollo spacecraft, increasing its capabil- 
ity to six to nine men. Later, according 
to the MSC officials, three of these mod- 
ules would be joined together to provide 
a space station capable of housing from 
18-36 astronauts. 

’ Headquarters officials, however, se- 
riously doubt that such a large orbiting 
station will ever be required by the U.S. 
space program. They currently lean in- 
stead toward the Langley Research Cen- 
ter’s Manned Orbiting Research Labora- 
tory (MORL) approach, which calls for 
development of a new spacecraft to 
house its six to 12-man crew. Apollo-X 
or a regular Apollo spacecraft would be 
used as the logistic vehicle. 

In discussing MSC space station re- 
search, William Stoney, chief of Ad- 
vanced Spacecraft Technology and De- 
sign, said that Project Apollo and its 
associated research, development and 
Taunch vehicle systems can perform 
most of the work needed to qualify men 
and spacecraft for longer missions. 

@ Space power obstacle—Stoney 
said that power is the biggest roadblock 
to space station development. “We could 
try to get the necessary capability with 
solar cells,” he said, “but this has in- 
herent problems. The cells create extra 
drag and you must keep the panels 
pointed to the Sun. This restricts your 
freedom of movement. Forty kilowatts 
will require 2-3 million solar cells. 

“The SNAP systems are interesting, 
but we have to understand how to shield 
people who will wander around outside 
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the spacecraft. Radioisotope generators 
and thermionic units, marked by their 
high temperatures, are also possibilities. 
So are fuel cells because they produce 
water, and we will need water, but 
they are time limited.” 

He continued by observing that ex- 
tended life-support systems and im- 
proved landing systems will be needed 
from industry. 

® Building-block approach—Stoney 
said MSC is studying modules capable 
of being integrated into a more complex 
Spacecraft structure. Plans call for put- 
ting the modules in space for six months 
or a year and testing components with 
the Apollo-X. These modules could be 
substituted for the LEM. 

“If we have a national space station, 
these parts can be developed and tested 
singly by launching them on a Saturn 
IB, or by putting them all together and 
launching them on the Saturn V. The 
power section could be one module. One 
could also put two of the living modules 
on Apollo and launch them with the men 
on a Saturn V,” he said. 

He suggested that an intermediate 
space station, which could dock with 
an Apollo, be made. “This would be one 
arm of the Y-shaped space station,” he 
said. 

These modular components would 
allow a “large” space station to be 
broken down and given the same rigor- 
ous ground tests that the Apollo space- 
craft modules will receive, Center offi- 
cials said. For instance, one or more 
of the modular rooms, experiment cap- 
sules, or power packages could be placed 
in the main space chamber at MSC for 
simulated space missions before being 
launched. 

Building up to a single arm of the 
space station will give accommodations 
for six to nine men while a determina- 
tion is made on the larger 18 to 36-man 
station. Three stacks may be combined 
for a Saturn V launch of a three-armed 
station. 

Stoney said that these Apollo-ori- 
ented plans do not necessarily mean a 
monopoly for North American and 
Grumman. “We'd like to find ways to 
use other companies and get them into 
the game. After all, Ford made Con- 
vair bombers during the war,’ he 
pointed out. 

Stoney also proposed that the new 
NASA university spacecraft grants pro- 
grams might encompass manned as well 
as unmanned payloads. Aerospace com- 
panies might work with selected univer- 
sities to design, build and test experi- 
ment modules to be flown on Apollo 
missions. Astronauts and scientist-astro- 
nauts might be used to operate the ex- 
periments, he speculated, or the experi- 
mental packages could be launched with 
manned flights. a 
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Titan Ill or Saturn IB? . 


Launch Vehicle Jockeying Begins 


Agreement sought on whether NASA, Air Force should develop 
high-energy third stage; DOD appears to favor Centaur 


NASA AND the Defense Depart- 
ment are attempting to reach agreement 
on which agency should develop a new 
third stage for the Titan III or the 
Saturn 1B. Meetings of the Joint NASA- 
DOD launch vehicle panel of the Aero- 
nautics and Astronautics Coordinating 
Board have been held, and several trade- 
off studies ordered to provide a factual 
basis for an agreement. 

Space agency officials, it is under- 
stood, are advocating use of Centaur 
as the high-energy upper stage for both 
vehicles, while the Air Force is pressing 
for development of a completely new 
high-energy liquid fluorine engine. The 
Defense Department appears to be lean- 


AIR FORCE Titan UI (left) and NASA Saturn 1B vie for advanced missions. Space 


ing toward the NASA position on the 
basis of greater cost/effectiveness. 

Air Force contention is that there is 
no point in uprating a stage (Centaur) 
that has limited growth potential at 
best. It would be more advantageous 
and be a more effective use of the funds 
to develop a new technology (fluorine) 
with an untapped growth potential. 

® Crucial decision—In addition to 
the availability of Centaur vs. develop- 
ment of a new engine, NASA forsees 
the decision as indicative of which 
booster will be used extensively for ad- 
vanced lunar and planetary missions. 
The Air Force, if allowed to develop 
the engine, would have a more persua- 


agency wants Centaur upper stage for Saturn; AF proposes all-new Titan stage. 
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sive argument for use of the Titan IL 
in NASA programs. 

The Saturn 1B has no capability to 
launch payloads on escape missions. 
The Titan 111-C, with the present tran- 
stage, could boost 5,000 Ibs. to escape. } 
With Centaur added to the /B, officials 
estimate that its escape payload would 
be adequate to send 7,000-9,000 lbs. to q 
the near planets—Mars and Venus. An” 
additional advantage of the /B is that 
the payload size is not as constrained as. 
it would be in the Titan IJI-C envelope. | 
The entire 260-in.-dia. of the 1B could 
be used by shrouding both the payload 
and the Centaur, while extending the 
shroud diameter in the Titan I1I beyond 
120 in., would require hammerheading } 
the vehicle. 

® Pro-Titan—Advantages of the 
Titan 11], on the other hand, are the’ 
classic virtues of that vehicle: cost, re- 
liability, versatility and rapid launch’ 
rate. But since development of both ve- 
hicles is now conceded, these are can- 
celled to a degree by the /B’s ability to | 
handle a greater variety of lunar and 
planetary payloads. | 

More than $2.5 million was ear- } 
marked in the Fiscal Year 1965 Air |} 
Force budget for definition of design 
criteria and performance parameters of 
a high-energy upper stage. This is pre- | 
sumably a liquid fluorine-liquid hydro- 
gen stage based on RL-10 engine tech- 
nology. 

Centaur consists of two RL-10 
liquid oxygen-liquid hydrogen engines 
developing 30,000 Ibs. total thrust. 
Flight tests of the stage—plagued by | 
development problems—are still being 
conducted, but the stage is expected to | 
be operational in 1965. 

Decision of the launch vehicle panel | 
is expected to have to await the results | 
of the studies. No agreement is expected | 
before the end of this year. The launch | 
vehicle panel is headed by Alexander | 
Flax, Assistant Secretary of Defense 
(R&D) for the Air Force. NASA’s chief | 
representative is Milton Rosen, senior 
scientist in the agency’s Office of De- 
fense Affairs. | 
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Space Council member says... 


Gaseous Rockets Could Re-Shape 
Space Transportation Principles 


PARAMETRIC STUDIES of gase- 
ous core rockets hold the promise of 
revolutionizing space transportation, 
and, if aggressively and imaginatively 
pursued, could make the United States 
“the leading spacefaring nation,” an Ad- 
ministration official told the recent joint 
AJAA/NASA Third Manned Space 
Flight Meeting. 

“Such a ship, these studies show, 
would be much more than marrying 
one of today’s vehicles to a hot new 
power plant,” Dr. Charles S. Sheldon II 
of the National Aeronautics and Space 
Council said. “It could bring us to a new 
generation of space transports versatile 
enough to use ordinary flying fields, 
able to maneuver in space, and with 
such power that travel time throughout 
the year to the near planets would fall 
to less than a week, and even the far 
planets would be only months away.” 

®@ Big potential—Quoting mission 
costs per pound of payload of “some- 
where near” one dollar (Saturn V costs 
per pound of payload are estimated at 
$200-300), Sheldon asserted that by 
applying the current space budget to 
such a transportation system, the US. 
would be able to put 50,000 Ibs. of sup- 
plies every year on the Moon, Mars, 
Venus and a “satellite or two” of the 
giant planets—a scale equal to the pres- 
ent support of the U.S. Antarctic base. 

Other advanced systems suggested to 
revolutionize the priorities and demand 
for space exploration are Project Orion 
and controlled thermonuclear reactors. 

But since work on these advanced 
systems is not far enough along “to con- 
vince those who control funds to keep 
it at much more than a sustaining level,” 
the real spaceship is still far off. Sheldon 
holds forth the hope that at some time 
“in the relatively near future, there will 
be enough indicators of promise that all 
the review boards and administrative 
powers will recommend the kind of 
support which will carry us rapidly to 
practical flight hardware.” 

® Soviet effort analyzed—tThe 
paper, entitled ‘“‘The Challenge of Inter- 
national Competition,” contains a de- 
tailed deductive analysis of the Soviet 
space effort and proves by both the 
scope and volume of Soviet efforts that 
there is “no real sign that the Soviet 
Union is marking time so that we can 
catch up without working hard.” 

On the question of whether the So- 
viet Union is engaged in a manned lunar 


landing program, Sheldon concludes 
that “there is conclusive public evidence 
neither for nor against their having an 
urgent manned lunar landing or plane- 
tary landing program.” He then draws 
a parallel to the Apollo program and 
the situation that would exist if the U.S. 
applied Soviet-style secrecy to the effort. 

“Cautious foreign observers,” he 
concludes, “would have to report there 
was no objective evidence that the 
United States is developing a manned 
lunar capability, in the absence of or- 
bital flight tests of the necessary large 
launch vehicles.” 

By inference from past Soviet pro- 
cedures of orbiting an unmanned space- 
craft and recovering it after the number 
of orbits planned for the subsequent 
manned mission, Sheldon deduces that 
the Voskhod flight was indeed planned 
for only one day. Cosmos 47, which 
preceded thte manned flight, was also 
recovered after 16 orbits. 

Voskhod, in addition to its retro- 
system, which reduces the capsule to es- 
sentially zero-speed just before ground 
impact, tested an ion-engine attitude- 
control system and also carried an ex- 
ternal television camera that permitted 
the crew to look aft where there were 
no portholes. 

Best guess as to the nature of the 
new, more powerful carrier rocket an- 
nounced by the Soviets for the Voskhod 
flight would be the heavy Sputnik com- 
bination used for interplanetary probes. 
Sheldon reasons that, since the Soviets 
operate their manned program in a con- 
servative manner with careful man-rat- 
ing of vehicles, a combination of tested 
and tried vehicle stages was used. 

In February, 1961, the Soviets an- 
nounced that the heavy Sputnik combi- 
nation could put 14,300 Ibs. in low 
Earth orbit and, at the time, said the 
system would be used in future manned 
flights. 

@ Planetary program—tThe total 
Soviet lunar and planetary program, ac- 
cording to Sheldon, “has been on a mas- 
sive scale, far exceeding anything pro- 
grammed in this country. ...” By ana- 
lyzing statements by U.S. officials that 
the Soviet commitment to escape mis- 
sions exceeds the U.S. effort by a factor 
of four, both in absolute numbers and 
in proportion to the total effort, he 
shows that Soviet escape missions range 
from a possible 20 to 24 spacecraft. Of 
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these, the Soviet Union has had seven 
successful commitments to lunar and 
planetary flights and 10 more that are 
known to have failed. 

The Soviet Union has made multiple 
attempts at each planetary window, and, 
in spite of numerous failures, is tenaci- 
ously continuing the practice under the 
Cosmos label, which enables them to 
“hide” those spacecraft that fail to 
launch from Earth orbit. “Once these 
heavy spacecraft begin to work,” Shel- 
don warns, “one can expect lunar or- 
biters, lunar soft landers, and a variety 
of planetary experiments of consider- 
able sophistication.” 

Of the Cosmos series, Sheldon feels 
these satellites give the Soviet Union “a 
cover” for a wide variety of space mis- 
sions, such as the planetary flights, ap- 
plications experiments, manned space- 
craft tests, geophysical experiments and 
reconnaissance overflights, These can 
all be reported to the United Nations 
without the necessity of being specific. 
Thus, they avoid the approbation they 
received in September, 1962, when Am- 
bassador Adlai Stevenson revealed to 
the U.N. that the Soviets had failed to 
list six planetary spacecraft that failed 
to leave Earth orbit. 

@ Cosmos series dissected—In Shel- 
don’s analysis, the 49 Cosmos flights are 
broken down this way: 

—Sixteen modest-sized, non-recov- 
erables in 49-degree inclination orbits 
from Kapustin Yar, plus two more in a 
dual launch of the same pattern. 

—Twenty large satellites of the re- 
coverable class in 65-degree inclination 
orbits from thte Tyuratam area, plus 
three more seemingly the same, except 
in 51-degree inclination orbits. 

—HKight from Tyuratam not fitting 
the regular pattern, including two in 
short-lived orbits from which recovery 
was unlikely, a triple launch at an in- 
clination of 56 degrees, one probably 
large spacecraft out to 22,000 mi. from 
a heavy Sputnik launch platform, one in 
a moderate circular orbit “at a height 
good for weather, navigation or other 
observation,” and the final one a re- 
hearsal for Voskhod. 

Sheldon strongly emphasizes that his 
views and analyses of the Soviet space 
effort are his own and the information is 
drawn from unclassified sources. Thus, 
some of the data “are incomplete and 
possibly inaccurate when compared with 
the best classified information.” a 
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FIVE NEW MISSILES were paraded through Moscow’s Red Bolshevik Revolution. Included in the display were a tactical 
Square last week, with Red Chinese Foreign Minister Chou multiple-launch rocket (left foreground), underwater-launched 
En-lai looking on, to mark the 47th anniversary of the 1917 missile and a new, large “‘pilotless interceptor” (right foreground). 


Soviets Display Five New Missiles 
In Red Square Anniversary Parade 


PILOTLESS INTERCEPTORS, apparently Soviet anti-iissile LARGE-DIAMETER rockets seen by the West for the first time 
missiles, resemble the U.S, Nike-Zeus. Photo below shows missile were described by the Russian news agency Tass as “strategic 
to be three-stage type with “jet-head” terminal homing. intercontinental rockets.” 
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ABOVE LEFT: New “long-distance” rocket was described by 
western observers as being about 85-ft. long and 10 ft. in diame- 
ter. The 16-wheel transporter needed for heavy weight probably 
indicates that the missile is liquid-propelled. The two-stage 
weapon could be the missile reported under development as the 
storable-propellant vehicle being hardened and dispersed in 
underground silos. It is roughly comparable to the U.S. Titan. 


ABOVE RIGHT AND RIGHT: Two views show what has been 
identified as another anti-missile missile, with four nozzles 
Showing in the open end of the canister. Jacket around the 
missile suggests it may be necessary to condition the weapon 
to its environment—possibly indicating an early state of solid- 
propellant technology. BELOW: Missiles closely resemble the 
Sandal surface-to-surface weapon. Comparable to the now- 
retired U.S. Redstone, Sandal is about 70-ft. long and 5.6 ft. in 
diameter, with a 500-mi. range. It is not clear if this is the older 
Sandal or an improved version. 
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ABOVE LEFT AND RIGHT: Missile 
shown in two views was termed by a 
Soviet conunentator “a younger sister” of 
the rocket that launched the three-man 
Voskhod spacecraft. The vehicle appears 
to be a two-stage, liquid-propelled inissile. 
End-plate (left view) is used to protect 
nozzle, pneumatic and electrical parts. 
RIGHT: Mobile inissile is shown on its 
tracked vehicle transporter-launcher. Mis- 
sile appears to be a_ single-stage rocket. 
Supports on front of vehicle are probably 
used to tie the missile down during trans- 


port. BELOW: Two vehicles described as 
underwater-launched missiles pass Lenin’s 
tomb. White blur at left is portion of a flag 
located close to camera. 
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Technical Countdown 


ELECTRONICS 


New ASE Transducer Uses Seen 


A team of scientists from Raytheon’s Research Div. in 
Waltham, Mass., reporting to The Northeast Electronics 
Research and Engineering Meeting on the firm’s efforts in 
developing new microelectronic transducers which utilize 
the anisotropic stress effect, see a whole new range of appli- 
cations for these devices if refinements can be made on some 
of the basic questions revolving around the effect. The basic 
ASE phenomenon shows that mechanical point contacts can 
be applied to a silicon wafer containing a junction within a 
micron or so of the surface, and that the current of the diode 
increases substantially with the application of even a few 
grams of force. What this means is that mechanical-to-elec- 
trical couplings can be included within a single functional 
electronic block, which, in turn, means that transducers and 
sensors could, for example, be linked with a data-processing 
function. Among the space applications seen by Raytheon: 
an accelerometer in a single package weighing about 1 gram, 
including the seismic mass, the sensing piezotransistor, the 
data-processing microcircuit, and the output transmitter-os- 
cillator. 


LFE Reports New 35-GC Paramp 


A new parametric amplifier that operates at the 35-gc 
atmospheric window in the millimeter wave region has been 
developed by engineers at Laboratory for Electronics, Inc., 
Boston, and reported on at the recent Northeast Research 
and Engineering Meeting. The device, developed under AF 
funds from the Research and Technology Div. at Wright- 
Patterson AFB, Ohio, uses a unique below-signal pumping 
scheme. Use of two tuned-idler circuits instead of one al- 
lows the amplifier to use a below-signal pump frequency of 
29 gc, and avoids the requirements for pump power sources 
above 100 gc, which would be needed with the more con- 
ventional single-idler approach. While the prototype am- 
plifier is expected to be used for radiometry experiments, 
the same device could be used in a radar front-end for 
ground-to-space communications, high resolution surveil- 
lance, and radar observation of cloud cover. Interest in milli- 
meter devices for these applications is steadily increasing 


(M/R, Sept. 7, p. 38). 


Gyros Life Test Run Passes 2.5-Year Mark 


A pair of Kearfott Inertial Navigation gyros chosen at 
random in mid-June, 1962, and placed on life-test have been 
Tunning continuously without deviating from the original 
specifications. The ball bearing gyros are single-degree-of- 
freedom, miniature floated rate integrating units with high 
torquer linearity. The hermetically sealed bearings spin at 
24,000 rpm in the prolonged test at General Precision’s Kear- 
fott Division, Little Falls, N. J. 


LIFE SUPPORT 
Space Suit Testing in High Gear 


Seventeen Gemini space suits are undergoing vigorous 
testing at five locations for operational qualification. Two 
are undergoing the Gemini ejection profile in the Gemini 
seat from AF F-106 aircraft, five are being used for para- 
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chute jump tests at El Centro, Calif., and four will undergo 
sled ejection tests at China Lake. In addition, two are at the 
Manned Spacecraft Center for testing of physical parameters 
and four are at the U. S. Army Testing Laboratory, Matick, 
Mass., for life cycling and reliability tests on the suit and in- 
dividual components. 


MATERIALS 


BIL Claims Laser Mirror Advance 


Bell Telephone Laboratory scientists reported on an im- 
portant advance in laser mirror reflectivity qualities at thc 
Northeast Research and Engineering Meeting in Boston 
earlier this month. BTL’s D. L. Perry told the audience 
about development of a new technique of coating a mirror 
blank with many layers of optically transparent diaelectric 
material in a way that virtually eliminates light scattering 
from the reflective surface. Reflectivity is so close to com- 
plete, he reports, that the amount of loss is, as yet, unmeas- 
ureable. “Broadband” mirrors have been made using this 
technique in the visible spectrum between 4,200 and 7,600 
Angstroms, BTL reports. The BTL technique involves three 
basic process changes from traditional mirror coating 
methods. By using dielectric material in large chunks instead 
of in the usual powder form and evaporating them at a pre- 
cise temperature just below the melting point, Perry found 
that the number of scatter-producing large particles deposit- 
ed on the mirror was reduced. Also, BTL found that the 
process of glow-discharge cleaning of substrates could be 
eliminated through careful handling. 


Al Fatigue Moisture Relationship Revealed 


Researchers at the National Bureau of Standards now 
know that the presence of water vapor during the initial 
stages of alternate stressing has no effect on the fatigue 
strength of aluminum alloy specimens. But at the end of this 
initial period fatigue cracks develop and propagate more 
rapidly in a moist atmosphere than in a dry one. Experts at 
the NBS Institute for Materials Research have proposed a 
tentative explanation. During the initial period the metal is 
apparently undergoing plastic deformation on a microscopic 
scale, resulting in work hardening. The deformation is not 
large enough to break the protective oxide surface layer on 
the aluminum. Eventually the work hardening ends and 
softening begins. Then local deformation concentrations rup- 
ture the oxide film allowing water vapor to react with the 
aluminum. 


Environmental Press Cuts Ti Forming Cost 


An environmental hot press developed by American Hy- 
drocarbon Corp. cuts the overall cost of forming titanium 
parts by as much as 21% over other methods. The press in- 
cludes a controlled atmosphere work area housing the tita- 
nium stock—eliminating the problems of oxidation and 
scaling of heat-exposed parts. Titanium parts and assemblies 
can be formed, sized, heat-treated and stress-relieved in a 
single operation. The press can also be used for hot-forming 
toxic metals such as berryllium. The development is the re- 
sult of research by the firm’s subsidiaries, Basic Industries, 
Inc., and Intercontinental Mfg. Co. American Hydrocarbon 
is seeking patents on the development and the first unit 
should be in operation within two months. 
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vacuum technology 


All-Metal Diffusion Pane Practical 
New Route to Ultra-High Vacuums 


GCA scientists achieve vacuums of 10-'* torr with stainless 
steel device that operates at room temperature 


BepForD, Mass.—Exceedingly high 
vacuums have been drawn by a rugged, 
demountable and relatively inexpensive 
diffusion pump system in recent demon- 
strations here. 

The application of deep vacuums, 
although unanticipated for many years, 
today goes into fields such as plasma 
physics, high-voltage accelerators, vac- 
uum metallurgy and semiconductor sur- 


by William S. Beller 


faces in addition to the obvious ones 
involving the simulation of the vacuum 
of outer space. 

The emergence of a practicable dif- 
fusion pump for creating vacuums 
below 10-12 torr—such as scientists here 
at the Geophysics Corp. of America 
claim they have designed under con- 
tract to NASA—will now give engineers 
a third choice in picking an ultra-high 


FIRST PHOTO- 
GRAPH of new lab- 
oratory system de- 
veloped by GCA for 
NASA to create pres- 
sures as low as 10“ 
torr. Intended to test 
or calibrate low- 
pressure measuring 
instruments for space 
programs, the system 
is similar to an all- 
metal one that can 
be assembled in 
modular form. Based 
on the mercury dif- 
fusion pump princi- 
ple, this design can 
be scaled up to test 
space components 
under space vacuum 
conditions. 
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vacuum system for their work. Other 
choices: a cyrogenic pump or a com-| 
bination of a sputter-ion pump and aj 
titanium sublimation pump. 

@ Few choices—To reach vacuums 
much harder than 10-12 torr, engineers 
have a choice probably limited to either 
cryogenic or diffusion pump systems, 
A. E. Barrington, manager of GCA’s 
Ton Physics Dept., told MISSILES AND] 
ROCKETS. 

The cryogenic pump works on the | 
basis that at a sufficiently low tempera- 
ture, a surface can pump out a volume 
simply by condensing onto it the gases 
present. In practice, liquid helium al- 
most invariably is used to cool the walls 
of the chamber being evacuated. The ad- 
vantage of the system is that it can pull } 
a very low vacuum at a relatively high } 
speed. Its disadvantage is that its op- | 
erating costs are signficant because of 
the usual unregenerative expenditure of | 
helium. 

Another disadvantage sometimes 
raised is that cyrogenic pumping does | 
not remove a gas from a system but } 
simply freezes it on the walls. Thus, | 
if the cryostat fails, the gases evaporate | 
back into the system. | 

In the sputter-ion pump, ions are 
produced by bombarding gas molecules 
with electrons. Gases are then removed 
by three mechanisms: 1) the gaseous | 
ions are adsorbed by the collector; 2) 
other ions dislodge and vaporize some | 
of the electrode material—sometimes 
called sputtering—which, in turn, traps 
some of the ions when it condenses on 
the chamber walls; and 3) ions com- | 
bine chemically with the collector mate- | 
rial, often titanium, forming stable non- | 
gaseous compounds. 

Barrington believes it is less likely 
that the sputter-ion pump can get the 
degree of vacuum of either the cyro- 
genic or diffusion pumps. The reason | 


is that eventually an equilibrium is set 
up between the gas being pumped and 
the gas being released from the electrode 
or collector by ion bombardment. In 
practice, this limiting gas pressure is 
due to the release of hydrogen from 
the electrode material. 

@ An old idea—The theory behind 
the GCA diffusion pump is years old. 
But the contribution the company made 
to the art is in casting the system in 
metal rather than in the glass devices 
used up to now. 

A diffusion pump simply uses a di- 
rected, high-speed jet of a heavy vapor, 
which can be an oil or mercury, to en- 
train gas molecules and sweep them out 
through an exit in the vacuum chamber. 

The disadvantages of using glass in 
a vacuum system are well known. Be- 
sides the material’s structural fragility, 
glass does not withstand temperature 
cycling well. (Cycling is needed to drive 
adsorbed gas off the walls of the cham- 
ber before deep pumping begins.) 
Glass, moreover, is permeable to he- 
lium, which seeps in from the atmos- 
phere, limiting the amount of vacuum 
that can be reached. 

The GCA system is built of stain- 
less steel; it can be taken apart and put 
together again with simple hand tools, 
the designers claim. So far, only a 
small chamber has been built. Based on 
a mercury diffusion pump, it produced 
pressures of 10-15 torr in a test chamber 
at room temperature without the use of 
liquid helium. GCA says the chamber 
is excellent for comparing the low- 
pressure characteristics of various vac- 
uum gauges and mass spectrometers. 

Furthermore, the system “can serve 
as a prototype of much larger systems 
that would be suitable for testing space 
vehicle components,” said Wallace 
Kreisman, GCA scientist and developer 
of this mercury diffusion pump system. 
He saw no reason why one couldn’t ‘be 
built several times larger than its present 
working volume of two liters. 

The system also has disadvantages. 
If the electrical power fails, even for a 
short time, the vacuum is lost. This is 
not necessarily true of cryogenic or ion- 
pump systems. In addition, the ultimate 
vacuum reached is limited by the diffu- 
sion of the vapor of the pumping fluid 
into the vacuum chamber. 

Barrington pointed out that the vac- 
uum pulled by GCA’s pump may go 
below 10-18 torr, but there is as yet no 
accurate or reliable gauge that will re- 
veal this (M/R, Oct. 19, p. 36). 

@ Why it’s different—Key innova- 
tions in GCA’s mercury diffusion pump, 
the central element of the system: 

—The upper part of the pump, in- 
cluding the manifold, was baked many 
times at various temperatures up to a 
maximum of 474°C, Kreisman credits 
this temperature cycling for the pump’s 
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less steel mercury diffusion pump. 


excellent performance. Were it not for 
this long-term baking, outgassing from 
the pump materials would be contribut- 
ing to the gas load, thereby limiting the 
vacuum that could be drawn. 

—The top jet of the pump is rela- 
tively small in diameter and shaped to 
emit its vapor stream in a downward di- 
rection. The spacing between the top 
and bottom jets is made relatively large 
to increase the probability of entraining 
gas molecules. The bottom jet, with its 
closer spacing and higher temperature 
vapor, serves to prevent back diffusion 
of higher pressure gas. Thus, the lower 
jet provides a high fore-pressure while 
the top jet provides a high pumping 
speed at low presures. 

—The condensation wall (pump 
barrel) of the pump is kept at a uni- 
form, low temperature by using an an- 
nular water jacket instead of the more 
conventional water-cooled spiral coil. 
An expansion diaphragm near the top 
of the water jacket relieves any stresses 
that might be created by differential 
expansion during the bakeout period. 
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—The isolation chamber, located 
just above the pump boiler, acts as a 
heat-insulator to separate the hot boiler 
from the cold manifold during normal 
operation, During the bakeout period, 
the isolation chamber serves to mini- 
mize heat flow from the hot manifold 
to the boiler. A vacuum of 10 to 20 
microns is maintained in the isolation 
chamber by means of a direct connec- 
tion to a mechanical rotary pump. 

—A stainless steel, non-level-sensi- 
tive cold trap was designed so that 
every atom of mercury would have to 
make at least two collisions with a cold 
surface in order to pass through. On 
this basis, two cold traps of the new 
type would be equivalent to four cold 
traps of the old design. By reducing the 
number of cold traps required to elimi- 
nate back flow of the pumping fluid, 
1) there are fewer components and 
vacuum connections, 2) the internal 
surface areas are reduced so that out- 
gassing is reduced, and 3) the total vac- 
uum conductance of the cold traps is 
increased. 

© Detecting leaks—In order to as- 
semble a vacuum system of the GCA 
type, it is desirable to leak-test it com- 
ponent by component. The most widely 
applied technique of leak detection uses 
a sensor that responds only to a par- 
ticular test gas. The sensor is attached 
to the device to be tested, and the com- 
bination is evacuated by a vacuum 
pump. 

The test gas is then applied ex- 
ternally and the sensor gives an in- 
dication when the test gas penetrates 
through the leak. It is desirable that the 
test gas be chemically inactive and not 
a constituent of air. Helium, which is 
present to the extent of only five parts 
per million in air, is the preferred test 
gas. 

Helium detectors currently available 
can detect leak rates as small as 5 x 
1074 cubic centimeters of gas at at- 
mospheric pressure per second—not 
sensitive enough for ultra-high vacuum 
work. However, a novel device devel- 
oped this past year by GCA improves 
upon this figure by at least a factor of 
100, according to Barrington. Com- 
pared with conventional helium-leak de- 
tectors, this one is claimed to be smaller 
and more rugged in addition to being 
burn-out proof and bakeable up to 
450°C—a great advantage in many ap- 
plications. 

The device is described as a specially 
designed, inverted cold-cathode mag- 
netron cell approximately 1 in. in diam- 
eter and with its permanent magnet 
weighing one pound. This is a novel use 
of the magnetron cell, which normally 
is used as an ionization pressure gauge, 
not as a mass spectrometer or as a leak 
detector. The new device costs no more 
to produce than conventional leak de- 
tectors, according to reports. | 
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New Westinghouse sonar made this image of the 


The Westinghouse Ocean Bottom Scanning Sonar system is unlike 
any other system ever seen. At four knots, it produces a continu} 
ous high definition image of the ocean floor up to half a mile wide} 
Any distance can be covered. Depth is no limitation. | 

It sees hills, valleys and plains. It displays heights, widths anc| 
depths. It locates objects. It surveys wide areas quickly. It car 
even map the ocean floor. 

Industry can detect geological structures to speed harbo. 
reclamation, to develop techniques for undersea oil exploration; 
Science can trace and chart newly-discovered earthquake faults) 
| 
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ocean bottom: 8000 feet down, a half mile wide 


find new facts about the history and the formation of the earth. 

High definition sonars are an example of the advanced capa- 
bilities of Westinghouse in underseas technology. Other unique 
Westinghouse developments include devices to measure the 
velocity and direction of currents, extremely accurate tempera- 
ture gauges, deep-diving manned submersibles and oceano- 
graphic data acquisition systems. 

To learn more about new Westinghouse oceanographic 
systems, write Westinghouse Electric Corporation, Box 868, 
Pittsburgh, Pennsylvania 15230. 402263 
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Seismic Communications Under Study 


AF, RCA, Raytheon approaches to propagation through Earth's 
crust detailed at NEREM; R&D spending seen holding steady 


BosToN—Use of a variety of elec- 
tronic and seismic communications sys- 
tems, which propagate through the 
Earth’s crust to insure survivability 
against bomb damage, was detailed at 
the Nov. 4-6 Northeast Electronics Re- 
search and Engineering (NEREM) 
meeting here. 

Scientists from the Air Force, Radio 
Corp. of America and Raytheon Co. 
disclosed work on three different ap- 
proaches. The one thing common to all 
approaches is that only very low data 
rates can be achieved. But scientists re- 
port that because of the extreme in- 
vulnerability of these systems, the high 
security aspects, and generally low am- 
bient noise conditions, the costs of such 
systems may be justified for possible use 
aS emergency communications modes 
between hardened military installations. 

The Air Force study program in 
electronic propagation dates back to 
about 1958, and is still being pursued 
by the Air Force Cambridge Research 
Laboratories. Observers close to the 
project say that some of the initial work 
was aimed at disproving the concept’s 
applicability to long-range communica- 
tions, which it apparently has done. But 
in the course of these studies, it was 
shown that short-range communications 
were feasible and do look promising. 


No program is believed to be under way 
that is aimed at associating these tech- 
niques with existing installations. 

@ Air Force effort—The Air Force 
technique, not dissimilar from that used 
by geophysicists for various Earth meas- 
urements, involves injection of large 
currents at ultra-low-frequencies (on the 
order of 1cps) into the Earth through 
electrodes. By the use of wide spacing 
between electrodes and sophisticated de- 
tection equipment, scientists say that 
contact between terminals can be ef- 
fected to distances in excess of hundreds 
of miles. 

Communications at fractional bit 
rates, however, will be limited to ranges 
of about 20 miles for usable communi- 
cations. The scientists stress that because 
of major variations in the Earth’s re- 
sistivity at various places, each proposed 
location must be viewed as an individual 
problem. 

Choice of the 1 cps frequency is 
generally dictated by a reduction, at that 
frequency region, of the effect on the 
signal of background noise originating 
in the atmosphere as well as variations 
in the Earth’s electric field, both of 
which induce distorting voltages on re- 
ceiver electrodes. 

An RCA scientist, discussing the use 
of seismic communications over ranges 


up to 5,000 km, said that although the 
cost of such a system would be high, 
and the data rate low, it too may bear 
justification because of its relative in- 
vulnerability. 

® RCA reports—RCA’s K. H. Pow- 
ers pointed out that evidence collected 
thus far by seismologists, and meas- 
urements taken during underground nu- 
clear test explosions, indicates the exist- 
ence of a sound channel (somewhat sim- 
ilar to that which occurs during the use 
of sonar at significant depths) at a depth 
of about 80 km under the Earth’s crust. 

As a seismic ray hits this so-called 
“low velocity” or negative-gradient layer 
with near-grazing incidence, the wave 
tends to be bent downward until a posi- 
tive gradient at greater depth reverses 
the direction of the ray. This creates a 
waveguide-type mode of propagation 
through which seismic waves can be 
trapped and allowed to travel great dis- 
tances with relatively low attenuation. 

Since most of the high-attenuation 
and multipath phenomenon character- 
istics of seismic propagation usually take 
place in the 30-km-deep crystal layers 
of the continents, Powers says it would 
be advantageous to locate both trans- 
mitter and receiver as deeply as possi- 
ble in the ground. 

This would allow a more direct cou- 


Re-Entry Vehicle Hurtles Through Simulated Rain 


METAL AND PLASTIC nose cone fastened to monorail rocket 
sled is shown in one of several tests run to determine effects of 
rain erosion on missile nose cones during re-entry. A total of 
16 tests has been run at speeds ranging from 1,400 mph to 1,900 
mph on the high-speed test track at Holloman Air Force Base, 
N.M. The “rain” is a 6,000-ft. area of precisely controlled spray 
shooting at the nose cone through a double row of nozzles border- 


ing the 35,000-ft.-long track. Nozzles can emit up to 5,000 gpm. 
The program yielded accelerations as high as 47 g’s to meet exact- 
ing test conditions. Tests were conducted by the Track Test Di- 
rectorate for the Harry Diamond Laboratories, 
D.C. A 35-mm image motion compensation camera with con- 
tinuously moving film shot this unframed pictorial record of one 
of the rocket sled runs. 


Washington, 
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pling to the Earth’s mantle, reducing the 
generation of surface waves and also 
cutting the microseism noise at the re- 
ceiver site. Powers says that under these 
conditions, a means of communication 
between deeply buried sites on the East 
and West coasts of the United States 
may be possible at data rates of about 
one bit per sec. 

The Raytheon efforts, also pursued 
under an Air Force contract, focused 
primarily on radio propagation modes 
directly through rock strata between 
pairs of antennas. 

® R&D spending trend—In other 
NEREM activity, a discussion among 
top scientists and business leaders 
reached a consensus that spending for 
defense R&D was not likely to experi- 
ence any drastic reductions from the 
1964-1965 levels in the next few years, 
and could even exhibit another period 
of upswing in the not-too-distant future. 
The nation’s space budget was seen as 
also holding to current levels, with pos- 
sibly a slight increase in the future. 

Participating in the session were Dr. 
Jerome B. Wiesner, former science ad- 
visor to President Kennedy and now 
dean of the Massachusetts Institute of 
Technology School of Science; John H. 
Rubel, former Department of Defense 
Research and Engineering deputy now 
a vice president of Litton Industries, 
Inc.; C. Lester Hogan, vice president of 
Motorola Semiconductor Products Div.; 
and Leonard S. Sheingold, vice president 
of Sylvania Electronic Systems. 

Sheingold hit at the use of the word 
“conversion,” which is commonly ap- 
plied to current defense industry prob- 
lems. He said what is needed is a pro- 
gram of “diversification” not conver- 
sion, for additional stability. He pro- 
posed that firms do less talking and 
more looking at some of the possibili- 
ties in the non-defense sector. 

He said there are many non-defense 
industries and companies that could 
benefit from the technological capabili- 
ties of defense firms. The combination 
of defense technical personnel and non- 
defense sales prsonnel could be reward- 
ing, he suggested. 

Sheingold said there were many non- 
defense companies in the U.S. that could 
be revitalized, and that defense firms 
ought first to look over their capabilities 
and then, after careful study, approach 
commercial firms with perhaps initial 
explorations into new business ventures. 
Tax reductions making more risk capi- 
tal available will be helpful. 

At the same time, Sheingold warned 
that the government may be asking too 
much of defense firms, wanting them 
to use their excess capacity properly, 
yet still demanding a fast reaction time. 

® Electronics future promising—Dr. 
Hogan, focusing on the electronics in- 
dustry, was generally bullish, predicting 
that despite reduced government spend- 
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ing in the next few years, the trend for 
the industry over the next 10 years 
would be upward. 

He said that because of continuing 
innovation, speculators can be far off 
in even trying to predict short-range 
prospects for the industry. He said the 
industry generally had a tendency to 
underestimate its technical progress, 
which he feels is the easiest part of the 
problem to see. Next year, he said, the 
industry will sell the same dollar vol- 
ume of integrated circuits as it did tran- 
sistors in the big transistor year of 1957. 

This year’s total $18-billion price 


tag for government and industry R&D 
will grow to about $38 billion by 1975, 
according to a Stanford Research Insti- 
tute report. Expenditures throughout 
the world could probably push this fig- 
ure to $55 billion, Hogan asserts. 

He said the trend to microminia- 
turization would continue, with in- 
creased complexity per functional block, 
and reduced cost per function. Inte- 
grated circuits representing complete 
circuit functions will eventually cost 
less than a transistor now costs, and elec- 
tronics applications that are not now 
economically feasible will become so. ™ 
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SUPERHEATED 
AIR! 


This Apco High Temperature Check Valve — scheduled for the General 
Dynamics/Fort Worth F111 fighter aircraft — helps put superheated 
jet engine air to work operating fuel valves and various aircraft equip- 
ment... defrosting... mixing... and as an essential part of the 
aircraft's environmental control system. Because of its design and flow 
passage, it provides maximum opening in a minimum space envelope 
and is unusually light weight in all sizes. 


Apco made these ‘“‘butterfly’’ valves versatile and adaptable. They are 
made of 347, A-286 or Misco 713 s.s. in 1”, 144", 2” and 3” sizes, 
with and without bodies. Thus, they can be supplied entirely self con- 
tained, or for mating with CONOSEAL™ flanges, quick couplings, or 
similar means of in-line mounting. They handle full compressor bleed 
air pressure and crack at less than 2” of water pressure. They are 
fully qualified and environmental tested. 


Valves for temperature extremes far beyond normal are just one more 
example of how Apco designs, engineers and manufactures for missiles 
and space, ground support and aircraft. With proven capabilities in 
these fields, it will pay you to check Apco first. Write for further data, 
and outline your specific problem. 
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General Dynamics Proposes Up-Rated 
Atlas as Titan IIIl-X Competitor 


Performance boost of 30% promised without Floxing; reliability 
record cited; opposition to cryogenics seen as major hurdle 


GENERAL DYNAMICS/ASTRO- 
NAUTICS, seeking to extend the life 
of Atlas, has come up with proposals to 
make its SLV-3 vehicle competitive with 
Titan III-X, which in recent weeks has 
moved up for top-level development de- 
cision in the Department of Defense. 

In presentations to the Air Force and 
NASA, the company has proposed up- 
grading SLV-3 performance by 30% 
across the board, with modifications 
that include engine changes, miscellane- 
ous weight reductions, decreased pro- 
pellant pads, tank geometry changes 
and associated ground equipment modi- 
fications. 

This could be done without degrad- 
ing reliability, according to GD/A, 
which recently has proposed a fixed- 
price contract to the Air Force for fol- 
low-on Atlas procurement in 1966, Cur- 
rent Atlas business will carry through 
1965. 

® Souping it up—A 30% perform- 
ance improvement still would leave 
SLV-3 capability below that of Titan 
IlI-X/Agena D, but GD/A believes it 
would be competitive with the proposed 
new launch vehicle. Further, if an Atlas 
Flox program were to be added to these 
improvements later, the result report- 
edly would be a vehicle with a payload 
capability nearly 1,500 lbs. greater than 
that of Titan III-X, 

According to GD/A, both the im- 
provement and Flox programs would 


cost less than developing the new 
launcher. 
The Titan II-X/Agena, recom- 


mended by the Air Force Space Sys- 
tems Division as an economical vehi- 
cle to replace the Atlas-Agena D for 
unmanned payloads in the latter part 
of this decade, would orbit payloads 
in the 3,000-to-6,000-Ib. category. A 
Floxed SLV-3 alone, without the pro- 
posed 30% improvement through modi- 
fications, would fall about 200 Ibs. 
short of this, according to GD/A. 
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Attitude Control 


Over-The-Horizon Autopilot 


Strap-On Motors 


SLV-3 configuration proposed for circular orbit missions. 


The company also has considered 
several new SLV-3 configurations to in- 
crease cost effectiveness, including an 
apogee kick version and one that would 
use a solid second-stage vehicle. 

® Anti-cryogenic school—Biggest 
hurdle faced by GD/A’s proposals, ac- 
cording to some Air Force sources, is 
the desire to get away from cryogenics 
for military launch systems regardless 
of the reliability record they have es- 
tablished or what could be done to up- 
grade Atlas. 

“From the standpoint of advanced 
planners, the days of the cryogenically 
fueled boosters for military programs 
are numbered,” an Air Force spokes- 
man told MissiLes AND Rockets. “They 
feel that eventually there is only one 
way to go and that is with storables or 
solids or a combination of both. 

“Titan IHI-X would extend to the 
Agena the versatility, flexibility, cost 
savings and the instantaneous reaction 
time that are inherent in a storable- 
propellant vehicle. Why continue to 
operate with all the constraints and 
problems associated with cryogenics 
when with the Titan III program we’ve 
got two-thirds of the $800 million de- 
velopment cost already spent?” 

The spokesman added that many 
arguments against Titan III-X could be 
expected, not only the technical argu- 
ments of technical people who point 
to the reliability of cryogenics, but 
political arguments against killing off a 
program in an area of the country 


where this business is an important part 
of the economy. 

Titan IlI-X essentially is a Titan 
III-A without the transtage propulsion 
system since Agena has its own, and 
with the transtage guidance and control 
system put into the adapter section that 
would mate Agena to the second stage. 
It would have provision for solid 
strap-ons. 

® Opposition to storables—Propo- 
nents of keeping Atlas in the launch 
vehicle stable question whether the Air 
Force really needs a storable-propellant 
vehicle for space reaserch launch pur- 
poses and whether a storable system 
would be cheaper in the long run. 

“If you’re using cryogenics for in- 
dividual space launches and not from 
silos, they are cheaper due to the higher 
cost of storable propellants,” an indus- 
try source said. “Atlas launch costs are 
substantially less than Titan launch costs 
because of this, and the vehicle itself 
also is cheaper. 

“As far as quick reaction to meet 
launch windows is concerncd, the prob- 
ability is quite high with cryogenics. 
You start your countdown earlier, but 
this doesn’t appear to be adverse for 
space launches. So why throw away the 
reliable cryogenic system we have paid 
for just because it’s cryogenic?” 

The spokesman added there had 
been ‘“‘a certain amount of resistance to 
Flox because people don’t understand 
the nature of it. The degree of toxicity 
is no more than in existing storables, 
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and a system containing 30% Flox 
(studied for Atlas) has less toxicity than 
a comparable storable-propellant sys- 
tem.” 

GD/A, working with Rocketdyne 
division of North American Aviation 
on proposed engine changes, has told 
the Air Force that modifications for the 
30% performance increase could be ac- 
complished in 18 months. 

Current SLV-3 performance capa- 
bilities, with launch from the Eastern 
Test Range, include: SLV-3 alone to 
100 n. mi. orbit, 4,100 lbs.; SLV-3/ 
Agena D to 100 n. mi. orbit, 6,900 Ibs.; 
SLV-3/Agena D to escape, 1,200 lbs. 
under ideal conditions. 

® Modifications detailed—The firm’s 
recent Air Force briefings project an 
across the board increase of 30% if 
all of the proposed modifications are 
made. 

Three booster engine thrust values 
were considered in studies, including 
the present 165,000-lb.-thrust MA-5 
booster engine, the yet-to-be developed 
175,000-Ib. unrated MA-5, and the 
existing H-1 engine if uprated from 
188,000 Ibs. thrust to 200,000 Ibs. 

A change in tank geometry to a 
constant 10-ft.-dia. configuration to gain 
additional propellant would be necessary 
to make uprated engines pay off and 
would mean a significant payload in- 
crease with the present engine. 

When the original SLV-3 criteria 
were compiled, the Orbiting Astronom- 
ical Observatory (OAO) and Satellite 
Inspectors (SAINT) configurations dic- 
tated the magnitude of the launch vehi- 
cle bending during flight. The OAO 
program now has its own tank con- 
figuration and Satellite Inspector has 
been cancelled, allowing reduction of 
structural criteria for a constant 10- 
ft.-dia. tank. 

This reduction permits sizeable re- 
duction in LOX tank skin gages. It also 
makes the constant 10-ft.-dia. tank, 
which permits a propellant gain of 
about 19,000 Ibs., desirable for all exist- 
ing SLV-3 programs. 

Engine change proposals include 
new booster engine injectors, which 
could be taken from the existing H-1 
engines and modified slightly to the 
MA-5 propulsion system. The sustainer 
engine would be uprated from 57,000 
Ibs. to 65,000 Ibs. thrust by increasing 
turbo-pump speed and propellant flow 
rate, which would not involve a major 
hardware change. The sustainer also 
would receive a new turbine. 

@ Trimming the weight—Weight- 
saving modifications would include re- 
duction of the thrust build-up accelera- 
tion factors by as much as 10-15%. 
Fuel tank pressure could then be low- 
ered and skin thickness reduced ac- 
cordingly to save 100 lbs. 

GD/A tests show that about 80% 
of the steel purchased for tank skins 


has a tensile strength of 220,000 psi 
or better. If the procurement specifica- 
tion were changed or if only the higher 
strength material were selected from 
present deliveries, the higher strength 
could be guaranteed and skin gages de- 
creased for additional weight saving of 
140 lbs. 

Further weight reductions would be 
made by shortening the B-2 pod to cut 
60 lbs., reducing the number of hy- 
draulic accumulators for a 50-Ib. cut, 
reducing width of skin splice overlap, 
re-routing hydraulic and pneumatic 
tubing and eliminating about 20 lbs. of 
paint on maintenance walkways. 

It also may be possible to remove 
80 Ibs. of baffles used in the LOX tank 
to prevent sloshing, since preliminary 
analysis shows this is not a critical con- 
dition. 

@ Propellant pad changes—The pro- 
pellant pad also would be reduced. The 
pad now is necessary to compensate for 
dispersions of engine, propellant utiliza- 
tion system and autopilot performance. 
Two items contributing to dispersions 
are gyro drift and ac voltage and fre- 
quency control. The pad could be re- 
duced by using low-drift gyros and 
changing from a rotary inverter to the 
static inverter developed for the Centaur 
program. 

The SLV-3 autopilot is constructed 
to accept steering commands from the 
guidance system during the booster 
phase of flight. In programs not using 
this capability, performance would be 
increased by reducing the propellant 
pad through incorporation of this capa- 
bility into the guidance equations, 

“Soft” shutdown of the launch vehi- 
cle (burning to LOX depletion) on 
Agena missions would reduce propellant 
pad by 130 lbs. Computation of re- 
quired propellant pad would be based 
on the probability of a low-performance 
SLV-3 combining with a low-perform- 
ance Agena. 

The propellant pad could be further 
decreased by optimizing the pitch pro- 
gram for each specific mission, increas- 
ing payload on programs not near their 
optimum condition. A standard pitch 
program now is used for all SLV-3 mis- 
sions. 

Ground Support Equipment modi- 
fications to improve flight performance 
would include pressurization of the 
LOX loading system with helium instead 
of nitrogen. The inert nitrogen is solu- 
able in LOX, while helium is insoluable. 

A second GSE modification would 
replace the Barksdale pneumatically ac- 
tivated valves in the launch-release 
mechanism with pyrotechnic valves. 
This change would result in release of 
the launch vehicle 0.36 sec. earlier after 
ignition, permitting more propellants to 
be used for mission accomplishment. 

@ New shapes studied—Still in the 
study stage are three new configura- 
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tions for SLV-3. One proposal is for a 
light-weight OAO-type of booster for 
missions not requiring a relatively high- 
performance second-stage such as 
Agena or Centaur, Tank skins would be 
light with the tank pressures reduced, 
and the vehicle could accommodate a 
solid second stage. 

A series of adapters would be sup- 
plied to accommodate spacecraft needs 
for 5-ft., 8-ft., or 10-ft. shrouds. This 
volume would allow large, low-density 
payloads and permit spacecraft simplifi- 
cation by such means as eliminating the 
necessity of hinging. The large volume 
would shroud winged vehicles as well 
as more conventional payloads. 

GD/A has been studying a family 
or solid second-stage vehicles for such 
programs as Advanced OSO, Nimbus, 
Advanced BIOS, and the Comsat Corp. 
satellite used with SLV-3. These include 
the Project Fire velocity package, 
Burner II, and the Weight Lifter. 

The Weight Lifter program is one 
of a GD/A family of proposed solid 
second stage vehicles. The company 
would buy an off-the-shelf solid rocket 
and build components around it. It 
would be the same size as the Fire 
program velocity package, an X-259 
with 24,000 lbs. thrust. 

@ Broadening mission scope—An 
apogee kick configuration for SLV-3 is 
being considered to expand versatility 
and its application to programs not re- 
quiring a second-stage vehicle. The cir- 
cular orbit capability of the SLV-3 
alone is presently limited by the rela- 
tively short burn time. 

In- the apogee kick configuration, 
the launcher’s velocity, attitude and di- 
rection at sustainer shutdown would be 
controlled so that the vehicle would 
coast on a Hohmann transfer ellipse to 
the desired apogee. A velocity change 
then would circularize the orbit through 
use Of small solid motors mounted on 
the SLV-3. 

In its Flox studies under contract 
with NASA’s Lewis Research Center, 
GD/A reports component testing with 
Flox “confirm that no extensive modifi- 
cations would be necessary to existing 
Atlas systems.” 

Studies indicate that an Atlas using 
a 30% Flox mixture could achieve an 
88% increase in payload for 100-n. mi. 
orbits; for Atlas-Agena combinations a 
65% increase in payload can be 
achieved for Earth-escape orbits, and 
for Atlas-Centaur a 35% payload in- 
crease can be achieved for the Surveyor 
spacecraft designed to impact on the 
Moon. 

Rocketdyne was recently awarded 
a contract for performance tests of the 
Atlas sustainer engine using a 30% 
Flox mixture. Sustainer engine firings 
will be conducted in that test program, 
scheduled to begin after the first of the 
year. B 
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re-entry systems 


Athena Scores First Success 


Fourth launch of four-stage rocket propels sub-scale ICBM re-entry body 
to White Sands target at 22,000 fps; called unqualified success 


by Charles D. LaFond 


THE FIRST successful flight of a 
fully instrumented, four-stage Athena 
re-entry research vehicle was achieved 
on Nov. 6. 

Termed an “unqualified success” by 
range observers, the mission was the 
first in which the Athena’s velocity 
package was employed to drive a sub- 
scale ICBM re-entry body back into the 
atmosphere at 22,000 fps. Launched 
from Green River, Utah, the payload 
covered approximately 417 miles and 
impacted nearly on target within the 
White Sands Missile Range, N.M. 

Under development for the Air 
Force Ballistic Systems Div. by Atlantic 
Research Corp., prime contractor for 
vehicle integration, the Athena is in- 
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LEFT: The Athena under development by Atlantic Research 
Corp. for the Air Force Ballistic Systems Div. shown ready to 
fire from 30-ft.-long rail launcher. Rocket measures 50 ft. in 
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length, weighs more than 16,000 Ibs. at launch. RIGHT: Typical 
flight profile for Athena from Green River, Utah, to White Sands 


tended to significantly lower research 
costs in the future study of offensive 
ballistic-missile penetration techniques. 
A part of the Advanced Ballistic Re- 
entry System (ABRES) program, the 
vehicle is being developed under a 34%2- 
year, $48-million contract awarded to 
Atlantic Research Corp. May 1, 1962. 
Following two aborted test flights on 
Feb. 11 and May 28, the first successful 
flight of an Athena was accomplished 
on July 8. Carrying dummy third and 
fourth stages, the third test vehicle, also 
launched from Green River, impacted 
some 470 miles down-range at WSMR. 
The most recent firing was fourth in the 
series of test flights and was designed 
not only to test the research vehicle but 
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to obtain re-entry data on a subscale 
Mark VI nose cone for comparison with 
data obtained from previous Atlas-E 
flights from the Eastern and Western 
Test Ranges. 

@ ABRES program—Athena at one 
time was the code designation for the 
ABRES program and has since been 
given to the research vehicle to be em- 
ployed in the program. The whole effort 
is under the direction of the Air Force 
Ballistic Systems Div., Air Force Sys- 
tems Command. 

Total ABRES funding in Fiscal 1964 
was $218.6 million with $40 million 
budgeted for the Athena two-year devel- 
opment. The latter has been extended 
both in time and funding. 

First flights in the ABRES program 
began in 1963 using existing ICBM’s. 
The goal then was to determine the 
scaling factors necessary to permit 
meaningful use of smaller experimental 
payloads on Athena research flights. An 
underlying goal in ABRES is to greatly 
reduce re-entry research costs by find- 
ing a way to conduct such studies with 
subscale models, 

Final determination of scaling laws 
must await successful completion of 
flights carrying identical payloads for 
comparison aboard Atlas missiles and 
Athena vehicles (with scaled payloads). 

To support the studies, advanced 
radars will be employed to obtain sig- 
nature data for use in determining war- 
head identifying characteristics (wakes, 
shapes, sizes and weights). Also, a va- 
riety of re-entry body shapes, decoys 
and electronic countermeasure systems 
will be employed to study methods for 
confusing or deceiving defensive sys- 
tems. 


L/UHF PENCIL Beam Radars, developed by Continental Elec- 
tronics, are key tracking instruments supporting Athena re-entry 
Studies. Sites, located at White Sands Missile Range, N.M. use an 


During the program, the Navy’s 
Special Projects Office and the Army 
will take part in some tests. 

@ Athena project profile—The 
Athena research vehicle is designed to 
use four stages—two up and two down 
—sequentially fired. It employs an in- 
ertial reference and radio-command 
control to permit attitude correction of 
the velocity package just prior to third- 
stage firing. Programmed re-entry an- 
gles of from 18 to 46 degrees will be 
obtainable. 

Atlantic Research is prime vehicle 
integrator; Honeywell, ARC’s principal 
subcontractor, is guidance system devel- 
oper. 

Continental Electronics is prime 
contractor to Rome Air Development 
Center for the two new L-band/ Ultra 
High Frequency Pencil Beam Radars 
used to obtain re-entry tracking data 
from the WSMR impact area. 

As presently conceived, the Athena 
is final-assembled and launched from a 
complex built for the ABRES program 
at Hanksville-Green River, Utah. The 
vehicle is rail-launched, but during the 
first and second-stage boost, it is un- 
guided. Thus, to assure attaining the 
desired course and spatial location near 
apogee, meteorological rockets are fired 
from Green River just prior to the 
Athena launch to attain azimuth and 
elevation corrections. 

AN/FPS-16 radars are used at the 
Green River launch area for tracking 
inputs to Range Safety. 

Following second-stage separation 
and heat-shield ejection during the up- 
ward coast phase, a pitch maneuver is 
performed and, via ground radio con- 
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trol, the planned vehicle-attitude cor- 
rection for re-entry is made. The con- 
trol package is then ejected, the third 
stage ignited and the velocity package 
starts its acceleration downward. After 
the fourth stage is fired and separated, 
the re-entry body continues a ballistic 
course to impact on the WSMR. 

The flight covers some 417 miles, 
permits a payload test altitude of 
roughly 250,000 feet and achieves a 
re-entry velocity of about 22,000 fps. 
with nominal payload of 50 Ibs. 

Two L/UHF radar tracking sites are 
employed at WSMR. The Athena flight 
plan must be such that the payload ar- 
rives on a course no closer than 20 miles 
to one, named Stallion Site, and will 
impact at least 20 miles ahead of the 
other, called Ram Site. 

Stallion Site, employing a Continen- 
tal 30-ft.-dish L/UHF radar and a 
Marchetti radar, tracks from a side as- 
pect. Ram Site, using a second L/UHF 
radar with an 84-ft. dish plus a Ray- 
theon Rampart radar and an AMRAD 
radar, looks at the payload from a head- 
on aspect. 

@ Vehicle design—Functionally, 
Athena consists of two major sections: 
the booster and the velocity package. 

The booster airframe is fin-stabilized 
and consists of a Thiokol XM-33-E8 
Castor motor with two Thiokol XM-19- 
El Recruit motors in the first stage and 
either a Thiokol TX-261-2 motor (for 
Athena Mod. 1) or a Hercules X259A2 
Antares-II motor (for Athena Mod. II). 
The second stage motors are made in- 
terchangeable through the use of differ- 
ent adapter ring assemblies. The Athena 
Mod. I version will be used for missions 
requiring re-entry angles from 18 to 30 


84-ft. dish (left) and a 30-ft. reflector (right) to transmit and re- 
ceive L-band and UHF signals simultaneously. Athena launches 
take place from Green River, Utah. 
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degrees; the Mod. Ii version will permit 
re-entries in the 40- to 46-degree range. 

Both stages are provided with four 
canted aerodynamic fins. Four spin 
rockets in the trailing edges of the se- 
ond-stage fins produce up to a three 
rps spin rate just after launch. The for- 
ward motor sections in each stage are 
provided with a command-destruct com- 
ponent. 

The velocity package includes the 
third and fourth stage motors, the guid- 
ance and control subsystems, electronic 
subsystems and power supply, a retro 
motor and a heat shield. 

Third stage of the system employs 
an Aerojet-General 30KS8000 motor 
and contains the guidance and control 
assembly plus yo-yo de-spin and spin-up 
motor systems. The G&C assembly in- 
cludes a PAM/FM/FM telemetry sub- 
system providing 17 continuous and one 
commutated IRIG standard subcarriers 
at 245.3 mc. Also, it includes a com- 
mand receiver and the attitude control 
system. 

The attitude reference system uses 
two 2-degree-of-freedom gyros for 
three-axis displacement sensing. Atti- 
tude corrections derived from gyro er- 
rors through the control system are ap- 
plied through actuation of six cold N, 
gas reaction jets. 

Fourth stage of Athena consists of 


a Hercules BE-3-4A motor, a chemical 
de-spin/re-spin system, retro-rockets 
and an instrumentation section. The 
latter includes a C-band radar beacon 
for range safety and tracking require- 
ments, timers, a telemetry system simi- 
lar to that in the third stage, but operat- 
ing at 259.7 mc. and a battery pack for 
electrical power. In addition ,the last 


stage includes the payload support struc-. 


ture. 

@ Flight sequence—Athena is 
launched from a 30-ft. rail at nominal 
angles of 156°AZ/75°EL for Mod. I 
and 151°AZ/76°EL for Mod. II. 

When clear of the launcher, the spin 
motors are ignited to assist flight stabil- 
ity and to average out thrust misalign- 
ments. The first stage motor provides a 
total thrust of 122,000 lbs., over a 40- 
second burning period. 

Second stage motor operation varies 
considerably between the two versions: 
Mod. I (using a TX-261) achieves 57,- 
000 Ibs. thrust over 13 seconds; Mod. II 
(using an X259) achieves 19,000 Ibs. 
thrust during a 34-second burning time. 

The nose cone heat shield is ejected 
from the vehicle at about 300,000 ft. 
altitude and the velocity package is 
ejected out of the front of the remaining 
cylindrical heat shield. The velocity 
package is ejected with a spin rate of 
three rps. 


Before actuation of the attitude con- 
trol system, the test vehicle is de-spun. 
All remaining motion in each axis is | 
stopped by the attitude controller and 
the planned orientation for re-entry is 
made. 

When all attitude corrections have 
been made and verified by ground con- 
trol, the vehicle is re-spun to 5 rps. Then 
in sequence—as directed by a mechan- 
ical timer—the guidance system is 
jettisoned, third stage fired and later 
separated, fourth stage fired and later 
separated and slowed by retro-rockets. 
The payload continues on to impact. 

@ Key tracking radars—The L/ 
UHF radars developed by Continental 
to support the ABRES program were 
developed under a $5.5-million contract 
awarded in June, 1962, and completed 
by June, 1964. 

First full operation of the two sta- 
tions was achieved by Oct. 1, 1963. 
Under a separate contract with the Air 
Force Missile Development Center, 
Holloman AFB, Continental provides 
operation and maintenance services for 
L/UHF sites. Between 40 and 45 flight 
missions have been tracked to date by 
the radars. 

The two systems developed by Con- 
tinental are essentially the same, differ- 
ing primarily in the size of antennas 
used. The AN/FPA-22 uses an 84-ft.- 
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dia. paraboloidal reflector; the FPA-23 
employs a 30-ft. dish. 

Each station is provided with two 
transmitters and four receivers. Both 
antennas produce 30-Mw peak power 
output at each frequency with a 100- 
pps repetition rate. They are limited to 
+110-degree rotation in azimuth and 
cover the range from 0 to 90 degrees 
in elevation. 

The two antennas are directed on 
target by an IBM-7094 computer facil- 
ity using data obtained from six range 
trackers. Accuracy of both new systems, 
reportedly, is to within +0.01 degree. 

Considerable effort has gone into 
the design of both the Ram and Stallion 
Sites to protect personnel from sidelobe 
and backlobe radiation and to shield the 
receiving equipment. As one Continen- 
tal official put it, “These radars radiate 
more energy by accident than most 
others do on purpose.” 

@ Unique antenna feeds—Both 
dishes and their supporting drive mech- 
anisms and pedestals were developed for 
Continental by Kennedy Antenna Div. 
of Electronics Specialty Co. 

A unique feed-horn assembly, devel- 
oped by Continental with LTV Elec- 
tronics, is used with both antennas. The 
feed permits simultaneous transmission 
and reception at L-band and UHF. Both 
transmitted signals are vertically polar- 


ized. Received signals at L-band and 
UHF are vertically and horizontally 
polarized. 

Antenna gain with the 84-ft. dish at 
L-band is 48 db and at UHF, 38 db. 
For the smaller dish, the gains respec- 
tively are 39 and 29 db. Beamwidths 
at L-band and UHF for the 84-ft. dish 
are 0.65 degree and 2 degrees; for the 
smaller antenna, 1.8 and 5 degrees. 

Average transmitted power at both 
frequencies is 60 kw total. 

Sidelobe radiation at the Stallion 
Site has been measured at about 300 
kw and for the Ram Site about 150 kw. 

® Equipment shelters—The L/UHF 
stations are fenced and access is by 
safety tunnels. Transmitting structures 
are 22 ft. high to permit crane removal 
and installation of the 12-ft.-high, 1,200- 
Ib., power-amplifier tubes. Shelters were 
built for Continental by Building Mart 
of El Paso, Texas. 

Shelters are steel walled with the 
sheathing taped together at the joints, 
primarily for radiation protection for 
personnel within the building. Receiver 
rooms are double shielded. 

Ninety-four tons of air-conditioning 
equipment is required at each site to 
cool the power-amplifier systems and 
maintain a habitable ambient tempera- 
ture for personnel. 

The large power-amplifier tubes (en- 


The world’s largest solid rocket 
motor develops over 1,000,000 
pounds thrust. Two successlul test 
firings of the 156-inch giant have 
demonstrated several new advances 
in solid propellant and 

rocket technology 


Nuclear submarine and crew safety 
will be improved by an emergency 
ballast expulsion system now 
under development at Lockheed 
Propulsion Co. Solid propellant gas 
generators will expel tons of sea 
water at least ten times faster 

than present methods. 


Additional production facilities 
installed on Lockheed’s 9,100 acre 
production and motor test site at 
Potrero, California, now double the 
capability lor large solid motor 
production from two plants 


New 300-gallon propellant mix 
station has been installed at 
the Potrero facility. It produces 
60,000 pounds each 24 hours. 


Full scale test of jet tab system adds 
further breadth to Lockheed 
Propulsion’s unique experience in 
several large motor thrust 

vector control systems. 


cased in 2-in.-thick lead containers for 
X-ray protection) were developed for 
the systems by Litton Industries: an 
L-3775 UHF tube is a four-cavity kly- 
stron tunable across the frequency band 
of 425 mc + 5%; and an L-3823 for 
L-band is a broadband klystron. Other 
transmitter equipment includes ignitron 
modulators (developed by Ling Elec- 
tronics), travelling-wave-tube drivers, 
and crystal controlled exciters. 

The receiving system, developed by 
Temco Aerosystems, employs four re- 
ceivers per site to measure both frequen- 
cies and both polarizations. 

@ Antenna control—Because of the 
very narrow beamwidths produced by 
each antenna, steering inputs must be 
extremely precise. The Ram antenna, 
for example, must be aimed within 
+ 0.18 degree of the target to illuminate 
It. 

Several modes of control are avail- 
able for the two antennas. An antenna 
control console at each station permits 
manual synchro steering and the same 
capability is provided at the site man- 
ager’s console. 

Land lines from adjacent range ra- 
dars provide inputs for automatic syn- 
chro steering. In addition, signals via a 
Kineplex link from the WSMR com- 
puter complex are provided for digital 
steering of the antennas. o 
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space optics 


‘Observatory’ Aircraft Proposed 
For Better Satellite Inspection 


Perkin-Elmer study indicates mobility, lack of atmospheric 
limitations would give better resolution than ground telescopes 


San Dieco, Ca.ir.—Satellite inspec- 
tion through telescopes mounted in air- 
craft would give a gain in resolution of 
two to three times, according to a study 
made by Perkin-Elmer Corp. 

Aim of the study was to find out 
how much detail on foreign satellites 
can be seen through telescopes—on the 
ground or in aircraft. 

Use of aircraft increases the prob- 
ability of being able to observe a satel- 
lite. 

Atmospheric conditions limit the lo- 
cation of ground observatories for satel- 
lite inspection to the southwestern 
United States and Hawaii. The geo- 
metric probability that one of these 
sites will be within a 400-mi. ground 
track of an orbit of arbitrary longitude 
is only between 2% and 4% if orbit 
inclination is significantly greater than 
site latitude—as it is for Soviet satellites. 

But a fast aircraft, given the ap- 
proximate ground track of the next pass 
of a satellite in a spherical orbit, might 
be expected to intercept the satellite 
over a 1,600- to 2,000-mi.-wide band 
of the surface traced out by the satellite. 

The aircraft’s mobility would give an 
even greater advantage for elliptical sat- 
ellite orbits. 

If the aircraft flew at 40,000 ft. al- 
titude, the daytime sky brightness would 
be about one fourth the brightness at 
5,000 ft., making the satellite easier to 
observe, and cloud cover would be much 
less of a problem. 

© Resolution considerations—Intel- 
ligence on the foreign satellite’s pur- 
pose is expected to come from an ability 
to distinguish openings or windows, 
antennas, rocket engines, and markings 
—all of which call for a system resolu- 
tion of about one foot. 

Atmospheric conditions limit ground 
telescope resolution to about one arc 
second. This means that details of 3 
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ft. will be resolvable on a satellite 100 
mi. overhead. But looking at the same 
satellite at an elevation angle of 30°, 
the system would only resolve details 
of six feet. For a satellite in a 200-mi. 
orbit, at the same elevation, details 
resolvable would measure about 12 ft. 

Better resolution can only be gained 
by going above the atmosphere. An air- 
borne system flying above 30,000 ft. 
could expect an average image blur due 
to atmospheric effects of 0.3 to 0.8 arc 
seconds by night, and 0.4 to 1.0 arc 
seconds by day. The corresponding 
figures at a high-altitude ground site 
are 1.0 to 3.0 arc seconds and 0.75 to 
2.0 are seconds. 

The Perkin-Elmer study showed that 
foreign satellites can be inspected by 
day, as well as during dusk and twilight. 

Results of the study were reported 
by C. S. Lapinski, M. F. Maguire, and 
F, S. Repogle to the recent Ninth Sym- 
posium on Ballistic Missile and Space 
Technology here. 

@ Disadvantages—Chief disadvan- 
tage of aircraft observation, reported 
the group, is that readiness and reli- 
ability of one complete airborne system 
will probably be significantly lower than 
that of a single ground station. Other 
disadvantages for the airborne system 
are greater difficulty in acquisition and 
tracking, and need for a larger operating 
crew. 

The Air Force has not announced 
any program for the airborne inspec- 
tion of satellites, but is installing a 
ground satellite inspection site at Cloud- 
croft, N.M., as an R&D system to eval- 
uate the potentialities of electro-optical 
systems for satellite inspection. 

If results of the Cloudcroft experi- 
ments, due to start this year, are good, 
an airborne system would presumably 
receive consideration. 


The airborne tracking of satellites 
is receiving its first publicized funding 
with the conversion of twelve C-135 
jets to function as command and telem- 
etry stations for NASA during the in- 
jection phase of Apollo lunar flights. In 
this aircraft, however, the tracking is 
carried out by a steerable S-band an- 
tenna in a nose radome. 

Demonstration of the suitability of 
a jet transport as an optical observation 
platform was given during the July 20, 
1963, eclipse of the Sun. Then a Doug- 
las DC-8 flying at 525 mph carried a 
spectrograph, infrared equipment, image 
converters, motion- and _ still-picture 
cameras, and other equipment at an 
altitude of 40,000 ft. for eclipse record- 
ing over a period of 142 seconds. 

During this time, the autopilot, 
specially adjusted by Sperry-Phoenix 
Corp. for this flight, kept DC-8 roll 
movements below 0.25°, and pitch 
movements even lower. Within the air- 
craft, a six-inch reflector telescope 
coupled to the spectrograph was il- 
luminated by a heliostat tracking mir- 
ror, which, with the aid of a gyro- 
stabilized platform, enabled the Sun’s 
image to be tracked with an accuracy 
of one minute of arc. 

A somewhat better tracking ac- 
curacy would be needed for the airborne 
satellite inspector system, which would 
probably have a field of view of about 
two minutes of arc. Also, the satellite 
would appear to move considerably 
faster than the Sun. 

® Present system details—The pres- 
ent ground station for inspecting satel- 
lites, using the 48-in.-aperture telescope 


at the USAF Electro-Optical Observa- | 


tory, Cloudcroft, has a 312-in. focal 
length primary system that can be ex- 
panded in steps to 3,000-in. focal length. 
In comparison, 200-mi.-range photo- 
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graphs of Sputnik IJ, which showed its 
length to be 79 ft. (with 5 ft. uncer- 
tainty), were taken with a 24-in. aper- 
ture telescope operating at 500-in. focal 
length. Specular reflection obscured all 
detail on the satellite. 

The new Air Force telescope is 
mounted on a large prcision three-axis 
mount with setting, track, and cross- 
track axes. 

Primary means of acquisition is by 
two five-inch aperture manual telescopes 
mounted north and south of the main 
observatory. Backup acquisition is ob- 
tained by pre-programming the large 
telescope to look angles predicted from 
the radar tracking net. 

Tracking is carried out by a 15-in.- 
aperture telescope, mounted alongside 
the 48-in. telescope, equipped with an 
image orthicon detector with angle 
gates. 

Main detectors for the telescope are 
also image orthicons, with both video 
recording and monitor photography be- 
ing used. 

@ Airborne system requirements— 
For a detector element in an airborne 
electro-optical system, the Perkin-Elmer 
group recommends a two-stage image 
converter, such as the RCA C70012. 
This is said to be capable of a total 
resolution over a 3.5-in.-dia. photo- 
cathode of 3,500 line pairs. It has a 
maximum input-to-output light flux gain 
of 1,500 times. Assuming the light at 
the output phosphor can be collected 
and imaged on recording film at 5% 
efficiency, exposures on the order of 
milliseconds are feasible. 

If the aircraft is flying at about 600 
mph, the exposure time needed to 
eliminate image blur must be 0.5 milli- 
second. 

At altitudes above 30,000 ft., the 
aircraft boundary layer turbulence will 
scatter only a few percent of the il- 
lumination transmitted through it. This 
does not significantly limit system reso- 
lution. 

If the “seeing” limitation from the 
aircraft is 0.25 arc-second, a field of 
view of three milliradians could be used, 
provided the resolution capability and 
short exposure time of the image con- 
verter are available. Minimum aperture 
of the main telescope would be about 
24 in. and its focal length would be 
about 1,600 in. 

Compactness is a prime considera- 
tion in airborne systems, and the basic 
Fliige form of telescope would probably 
be used. This has two principal ele- 
ments, the front corrector with the 
secondary mirror on the back surface 
and the main mirror. A transfer lens 
system provides the necessary power 
change. 

Both optical and radar acquisition 
aids would probably be needed in the 
aircraft. | 


Space electronics 


Sandia Tests Revamping 
Data About Radiation 
Damage to Transistors 


SEATTLE—Radiation damage to sili- 
con transistors can be much worse than 
measurements made several hours after 
exposure indicate. 

Previously, the assumption has been 
made that transistor gain at any time 
after irradiation is constant. But meas- 
urements at Sandia during exposure of 
transistors to 1018 nvt showed that tran- 
sistor current gain typically falls to a 
minimum value near the end of the 
radiation pulse and then begins to re- 
cover, reaching a constant value. 

This finding is particularly signifi- 
cant for circuits that have to function 
correctly within a fraction of a second 
of a radiation blast. In extreme cases, 
the Sandia tests showed that the gain 
one millisecond after a neutron burst 
may be equivalent to the constant-value 
gain predicted for double the neutron 
exposure. 

Results of the Sandia tests were given 
by H. H. Sander at the recent Nuclear 
Radiation Effects Conference here, 
which is jointly sponsored by the IEEE 
Professional and Technical Group on 
Nuclear Science and by the University 
of Washington. 

® Gain change traced—Sanders said 
that the shape of the gain-recovery curve 
was similar for all silicon transistors 
tested, but the amount of recovery va- 
tied with the type of transistor and the 
time-integrated neutron flux. Additional 
tests indicated the change in gain was 
the result of defect annealing. Test 
data for a number of different transistor 
types were given. 

The difficulty in interpreting the re- 
sults of radiation and thermal tests when 
these are carried out separately was 
stressed by F. J. Campbell of the U. S. 
Naval Research Laboratory, who said 
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that life of insulating materials must be 
measured under a combined thermal 
and radiation environment. 

Such measurements show that radia- 
tion exposure can increase the high- 
temperature life of several materials by 
800%, Campbell said. He said this is 
probably because of a balancing of the 
chain-scission and cross-linking mecha- 
nisms that occur in polymer reactions. 
Increased life is not, however, obtained 
with all materials, he added. 

Neutron and gamma irradiation of 
indium arsenide and indium antimonide 
Hall-effect multipliers indicates that they 
can be used close to a-c power-conver- 
sion systems such as SNAP-8, D. L. 
Nelson, Research Laboratories division, 
Bendix Corp. told the conference. 

@ Useful tool—The Hall-effect mul- 
tiplier offers a simple way to measure 
average a-c power for telemetry, pro- 
vided it can stand up to the SNAP ra- 
diation environment. 

Tests by Bendix showed that effects 
of gamma radiation (5 x 10’R, cobalt- 
60) were negligible. Neutron doses of 
1015 nvt caused measurable changes in 
Hall coefficient, however. Nelson sug- 
gested a simple method for compensat- 
ing for parameter changes caused by 
radiation, similar to a temperature-com- 
pensation technique. This keeps errors 
in the multiplying constant to less than 
1% for InAs devices and less than 3% 
for InSb devices. 

Two InAs devices mounted on glass 
substrates failed abruptly during neu- 
tron exposure. Because of the high ra- 
diation activity, these failures were not 
investigated thoroughly, but they were 
attributed to mechanical failure of the 
wire leads or solder connections. | 
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MISSILES AND ROCKETS, the weekly of Space Systems 
Engineering, will publish its fourth annual NASA Issue on 
November 30, 1964. 


This annual issue, now accepted as the authoritative publication on the 
nation’s space agency, will examine future procurement plans of the National 
Aeronautics and Space Administration and three organizations allied with it 
in exploring the peaceful uses of space, Communication Satellite Corporation, 
Atomic Energy Commission and the U.S. Weather Bureau. 

With major procurement for the Apollo manned lunar landing program now 
behind it, NASA is deep in the planning for new projects to expand man’s 
knowledge of space, including such post-Apollo missions as the Lunar Logistic 
Supply System, Manned Orbital Research Laboratory, Extended Apollo, Project 
Voyager and Manned and Unmanned Planetary Probes. ComSat Corp., AEC 
and the Weather Bureau are drawing up plans for their growing participation 
in the peaceful use of space. 


This issue of MISSILES AND ROCKETS provides the recognized and au- 
thoritative route to reach the men who will be making the research, design, 
engineering | and | procurement decisions in these new multi-billion dollar 
programs. 


By request, the fourth annual NASA issue of MISSILES AND 
ROCKETS will provide 5,000 bonus circulation to the decision- 

bonus circulation makers in NASA, AEC, ComSat Corp. and the Weather Bureau, 
This means more impact, more readership for your advertising 
dollars in MISSILES AND ROCKETS. 


publication date—nov. 30, 1964 
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Missile/Space Facilities 


The Communications Satellite Corp. is con- 
sidering the establishment of a multi-million dol- 
lar satellite ground station in eastern Washington 
state to handle telephone and data signals from 
satellites. ComSat Corp.’s chief of ground radio 
engineering, James B. Potts, is presently in that 
state inspecting possible sites. To meet the opera- 
tional timetable of 1967, construction on the 
Washington site will have to begin within the 
next few months. ... Douglas Aircraft Corp.’s 
Missile and Space Div. is expecting to complete 
a high energy propellant test facility near the 
Edwards AFB, Calif., Air Force Propulsion Lab- 
oratory by late this year. The $250,000 facility 
will be among the first of its kind and will be 
devoted to developing and testing systems, com- 
ponents and handling techniques of advanced, 
high energy propellants for future space vehicles. 
. .. Aveo Corp.’s Research and Advanced Devel- 
opment Div., Wilmington, Mass., has accepted 
delivery of an 18x18x18-ft. stainless steel pan- 
elled walk-in environmental test chamber from 
American Research Corp., Farmington, Conn. The 
unit contains complete automatic programming 
control of dry-bulb temperature and relative hu- 
midity conditions, Features of the chamber in- 
clude temperature range from —100°F through 
350°F. A 120-hp motor powers the mechanical 
cascade refrigeration system, which uses freon 
13 and freon 22 refrigerants. ... Spectrol Elec- 
tronics Corp., San Gabriel, Calif., manufacturer 
of precision potentiometers and other electronic 
components, will soon begin construction of a new 
plant at City of Industry, Calif. The firm’s four 
California facilities will be consolidated in the 
65,000-sq.-ft. building by July. ... The Boeing 
Co. has leased 8,000 sq. ft. of office space in the 
town of Cape Canaveral, Fla., to keep pace with 
its expanding missile/space activities in the Cape 
Kennedy area. ...TRW Space Technology Lab- 
oratories plans to complete the first of five build- 
ings it is constructing in Houston near NASA’s 
Manned Spacecraft Center. The complex, when 
finished, will cover 10 acres and provide some 
250,000 sq. ft. of floor space. 


Mergers and Acquisitions 


Avnet Electronics Corp. and Interphoto Corp., 
Culver City, Calif., have negotiated a merger 
agreement, subject to approval by the boards of 
directors of the two firms and their shareholders. 
The merger is to be accomplished through a stock 
transaction. Avnet is a diversified marketing cor- 
poration and Interphoto is a leading distributor 
of cameras and other photographic equipment. ... 
Switchcraft, Inc., Chicago, electrical switch man- 
ufacturer, has purchased the production tools, 
equipment and inventory of Federal Anti-Switch 
Co., New York City. The Federal line consists of 
lever-actuated anti-capacity switches, which will 
complement the lever and push-button switches 
made by Switchcraft. 
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New Activities 


Advanced Metals Corp. has been formed in 
Pittsburgh to produce a wide range of powdered 
metal components for mechanical and electrical 
applications. Basic product areas will include elec- 
trical contacts, semi-conductor components, elec- 
trical discharge machining electrodes and me- 
chanical parts of all types. 


Company Representatives 


Technical Appliance Corp. (TACO), Sher- 
burne, N.Y., manufacturer of military and indus- 
trial antennas, antenna systems and accessory 
equipment has appointed three new representa- 
tives. Earl Associates of Honolulu will serve 
Hawaii and U.S. Territories and Possessions in 
the Pacific; the Portland and Seattle offices of 
Don H. Burcham Co. will be responsible for the 
states of Alaska, Oregon, Washington, northern 
Idaho and western Montana. In southern Cali- 
fornia, southern Nevada and Arizona the Kittle- 
son Co. of Los Angeles will represent the TACO 
line. .. . Telonic, Inc., Beech Grove, Ind., has 
appointed Electro-Sales Assoc. its new sales rep- 
resentative for Michigan, Ohio and western Penn- 
sylvania. Electro-Sales has offices in Dayton, 
Cleveland, Detroit and Pittsburgh. Telonic makes 
sweep/signal generators, turret and toggle atten- 
uators, coaxial RF switches and RF detectors... . 
Texas Instruments, Inc., Dallas has appointed 
V. Avis McCorvey & Co., Decatur, Ga., its South- 
eastern sales representative for TI’s line of car- 
bon-film resistors. McCorvey will serve Georgia, 
Alabama, Florida, North and South Carolina and 
eastern Tennessee. 


International 


Air Products and Chemicals, Inc., Allentown, 
Pa., and Societe Generale de Belgique has agreed 
to form a jointly owned company, Air Products, 
S.A.-N.V., with headquarters in Brussels. Air 
Products S.A.-N.V. will build a $7-million oxygen- 
nitrogen-argon plant near Ghent, Belgium, and 
will engage in the production, distribution and 
sale of industrial gases and related gas-using 
equipment throughout the Benelux countries. The 
firm will also sell cryogenic process plants within 
the same market area.... An International Tele- 
phone and Telegraph subsidiary, Standard Tele- 
phones and Cables (SA) (Pty) Ltd. in South 
Africa, has completed a production sample run 
of 15,000 silicon epitaxial transistors in a newly 
established manufacturing unit. The event was 
probably the first production run of transistors 
in Africa. ...Amphenol-Borg Electronics Corp., 
Broadview, Ill., has acquired Amphenol Canada 
Ltd., Toronto, for an undisclosed amount of cash. 
Amphenol Canada will continue to make its pres- 
ent line of electrical and electronic components 
featuring connectors and coaxial cable as a wholly 
owned subsidiary of Amphenol-Borg. 
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——contracts and procurements 


AWARDS 


AIR FORCE 


$5,506,086—North American Aviation, Inc., An- 
aheim, Calif., for spare parts for Minuteman 
guidance system. 


$2,988,000—Aernjet-General Corp., Sacramento, 
Calif., for continued work on liquid rocket 
engines for unspecified space projects. 


$2,200,000—General Precision Equipment Corp., 
General Precision, Inc., Little Falls, N.J., to 
conduct a flight feasibility test program on an 
unnamed stellar inertial guidance system. 


$1,650,150—Martin Cn., Denver, Colo., to update 
technical manuals for Titan I] program. 


$1,550,000—Nnrth American Aviation, Inc., Ca- 
noga Park, Calif., for continued manufacture 
of Thor rocket propulsion systems. 


$1,500,000—General Telephnne & Electronics 
Cnrp., Sylvania Electric Products, Inc., New 
York City, for production of special-purpose 
electronic receiving equipment. 


$1,150,000—Lockheed Aircraft Corp., Sunnyvale, 
Calif., increment for work on an unspecified 
space research program. 


$114,000—Martin Co., Baltimore, for development 
of a minimum reactor power hand-tool for use 
and experimentation in free outer space en- 
vironment. 


$65,246—Aerojet-General Corp., Nucleonics Div., 
San Ramon, Calif., for controlled fusion pro- 
pulsion research. 


ARMY 


$20,600,000—Phileo Corp., Aeronutronic Div., 
Newport Beach, Calif., for mass production of 
Shillelagh gun-launched anti-armor guided mis- 
siles. 


$1,740,600—Western Electric Co., New York City, 
for engineering services in connection with 
Sleigh Ride anti-missile research program. 


$1,646,545—Akwa-Downey Construction Cn., Mil- 
waukee, for an equipment lahoratory test build- 
ing to be huilt at Patrick AFB for calibrating 
and repairing precision measuring equipment 
and optical items used on the Eastern Test 
Range. 


$1,413,890—Smith and Sapp Construction Co., 
Orlando, Fla., to build a launch equipment 
shop to provide machine shop facilities for 
NASA’s Merritt Island Launch Area. 


$108,000—Martin Co., Orlando, Fla., for non- 
personal technical services in support of the 
Army Missile Command and DOD zero-defects 
program. 


NAVY 


$16,883,000—Gyrodyne Company of America, 
Inc., St. James, N.Y., for production of anti- 
submarine drone helicopters. 


$9,573,525—Lockheed Missiles & Space Co., Sun- 
nyvale, Calif., for engineering services, logistic 
support and technical assistance in support of 
fleet ballistic missile program. 


$6,664,931—Avco Corp., Richmond, Ind., for Po- 
laris missile fusing devices. 


$2,210,400—A erojet-General Corp., Sacramento, 
Calif., to make propellant material for Polaris 
missile motors. 


$2,093,750—North American Aviation, Inc., Ca- 
noga Park, Calif., for continued work on 
rocket motors for air-to-ground missiles. 


$1,840,895—Interstate Electronics Corp., Anaheim, 
Calif., for Polaris instrumentation. 


$79,838—-Gnodyear Aerospace Corp., Akron, Ohio, 
for services, material and equipment for evalu- 
ation of feasibility of utilizing ballute system 
as control device for Snake Eye 11 weapon. 


$49,463—Aerochem Research Lahoratnries, Inc., 
South Brunswick Township, N.J., for research 
of rocket exhaust gases phenomena. 
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$3,500,000—Aerojet-General Corp., Azusa, Calif., 
incremental funding for SNAP-8 program. 


$1,500,000—Aerojet-General Corp., Sacramento, 
Calif., for incremental funding liquid rocket 
operations. 


$1,283,617—TRW/Space Technnlogy Lahs, Inc., . 


Redondo Beach, Calif., for continuation of 
guidance and contrnl effort of the Aflas/ 
Centaur vehicle studies for a 12-month period. 


$1,000,000—Computer Sciences Corp., El Segundo, 
Calif., for computer programming services. 


$582,304—Missile Systems Corp. nf Texas., Emtex 
Div., Carrollton, Tex., for manufacture and 
assembly nf Talos guidance, control and air- 
frame booster fins. 


$500,000—Lockheed Missiles & Space Co., Sunny- 
vale, Calif., incremental funding. 


$175,000—Dnuglas Missile and Space Systems 
Div., Santa Monica, Calif., for parametric 
study of logistics-type entry vehicles. 


$98,539—Nnrth American Aviation, Inc., Space 
and Information Systems Div., Downey, Calif., 
for a study of unmanned system to evaluate 
the Martian environment. 


$97,625—Rocket Research Corp., Seattle, for de- 
velopment of subliming solid control rocket. 


$71,500—USAF Logistics Command, Middletown, 
Pa., for hydrazine and UDMH propellant. 


$34,500—-Atnmic Energy Cnmmission, Paducah, 


Ky., for rocket injector assemblies. 


Thiokn! Chemical Corp., Wasatch Div., Brigham 
City, Utah, to determine the feasibility of us- 
ing beryllium propellant to improve the main 
tetromotor for the Surveyor spacecraft (amount 
undisclosed). 


INDUSTRY 


$40,000,000—Martin Company, Orlando, Fia., 
from Bell Telephone Lahoratories, Whippany, 
N.J., for continued development work on the 
Sprint anti-missile missile. 


$5,000,000—Fairchild Camera and _ Instrument 
Corp., Semiconductor Div., Mountain View, 
Calif., from Contrnl Data Cnrp., Minneapolis, 
for silicon transistors and diodes. 


$1,280,000—-Systrnn-Donner Corp., Concord, 
Calif., from General Electric Co., New York 
City, for a quantity of analog computers. 


$225,000—Marquardt Cnrp., Van Nuys, Calif., 
from The Bnelng Co., Seattle, for small rocket 
engines that will guide lunar orbiter spacecraft 
around the Moon. 


$125,000—Quantic Industries, Inc., San Carlos, 
Calif., from Thiokn! Chemical Cnrp., Wasatch 
Div., Brigham City, Utah, to redesign the 
standardized safety and arming device which 
is used for ignition of the three propulsion 
stages of the Minuteman missile. 


General Telephnne & Electronics Corp., Sylvania 
Electric Products, Inc., New York City, from 
American Machine and Foundry Corp., New 
York City, for an order for 29 nuclear fuel 
elements for the Pakistan Research Center 
(amount undisclosed). 


ITT Federal Lahnratories, Fort Wayne, Ind., from 
Sperry Rand Corp., Univac Div., St. Paul, 
Minn., for the design and development of a 
multi-color display system for the Army Penta- 
gon War Room (amount undisclosed). 


Super-Temp Corp., Santa Fe Springs, Calif., from 
Aerojet-General Cnrp., Sacramento, Calif., for 
missile nozzle components for the Polaris A-3 
(amount undisclosed). 


ARMS CONTROL 
AND DISARMAMENT AGENCY 


$125,628—Thnmpson Ramn Wholdridge, Space 
Technology Laboratories, Redondo Beach, 
Calif., for a study of the ways in which 
ICBM’s could be more quickly built and placed 
for use by a country violating a possible agree- 
ment to limit production nr by a country re- 
sponding to such a violation. 


REQUESTS FOR BIDS 


GENERAL PROCUREMENTS 


Purchasing Office 

George C, Marshall Space Flight Center 
Huntsville, Ala. 35812 

Attn: R. W. Clatworthy 


Negotiations are tn be conducted witb Auburn 
Research Foundation, Auburn University, Ala., for 
a basic research and developmental type program 
(study) entitled “Investigation nf Optimum Design 
for de Operational Amplifiers.”” Fnr information 
only; RFP not available. 


Purchasing Office 
George C. Marshall Space Flight Center 
Huntsville, Ala. 35812 


Supporting research studies to booster flight con- 
trol problems to be issued to colleges and universi- 
ties only. RFQ due date Dec. 3, 1964. It is esti- 
mated that the period of performance will he for 
twelve months. 


National Aeronautics and Space Administration 
Ames Research Center 
Moffett Field, Calif. 94035 


Negotiations will be conducted with Lockheed 
Aircraft Corp., Palo Alto, Calif., for a study to 
design and develop a water vapor electrolysis unit. 
For information nnly; RFP not available. 


Directorate of R&D Procurement 
Systems Engineering Group 
Research and Technology Division 
Wright-Patterson AFB, Ohio 


Research and development to estatblish design 
criteria and fabrication techniques for a wide 
range, thermoelectrically and structurally stable 
pyrolytic graphite thermocouple nf high accuracy 
suitable for aerospace applications. RFP 5-20150- 
KNA. Requests for copies of this proposed pro- 
curement should be received not later than Nov. 
25. 


U.S. Army Missile Command 
Procurement and Production Directorate 
Procurement Operations Office 

Systems Contracts Division A 
Negotiation Br. 2 

Redstone Arsenal, Ala. 35809 

Attn: AMSMI-IWB 


The U.S. Army Missile Command has awarded 
Contract DA-01-021-AMC-11549(Z) to The Bendix 
Corp., Bendix Systems Div., Ann Arbor, Mich., 
for design, fabrication and installation of TV 
tracker system. It is suggested that small business 
firms nr nthers interested in subcontracting oppor- 
tunities in connection with tbis procurement make 
direct contact with the Bendix Corp. 


U.S. Army Missile Command 
Procurement and Production Directorate 
Procurement Operations Office 

Systems Contracts Division A 
Negotiation Br. 2 

Redstone Arsenal, Ala. 35809 

Attn: AMSMI-IWB 


The U.S. Army Missile Command has awarded 
Contract DA-01-021-AMC-11565(Z) to  Baird- 
Atomic Inc., Cambridge, Mass., for classified 
study. It is suggested that small business firms or 
others interested in subcontracting opportunities in 
comnection with this contract make direct contact 
with Baird-Atomic. 


Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 

Negotiations will be conducted with General 
Atomics Div. of General Dynamics Corp., San 
Diego, Calif., for continuation researcb of thermi- 
onic materials for space power applications. For — 
information only; RFP not available. 
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Lewis Researcb Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 


Negotiations will be conducted with Electro- 
Optical Systems, Inc., Pasadena, Calif., for fabri- 
cation of ten infiltrated sintered tungsten ionizer 
slabs for contact ion engine tests. For information 
only; RFP not available. 


Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 


Negotiations will be conducted with Monsanto 
Researcb Corp., Dayton, Ohio, for a continuation 
of a researcb development & experimental pro- 
gram to design, fabricate and test a fuel cell oper- 
ating on storable rocket propellants. For informa- 
tion only; RFP not available. 


Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 

Negotiations will be conducted witb Tbompson 
Ramo Wooldridge Inc., Cleveland, Ohio, for a 
continuation study to optimize high power static 
inverters. For information only; RFP not available. 


Lewis Researcb Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 


Negotiations will be conducted with the Frank- 
lin Institute, Philadelphia, for an analytical study 
on the stability of rotors supported on gas bear- 
ings. For information only; RFP not available. 


Lewis Researcb Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 


Negotiations will be conducted with S. V. Man- 
son and Co., Inc., Arlington, Va., for a continua- 
tion researcb study on liquid cooled bear excbang- 
ers to be used in tbe evaluation and optimization 
of the Brayton Cycle for Power Applications in 
Space. For information only; RFP not available. 


Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 


PR was issued on 10-29-64 for a research and 
development program on applicability of nuclear- 
thermonics to the production of electric power 


You get the complete PERT system and, 
for the first time, a PERT technique show- 
Ing you how to predict and monitor profit 
on a continuing bi-weekly cycle. 


Chapter XI, “Profit PERT and Incentives,” 
brings you the Martin Company case his- 
tory showing how the Titan III PERT-profit 
system works: In the words of Secretary 
of Defense Robert McNamara, “(Titan III) 
Is probably the best managed contract we 
have, and it is the best managed almost 
entirely because of the tremendous incen- 


FOR ALL 
LEVELS OF 


MANAGEMENT 


offered for the first time 


$2.75 
by B. J. HANSEN 


(member of the original 
Polaris-PERT Team) 


tive given to that contractor in the form 
of potential profit increases to hold his 
costs down.” 

PRACTICAL PERT tells how and when to 
meet contract obligations, how to keep 
programs on schedule, how to win highest 
incentive fees. PERT, developed for the na- 
tion's defense programs, can be applied to 
management operations te monitor profit 
as well as cost, time and performance in 
the fields of construction, chemical proc- 
essing, manufacturing . . . and wherever 
complex systems are involved. 


PRACTICAL PERT contents 


I INTRODUCTION TO PERT 
If THE ABC'S OF PERT 
lf! PERT & TIME 
IV HOW PERT PLANS 

V HOW PERT CONTROLS 
VI BUILDING PERT 


VII WHAT IS NETWORKING 

Vill REFINING THE NETWORK 

IX MEASURING MANAGEMENT RISK 
X PERT & COST 

XI PERT COSTS & COMPUTERS 

XI PROFIT PERT & INCENTIVES 

XIH PERT DATA DISPLAY 


for space application to General Atomic Division 
of General Dynamics Corp., San Diego, Calif. 
92112, Attn: Mr. Paul C. McWeen, Jr. It is sug- 
gested tbat smal} business firms or others interested 
in subcontracting opportunities in connection with 
this contract make direct contact with Mr. Mc- 
Ween. 


Procurement and Production 
R&D Contract Division 
Laurence G. Hanscom Field 
Bedford, Mass., 01731 


Modification of contract for continuation of 
research directed toward the study of solar ter- 
restial relationships to be negotiated with Geo- 
Science, Inc., Alamogordo, N.M. For information 
only; RFP not available. 


AMERICA HOUSE 
1001 Vermont Avenue, N.W., Washington, D.C. 20005 


National Aeronautics and Space Administration 
Ames Researcb Center 
Moffett Field, Calif. 94035 


Negotiations are being conducted witb Ameri- 
can Bosch Arma Corp., Arma Division, Garden 
City, N.Y., for a space navigation computer study. 
For information only; RFP not available. 


Send Me [_] Copies of Practical Pert pees Handling 


$3.00 


O) Check Enclosed CO Bill Me 
Contracting Officer 

National Aeronautics and Space Administration 
Langley Station 

Hampton, Va. 


Request for Proposal L-4947 initiates tbe Lang- 
ley Researcb Center’s effort to achieve the objec- 
tives of tbe bypersonic ramjet experiment project. 
The tecbnical and business management portions 
of RFP L-4947 due date is Jan. 5, 1965. Price and 
financial due date is Jan. 19, 1965. Telepbone re- 
quests sbould be directed to Hampton, Va., Area 
Code 703-722-7961/Ext. 3330. 
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——products and processes 


cus of the unit’s design is a 20-watt 
ultrasonic welding system, said to elimi- 
nate problems associated with the heat- 
ing cycle of thermocompression bond- 
ing. 
The device provides wire-feed, work 
- manipulation, welder head operation 
and work positioning. Single-hand oper- 
ation includes X-Y positioning, welder- 
head lowering, clamping-force applica- 
tion, weld-cycle initiation, head lift and 
wire feed. A single right-hand wheel 
control is used for the Z position (ad- 
justable to two positions). Vacuum or 
mechanical chuck pedestals (rotational 
360 degrees) are available. 


Circle No. 151 on Subscriber Service Cord 


Square Function Generator 


A signal-operated square function 
generator requiring no power supply 
is being marketed by Scientific Colum- 


New Product of the Week: Basttinc: 


d an ia ae = oy saa 
Tange o to ma peak. Nomina 
Micropositioner output at 250 ma is 100 mv. The device 
is temperature-compensated from —55° 
to 75°C and has an accuracy of +1%. 
Input and output are solder terminals 
in a glass-to-metal sealed header. The 
unit measures 1.75 x 1.25 x 2.75 in. 
Circle No. 152 on Subscriber Service Cord 


A complete ultrasonic welding work The micropositioner is designed for 
station, the Model MP-20-L, has been lead-wire bonding to semiconductor de- 
developed by the Sonobond Corp. vices and for use in microcircuitry, Fo- 


Electronic Welder 


Unitek’s Weldmatic Div. is market- 
ing a capacitor-discharge welder power 
supply featuring an SCR discharge cir- 
cuit. The solid-state Model 1059BMS 
also features full circuit switching for 
each of two ranges. Low range is 0.06 
to 9 watt-seconds; high range is 0.3 to 
45 watt-seconds. 

Output energy is maintained within 
=1% for line voltage variation between 
100 and 130v ac. Discharge time is 
0.0025 second into 1-milliohm load. 


UNBOLT aot UNLATCH eee RELEASE Circle No. 153 on Subscriber Service Card 
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Phase-Angle Voltmeter 
in an instant . North Atlantic Industries, Inc., is 


marketing a three-frequency phase-angle 
voltmeter. Measurement capability in- 
cludes operation as a conventional 
VTVM from 10 cps to 100 ke. As a 


EXPLOSIVE ACTUATED RELIABILITY 


It's a fact... whatever can be done with explosive actua- 
tion, Conax does it more reliably . .. and their problem- 
solving ingenuity matches the dynamics of their technol- 
ogy, too! Since inventing the first explosive actuated 
valve for aerospace applications over twelve years ago, 
Conax has provided the widest range of the most reliable 
explosive actuated devices in the world . . . 99.994 % 
reliable, we mean! Get the facts in the free catalog B-1864, 


CONAX EXPLOSIVE PRODUCTS DIV. 
2300 Walden Avenue, Buffalo, N. Y. 14225 / 716-664-4500 
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phase-angle voltmeter, channels are 
available for any of three frequencies 
from 30 cps to 20 ke, all +5% band- 
width without adjustment. Phase-sensi- 
tive null sensitivity exceeds 1.0 micro- 
volt. All functions operate over 13 
ranges, 300 mv to 300v full scale. 
Circle No. 154 on Subscriber Service Card 


Vibration Exciter 


MB Electronics has introduced a 
vibration exciter with a lightweight 
moving element designed to permit 
higher payloads and forces than pre- 
vious units. 

The Model C21 is engineered for 
both light-load high-g testing and heavy- 
load low-g testing. It produces a 2,000- 
Ib. vector force (4,200-Ib. peak) and 
has a usable frequency range of 5 to 
5,000 cps at a maximum acceleration 
of 125 g’s. At full-force operation, a 
payload of 10.8 Ib. can be driven to 
100 g or 190 Ib. to 10 g. 

According to the firm, the design 
of the moving element also gives the 
unit an inherently high natural fre- 
quency, with the first disturbing res- 
onance ocurring above 3,800 cps at no 
load. Loaded resonant frequency is us- 
ually 0.7 of the unloaded resonant fre- 
quency for maximum loads. 

Circle No. 155 on Subscriber Service Cord 


Trace Sampler 


The “EEL” spectra, manufactured 
by Evans Electroselenium, Ltd., is a 
self-contained instrument that gives co- 
lorimetric determinations of trace ele- 
ments in solid samples. 

It incorporates a continuous spec- 
trum-wedge optical filter and a single 
photocell to provide wavelength meas- 
urements from 400 to 700 millimicrons. 
Up to four samples may be inserted, 
thus permitting a check on both stand- 
ard and blank solutions. 

Information is available from Bor- 
ders Electronics Co. 

Circle No. 186 on Subscriber Service Cord 


Klystron Amplifier 


An electrostatically focused klystron 
amplifier for space communications and 
tracking has been developed by Elec- 
tron Tube Div. of Litton Industries, Inc. 

The L-3910 is a 32-oz., S-band, all- 
Metal-ceramic microwave tube. It de- 
livers a nominal power output of 20 
watts CW at 2,287.5 mc. Power level 
can be varied from 5 to 50 watts at 
good efficiency by varying the beam 
voltage, the company says. At the 20- 
‘watt power level, beam voltage is 1,650v, 
nominal efficiency is 30% (without a 
depressed collector), gain is 20 db, 
bandwidth is 5.5 megacycles and noise 
figure is 28 db. 


Circle No. 1S7 on Subscriber Service Cord 


Impedance Meter 


Dranetz Engineering Laboratories, 
Inc., is marketing a complex impedance 
admittance meter which makes possible 
direct measurement and continuous lo- 
cus plotting of parallel equivalent con- 
ductance and susceptance for an un- 
known having one terminal grounded. 

The Model 100B is designed to 
avoid circulating ground currents dur- 
ing measurements, particularly import- 
ant in low-level calibration of sonar 
and ultrasonic transducers. 

Specifications include 12 full-scale 
admittance ranges from 10 micromhos 
to 50 millimhos; a frequency range of 
100 cps to 200 kcps and voltage across 
unknown, 3v RMS. 


Cirele No. 1S8 on Subscriber Service Card 


Calibration System 


A calibration system which offers 
absolute calibration of accelerometers 
at frequencies up to 50 ke and measure- 
ment of small dynamic displacements 
has been developed by Gulton Indus- 
tries, Inc. 

The Model KA-2826 has a wave 
form distortion of less than 2% to 


20 ke and 5% to 50 kc. It is composed 
of an interferometer, piezoelectric vi- 
brator and driver. The interferometer 
has a frequency range of 500 cps to 50 
ke and can measure absolute displace- 
ments from 4 x 10—§ to 45 x 10~—® in. 
Set-up time is less than 5 minutes. 
Circle No. 189 on Subscriber Service Cord 


Ultrasonic Cleaner 


A multi-purpose ultrasonic system 
for removal of inorganic and organic 
dirt from precision components is be- 
ing marketed by Blackstone Ultrason- 
ics Corp. 

The duel-tank unit pre-cleans ultra- 
sonically in heated solvent in one tank. 
The other tank heats the solvents, con- 
denses vapors, ultrasonically washes, 
filters solvents, spray rinses and vapor 
rinses. The system consists of a heated 
wash unit with a transducer, a heated 
and cooled wash/rinse unit with trans- 
ducer, a filtered spray flushing unit and 
a generator. A double output receptacle 
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and selector switch on the generator 
permits the operator to activate either 
tank. 

Circle No. 160 on Subscriber Service Cord 


Field Effect Amplifier 


A field effect amplifier with a trans- 
conductance execeding 1 mho has been 


introduced by Raytheon Co.’s Semi- 
conductor Div. 

The Mho-Amp has a total device 
dissipation of 5 watts and a gain of 
150 db. Input impedance is greater than 
10” ohms, excluding external circuitry. 
Noise figure is less than 2 db at 1 kc 
with a generator impedance of one 
megohm. 

Circle No. 161 on Subscriber Service Card 


Coated Resistor Line 


Electra Manufacturing Co. has de- 
veloped a line of conformally coated 
resistors—engineered to achieve a fail- 
ure rate of no more than 0.0004% per 
1,000 hrs. 

The CHM line is available in five 
sizes with a combined resistance range 
from 30.1 ohms to 1 megohm. The re- 
sistors are rated at 1/20, 1/10, 1/8, 
1/4 and 1/2 watt, all at 125°C. Resist- 
ance tolerance of the 1/20-watt unit 
is 1%. 


Circle No. 162 on Subscriber Service Cord 


Silicone Rubber Base 


Silicone rubber compounds designed 
to contain large amounts of extending 
fillers while retaining good physical 
properties can be produced from a new 
compounding base, according to Dow 
Corning Corp. 

Designated Silastic 437 base, the ma- 
terial is designed for use in compound- 
ing rubbers for MIL-R-5847D, Ila and 
IIb, classes 40 to 80; MIL-STD-417 TA 
405, 805, 407, 807; and AMS 3301 to 
3305 specifications. 

The material consists of 81% (by 
weight) methyl vinyl polysiloxane and 
19% reinforcing silica filler. Typical 
properties include a specific gravity of 
1.09 and a brittle point of —100°F. 


Circle No. 163 on Subscriber Service Card 
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let us move with you! 


Six Weeks Is Required 
To Change Your Magazine Address 


A regulation of the Post Office requires that you 
pay extra postage if copies of 


MISSILES AND ROCKETS 


are forwarded to you et your new address. Copies 
will not be forwarded free and we cannot replece 
lost copies. To insure delivery at your new ed- 
dress pleese notify us at least six weeks in ed- 
vance of your moving. Send us your old and new 
address, and, if possible, the address label 
from your last issue ... include your postal 
zone or zip number. Thank you. 


Write to: 


Missiles and Rockets 
Circulation Department 
1001 Vermont Ave., N.W. 
Washington, D.C. 20005 


COUCH 


Named to newly created corporate 
group vice presidential posts at Aerojet- 
General Corp. are L. W. Mullane, formerly 
corporation vice president and general 
manager; and Dr. A. L. Antonio, vice 
president, who recently served in Aerojet’s 
Sacramento plant and its Space-General 
Corp. subsidiary in El Monte, Calif. 


Clyde Skeen: Elected president of Ling- 
Temco-Vought, Inc., Dallas. He was for- 
merly executive vice president and chief 
financial officer at LTV. Skeen succeeds 
Gifford K. Johnson, who resigned. 


William D. Kiehle: Elected national 
president of the Society for Non-Destruc- 
tive Testing for 1964-65. He is manager of 
industrial X-ray sales for Eastman Kodak 
Co., Rochester, N.Y. Other officers elected 
were Bryant E. Justice, General Dynamics 
Corp., vice president; Richard B. Socky, 
General Electric Co., treasurer; and Philip 
D. Johnson of the society, secretary. 


Soeforge sfo-esecte ose 


ee 


M/R BUSINESS OFFICES 


Woshington, D.C. 20005—1001 Vermont Ave- 
nue, NW; (202)783-5400 
A. C. Boughton, Notional Soles Monoger 
Kenneth C. Blonchord, Director of Reseorch 
ond Morketing 


New York, N.Y. 1001720 Eost 46 Street; 
(212)9B6-3900 
Poul B. Kinney, Eostern Advertising Mon- 
oger 
Paul N. Anderson 


Beverly Hills, Calif. 90210—9301 Wilshire 
Blvd.; (213)272-9827 or 274-B791 
Edwin J. Denker, Jr., Western Advertising 
Manoger 

Ronald L. Rose 


New Englond: 15 Holf Mile Common, West- 
port, Conn. 068B0; (203)227-6B67 
Gerry Mullin 


Boston, Moss. 02116—755 Boylston Street, 
Suite 306; (617)266-4455 
Gerry Mullin 


Detroit, Mich. 4B237—21990 Greenfield 
Rood, Ook Park, Mich.; (313)547-B880 
Michoel Rouff 


Chicago, III. 60601—1 Eost Wocker Drive, 
Room 1522; (312)321-1444 
Charles E. Durhom, Jr. 


Miami, Flo. 33022—P.0. Box 890, Holly- 
wood, Fla.; (305)947-6072 
R. P. Coldiero 


London, W.1., Englond—44 Conduit Street; 
REgent 4714 
American Mogazine Group 


Geneva, Switzerland—10 
Genevo 321044 


Poris, Fronce—11 Rue Condorcet; TRU 15-39 


George J. Bohrer: Appointed director 
research and development, friction mate- 
rials, of the Thermoid Division of H. K. 
Porter Co., Inc., Pittsburgh. 


Robert B. Young: Has returned to his 
position as vice president and general man- 
ager of Aerojet-General Corporation’s Sac- 
ramento Plant in California. He served as 
a top deputy to Dr. Wernher von Braun 
during the past year at NASA’s George C. 
Marshall Space Flight Center, Huntsville, 
Ala. 


Richard W. Couch: Appointed vice 
president and general manager of the east- 
ern operation of Sylvania Electric Prod- 
ucts, Inc., Electronic Systems Division, 
New York City. He was formerly manager 
of the division’s Minuteman program. 
Harvey S. Tzudiker has been named man- 
ager-technical liaison for the European 
Area of Sylvania. 


Thomas F. Russell: Elected vice presi- 
dent-finance for Federal-Mogul-Bower 
Bearings, Inc., Detroit. 


Frank W. Vaughn: Appointed manager 
and director of the Merritt Island launch- 
support services for the Bendix Field En- 
gineering Corporation, Cape Kennedy, Fla. 
He will deal basically with the operation 
of Launch Complex 39—the center of 
launch activities for the Apollo-Saturn V. 


Rue Grenus; 
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——yames in the news 


VAUGHN 


SKEEN 


M. E. Ellion: Appointed associate man- 
ager of the space systems division Propul- 
sion Department of Hughes Aircraft Co., 
Culver City, Calif. He was formerly a con- 
sultant to many of the nation’s major mis- 
sile programs. Robert B. Robinson was 
named manager of power systems and 
test operations, space systems. He was 
formerly with Boeing Co. working on 
Minuteman suppott. 


Jay A. Erikson: Joined U. S. Polymeric 
Chemicals, Inc., Santa Ana, Calif., as a 
research and development staff scientist. 


Warren C. Anderson: Appointed presi- 
dent of Micro Systems, Inc., a subsidiary 
of Electro-Optical Systems, Inc., Pasadena, 
Calif. He was formerly president and treas- 
urer of Graham Engineering. 


John N. Howard: Named to fill the 
newly created post of chief scientist at Air 
Force Cambridge Research Laboratories 
AF/OAR), Cambridge, Mass. He will ad- 
vise the AFCRL commander on existing | 
and planned research programs in the phys- | 
ical and environmental sciences. j 


J. H. Mann: Appointed assistant to the 
president of Ace Electronics Associates, 
Inc., Somerville, Mass., a manufacturer of 
precision potentiometers for electronics, 
missile and space industries, 


Thomas J. Hanratty: Recipient of the 
William H. Walker Award from the Amer- 
ican Institute of Chemical Engineers for 
excellence in contributions to chemical en- 
gineering literature. 


Joseph C. Brenner: Elected president 
of Astro Space Laboratories, Inc., Hunts- 
ville, Ala. He has been vice president and 
general manager of this subsidiary of | 
Belock Instrument Corp. for the past year. 


James C. Fletcher: Inaugurated presi- 
dent of the University of Utah, Salt Lake | 
City. He was formerly chairman of the 
board of Space-General Corp., El Monte, 
Calif., and systems vice president of Aero- 
jet-General Corp., Azusa, Calif. 


E. J. Brandt: Appointed general man- 
ager of Hopkins Engineering Co., Los | 
Angeles, manufacturers of capacitors and | 
RFI filters, and subsidiary of Maxson Elec- 
tronics Corp. 
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—Wwhen and where 


NOVEMBER 


Third International Symposium on Bio- 
astronantics and the Exploration of 
Space, sponsored by the Aerospace 
Medical Div., Air Force Systems Com- 
mand, Brooks AFB, Tex., Nov. 16-18. 

Annual Meeting of the Association of the 
U. S. Army, Sheraton Park Hotel, 
Washington, D. C., Nov. 16-18. 

Symposium on Microelectronics and Large 
Systems, sponsored hy the Office of 
Naval Research and the Univac Divi- 
sion of Sperry Rand Corp., Dept. of 
Interior Auditorium, Washington, D.C., 
Nov. 17-18. 

Tenth Anniversary Tri-Service Conference 
on Electromagnetic Compatihility, spon- 
sored hy IIT Research Institute, Mu- 
seum of Science and Industry, Chicago, 
Nov 17-18. 

Value Engineering Symposium for Ad- 
vancement in the State-of-the-Art, 
sponsored hy the Army Missile Com- 
mand, Rocket Auditorium Redstone Ar- 
senal, Ala., Nov. 18-19. 

Northeastern States Navy Research and 
Development Clinic, sponsored hy the 
Franklin Institute, Phileo Corp., Temple 
University, the University of Pennsyl- 
vania, the Office of Naval Material, 
and the National Security Industrial 
Asosciation, and others, Philadelphia, 
Nov. 18-20. 

Sixteenth Annual MAECON Technical 
Meeting, Continental Hotel, Kansas 
City, Mo., Nov. 23-24. 

Winter Annual Meeting of the American 
Society of Mechanical Engineers, Stat- 
ler Hilton Hotel, New York City, Nov. 
29-Dec. 4. 

Joint Meeting of the American Nuclear 
Society and Atom Fair, Hilton and St. 
Francis Hotels, San Francisco, Nov. 30- 
Dec. 3. 


DECEMBER 


57th Annual Meeting of the American In- 
stitute of Chemical Engineers, Statler 
Hilton Hotel, Boston, Dec. 6-10. 

Third Conference on Performance of High 
Temperature Systems, Huntington-Sher- 
aton Hotel, Pasadena, Calif., Dec. 7-9. 

| Third Annual Western Contamination Con- 
trol Congress, sponsored hy the Western 
Regional Chapter of the American As- 
sociation for Contamination Control, 
Lafayette Hotel, Long Beach, Calif. 
Dec. 9-11. 

131st Annual Meeting, American Associa- 
tion for the Advancement of Science, 
Boston, Mass., Dec. 26-31. 


JANUARY 


_ Eleventh National Symposium on Reliabi- 
lity and Quality Control, sponsored by 
the American Society for Quality Con- 
trol, and Institute of Electrical and 
Electronics Engineers, Fontainebleau 
Hotel, Miami Beach, Jan. 12-14. 

International Symposium on Solar Radi- 
ation, sponsored by the American So- 
ciety for Testing and Materials, Inter- 
national Hotel, Los Angeles, Jan. 18- 
2 


Winter Meeting of the National Society of 
Professional Engineers, Jung Hotel, 
New Orleans, Jan. 20-23. 

National Symposium on Hydrocarhon An- 
alysis sponsored hy the American So- 
ciety for Testing and Materials, Shera- 
ton-Lincoln Hotel, Houston, Jan. 22- 
23. 

Symposium on Fundamental Phenomena in 
the Material Sciences sponsored hy the 
Nikon Corp., Sheraton Plaza Hotel, 
Boston, Jan. 25-26. 

Joint Annual Meeting of the American 
Mathematical Society and the Mathe- 
matical Association of America, Univ. 
of Colorado, Denver, Jan. 25-30. 


FEBRUARY 


Reinforced Plastics Division Conference, 
sponsored hy the Society of the Plastics 
Industry, Edgewater Beach Hotel, Chi- 
cago, Feb. 2-4. 

Winter Convention on Military Electronics, 
sponsored hy the Institute of Electrical 
and Electronics Engineers, Ambassador 
Hotel, Los Angeles, Feb. 3-5. 

Unmanned Exploration of the Solar Sys- 
tem, sponsored hy the American Astro- 
nomical Society, American Geophysi- 
cal Union, American Institute of Bio- 
logical Sciences, Institute of Electrical 
and Electronics Engineers, the Ameri- 
can Institute of Aeronautics and Astro- 
nautics, and the American Astronauti- 
cal Society, Denver Hilton Hotel, Den- 
ver, Feb. 8-10. : 

Spring Meeting of the American Society 
for Testing and Materials Statler-Hil- 
ton Hotel, Cleveland, Feb. 8-12. 

1965 Electrical and Electronic Trade Show, 
sponsored hy the Electrical Representa- 
tives Club and the Electronic Repre- 
sentatives Assn., Denver Auditorium 
Arena, Denver, Feb. 15-17. 


MARCH 


Symposium on High-Speed Testing, spon- 
sored hy Massachusetts Institute of 
Technology and Brooklyn Polytechnic 
Institute, Sheraton Plaza Hotel, Boston, 
March 8-9. 

Aviation and Space Conference, sponsored 
hy the American Society of Mechanical 
Engineers, Statler Hotel, Los Angeles, 
March 14-18. 

International Convention of the Institute of 
Electrical and Electronics Engineers, 
New York Hilton Hotel and New York 
Coliseum, New York City, March 22- 
25. 

Symposium on Thermophysical Properties, 
sponsored by the American Society of 
Mechanical Engineers, Purdue Univer- 
sity, Lafayette, Ind., March 22-26. 

Spring National Convention of the Society 
for Nondestructive Testing, Los An- 
geles, March 22-26. 

Optical Society of America Meeting, Stat- 
ler Hotel, Dallas, March 31-April 2. 


APRIL 


International Symposium on Fission Prod- 
net Release and Transport Under Acci- 
dent conditions, sponsored by the Oak 
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Ridge National Lahoratory, Oak Ridge, 
Tenn., April 5-7. 

1965 Annual Region III Meeting of the In- 
stitute of Electrical and Electronics En- 
gineers, Robert E. Lee Hotel, Winston- 
Salem, N. C., April 6-8. 

1965 Annual Region VI Confernce of the 
IEEE, Las Vegas, Nev., April 13-15. 
Symposium on System Theory, sponsored 
by Polytechnic Institute of Brooklyn, 
IEEE, Society for Industrial and Ap- 
plied Mathematics, AFOSR, ONR and 
the Army Research Office, New York 

City, April 20-22. 

Southwestern Conference and Electronic 
Show, sponsored hy the IEEE, Dallas 
Memorial Auditorium, Dallas, April 
21-23. 

Sixth Symposium on Engineering Aspects 
of Magnetohydrodynamics, sponsored 
hy the University of Pittsburgh and the 
Carnegie Institute of Technology, Uni- 
versity of Pittsburgh, Pittsburgh, April 
21-23. 

1965 London Intcrnational Engineering Ex- 
hibition, sponsored by the London 
Chamber of Commerce, the British 
Mechanical Engineering Federation, 
and the British Electrical and Allied 
Manufacturers’ Assp., Olympia and 
Earls Court, London, April 21-30. 

Western States Spring Meeting of the Com- 
hustion Institute, Los Angeles, April 
26-27. 

Institute of Environmental Sciences Meet- 
ing, Sherman, House, Chicago, April 
26-28. 
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The Price of the Future 


ILITARY RESEARCH and development in the 

U.S. is being slowly strangled by the concept 

which demands the fulfillment of requirements and 
missions as grounds for substantial expenditure. 

An economy-minded Pentagon administration, 
taking the short-range and short-sighted view, fails to 
see merit in expensive projects for which immediate 
military requirements cannot be defined. 

It is true, as Pentagon administrators have assured 
us, that there is funding available for any number of 
“blue sky” research projects probing the outer bound- 
aries of science and technology. What is not so often 
pointed out is that these are most frequently projects 
which can be handled under a $50,000 or $100,000 
study contract. 

Let one of these projects lead into an expensive 
hardware program—not as a candidate for advanced 
development, but still seeking the “blue sky”—and 
immediately the question of requirements is raised. 

The yardstick then becomes one not of potential 
but of finance. The requirements screen is one behind 
which the economy axe can conveniently be wielded. 

We certainly do not suggest that there should be 
no responsible fiscal control of research and develop- 
ment. But money should not in every case be the 
ruling factor. 

The airplane, the electric light, the gasoline 
engine, the telephone—all were brought into being 
with funds that were scant by today’s standards. If a 
multi-million dollar test program had been needed to 
prove out any one of these, it would have remained 
an idea unborn. Yet in today’s complex technology, 
it may cost hundreds of millions of dollars to come 
up with a development as far-reaching as any one of 
these. 

For current accomplishment, we must be prepared 
to pay current prices. We must be willing to invest 
millions in the complex developments that require 
millions. 

Not every project will require this. A major stride 
forward may come from a $50,000 study contract. 
A $100-million test program may lead nowhere. 

Losses must be regarded as acceptable for it would 
take a Solomon to know one from the other. There is 
no guarantee of being on the right track in this busi- 
ness, as perhaps best characterized by the hilarious 
sketch of Thomas Alva Edison shouting “hello” at 
his new light bulb. 

The Pentagon leadership must be prepared to 
recognize and acknowledge the need for these finan- 
cial losses, not as waste, but as the price of progress, 
and to explain the necessity frankly to Congress and 
the public. 


Instead, Dept. of Defense officials, bound in a 
mental straitjacket of cost accounting, continue to de- 
mand that each project which calls for major ex- 
penditure be confronted with the question of mis- 
sions and requirements. In the face of such a question, 
there would have been no airplane, no electric light, 
no gasoline engine, no telephone. 

We repeat that we are in favor of sound financial 
management. But it must allow leeway for the un- 
known. Questions about missions and requirements 
should be forbidden in the research and early de- 
velopment stage and allowed when appropriate— 
prior to production decisions. 

The question for R&D projects, particularly ex- 
pensive ones, is whether they offer promise of a 
broad range of potential uses or exploration of an 
unknown area of promising technology. If the answer 
is yes, then the project should proceed even if it 
means a costly flight-test program. 

“Show me what it will do” will only strangle the 
R&D effort in a noose labeled state of the art. 


TOMIC ENERGY COMMISSIONER James T. 
Ramey, disturbed by cutbacks in the SNAP, 
Rover and Pluto programs, makes this point well in 
an article in the current Bulletin of the Atomic 
Scientist: 

“The most important step we can take in that 
direction is to establish the principle that developers 
should carry promising developments through the 
demonstration stage, including flight testing where 
aerospace activities are involved. This approach pro- 
vides a potential user with a clear-cut basis on which 
to make an intelligent decision with respect to specific 
missions. Meaningful cost analyses are made possible 
through the practical demonstration of technology, 
and the elimination of stop-and-go project manage- 
ment can cut waste in expensive technology. I am 
glad to say that the AEC and NASA subscribe to 
this general principle.” - 

Significantly, he omits the Dept. of Defense. 

“In seeking greater freedom to move ahead with 
important projects which have much to offer the 
future of this country,” says the AEC commissioner, 
“we must also demonstrate our willingness to be very 
selective in choosing them, and to be very forthright 
in cutting back or canceling those that get on the sick 
list. Budget requests cannot afford to be burdened 
with monies for projects which become stalled and 
cannot achieve their objectives.” 

This is a liberal, fiscally responsible research and 
development philosophy which the Dept. of Defense 
would do well to consider. 


William J. Coughlin 
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Exploration of the universe by spacecraft capable 
of safely transporting men takes vast down-to- 
earth preparation. To accomplish this, Douglas 
has built what may well be the most advanced 
company-owned space complex in the world, the 
Douglas Space Systems Center. Here, in 11 build- 
ings containing the most modern equipment— 
including a space simulation chamber 39 feet in 


diameter capable of housing a complete manned 


MAN-RATED SPACECRAFT spacecraft—work is 


...AND WHAT DOUGLAS IS DOING ABOUT THEM 


DOUGLAS 


going forward on 
huge space pro- 
grams. In advanced development is the Saturn 
S-IVB, the 58 foot long Douglas stage which will 
power the three -lfol/o astronauts from earth orbit 


to moon orbit. 


See sees —s 
cl 


To further these and other programs, 
Douglas is seeking graduate engineers 
experienced in reliability, electronics, 
propulsion or structures. Please send 
your resume to Mr. F. E. Snodgrass, 
Douglas Missile and Space Systems 
va Division, 2700 Occan Park Blvd., 
Santa Monica, California. 
An equal opportunity employer. 


MISSILE & SPACE SYSTEMS OIVISION 


Parker 
METAL V-SEAL 


A RELIABLE WEIGHT REDUCING SEAL FOR EXTREME ENVIRONMENTS 
Ls 
Today’s engineer must cope with such environments as 
temperatures ranging from —423°F. to plus 2000°F., from hard 
vacuum to high pressures, and exposure to extremely volatile and 
corrosive media or radiation. Parker’s Metal V-Seal represents a 
significant achievement in the search for an effective, economical 
and weight reducing static face seal to meet these extreme 
demands... Designed, engineered and made to Parker’s high 
standards of quality and dependability. 


8 BASIC ADVANTAGES: 


= ‘‘Zero”’ leakage even with the lightest gases 
" High resistance to corrosive and volatile chemicals 
= Low flange loads to minimize system weights 
®" High resiliency to compensate for flange deflections 
= No special flange machining required (can be made to fit almost any 
existing groove and some styles do not even need a groove!) 
=" Reusable several times under most conditions 
= Wide variety of seal metals, platings, and coatings to meet 
specific requirements 
= Full range of standard sizes from %4” to 15” O.D. 
(Larger on special order) 
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NATIONAL RANGE DIVISION 


The critical combination: management skills 
with superior engineering talents 


One of the most crucial of Air Force space programs is the 
testing of missile and vehicle launch and flight procedures. 
To accomplish this, complex facilities have been developed in 
many parts of the world. Managing this widespread program 
calls for an unusual melding of technical capability and exec- 
utive proficiency. 

The organization charged with carrying out this vital respon- 
sibility is the National Range Division, operating under the 
Air Force Systems Command. This new and growing group, 
staffed with a dedicated civilian-military team, is seeking sys- 
tems oriented engineers for key positions. 


The National Range Division is responsible for planning, de- 
veloping, operating, maintaining, and controlling all Depart- 
ment of Defense range and flight test facilities in support of 
National missile and space programs. These facilities include 
the Eastern Test Range and the Western Test Range in addition 
to remote support sites around the world which provide key 
links in tracking, command, telemetry, and communications. 
The following disciplines are representative of those in which 
the National Range Division seeks qualified scientists and en- 
gineers. These rewarding positions are presently available in 
the Career Civil Service. 


SUPERVISORY ELECTRONIC ENGINEERS (OQPERATIONS)— 
Supervises the work of a sizeable personnel force engaged in global 
range control matters involving problems of an operational 

nature, schedule conflicts, performance standards and operational 
resource allocations. Supervises the review of range user 
requirements, resolves conflicts on all operational matters including 
frequency allocations, range safety, communications, and other 
support services. Represents the Commander in discussion and 
negotiations with foreign governments. Provides basic policy and 
guidance in Global Test Support Configuration and Control Matters. 


SUPERVISORY ELECTRONICS ENGINEERS (RANGE SYSTEMS 
MANAGEMENT) -— ‘Supervises a sizeable personnel force in 

the preparation, identification of equipment deficiencies, 
consolidation and submission of planning and budgetary documents, 
establishment of priorities, allocation of funds, proposal review, 
system acquisition and other tasks relating to global range systems 
improvement. Represents the Commander in reviews of all 
instrumentation planning documentation. Provides basic policy and 
guidance in instrumentation system planning and acquisition. 


ELECTRONIC ENGINEERS (COMMUNICATIONS)—Requires system 
experience in communications electronics, data handling and 
processing of aircraft and ships’ functional areas. Reviews range user 
requirements, identifies deficiencies and develops design 

criteria for new instrumentation systems which will correct 
deficiencies. Responsibilities apply to instrumentation areas of 
timing, range safety, data handling, data processing, optics, 
communications, and aircraft and ships. Reviews Research and 
Development proposals. Directs the efforts of the subordinate 

test ranges. Reviews system acquisition status. 


ELECTRONIC ENGINEERS (SYSTEMS PLANNING)—Requires 
systems planning experience in trajectory measurement, telemetry, 
optics, command and control or general instrumentation support. 
Prepares, reviews, coordinates and revises long range equipment 
and financial plans and programming documents. Interprets 
objectives and policies and provides guidance to subordinate test 
ranges in preparation of plans and studies. Determines the 

relative priority of various plans and optimizes allocation 

of monetary resources. 


ELECTRONIC ENGINEER (TEST SUPPORT)—Serves as primary 
liaison officer with missile and space program agencies to identify 
and discuss instrumentation requirements. Provides guidance 

and policy to these agencies in documentation of requirements. 
Reviews and recommends acceptance of range user 

requirements. Represents the Commander in conferences discussing 
range user and National Range Division support relations. 
Compares overall requirements with existing instrumentation 
equipment to determine support capabilities, reviews 
instrumentation plans to determine consistency with program needs. 
If interview inconvenient, send résumé and/or application for 
Federal Employment (SF-57) in complete professional confidence to: 
Air Force Eastern Test Range 

Att: ETBPC, Dept. MR-11-23 

Patrick Air Force Base, Florida 


An equal opportunity employer 
MIN 
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Thiokol’s 


To the Editor: 

Re M/R’s July 20 (p. 28) article under 
“Advanced” Materials, “Thiokol Motor To 
Test Paper as Low-Density, High-Strength 
Laminate.” 

I read this article with mixed emotions 
—pleasure on one hand that work was be- 
ing done in this direction and dismay on 
the other hand that U.S. tax dollars were 
being spent on “Re” search, rather than 
Research. Only the material application ap- 
proaches being “new.” 

In 1941-42 McDonnell Aircraft per- 
formed considerable research work on 
oriented fiber paper-base laminates. This 
was Air Force-sponsored and the USS. 
Forest Products Lab at Madison, Wis., 
made substantial contributions. Some sub- 
stantial number and variety of weapons 
parts found their way into World War II 
as a result of this joint effort. Your figures 
do not indicate a significant improvement 
over the 20-year-old materials which, in- 
cidentally, used Bakelite resins capable of 
polymerization at low pressures. 

If the Dept. of Defense and Industry 
truly wish to reduce costs in both R&D and 
production, a great many “old” materials, 
methods and processes should be reviewed 
before costly, time-consuming “new” pro- 
grams are embarked upon. Actually, a 
number of information agencies are now 
funded by the Government. Should they 
not be more extensively used? 


C. F. Marschner 
Marietta, Ga. 


Thiokol’s recent work, in which the ap- 
plication approaches most certainly are 
“new,” was done entirely with company 
funds and didn’t cost a single tax dollar. 
—Ed. 


Paper Rocket Parts 


Laser for Density Measure 


To the Editor: 


Ref: M/R, Oct. 26, p. 23. 

Your item concerning thc use of a laser 
in a density-measuring system was very in- 
teresting. Cornell Aeronautical Laboratory 
has been experimenting with such a system 
since 1962. Results to date are encouraging, 
and projected work includes the utilization 
of non-linear optical effects. 


J. F. Newton 

Research Physicist 

Hypersonic Tunnel Department 
Cornell Aeronautical Laboratory, Inc. 
Buffalo, N.Y. 


Military and Moon 


To the Editor: 


Quite a good military case for manncd 
Moon flight can be made. 

The Moon, being by far the nearest 
celestial body, is well-suited for develop- 
ing the engineering and_ technological 
skills for manned space flight in the Solar 
System. These skills may be used for 
military and non-military purposes. The 
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Moon is a very good launching site for 
missiles and spacecraft because of its 
¥Y Earth gravity. This means that the 
Moon has an escape velocity of 1.47 miles 
per second, compared with the Earth’s 
escape velocity of 7.0 miles per second. 


The Moon has little or no atmosphere to. 


hinder the flight of space vehicles as does 
our planet. 

Interception of missiles launched from 
the Moon might be quite difficult if the 
interception were limited to that which 
could be directed from Earth without 
lunar flight capability. Interception might 
not be too difficult if the missiles or space- 
craft were to proceed in a relatively 
straight line from the Moon to the Earth. 
However, the missiles could proceed from 
the Moon on a highly curved trajectory 
to any place on Earth. This means that 
if the missiles were to be detected a sphere 
with a radius of about a quarter of a 
million miles (with Earth at the center) 
would have to be searched by radar all 
the time! 

This is roughly 65 quadrillion cubic 
miles—quite a bit of space. With a Moon 
base or spacecraft near the Moon it would 
be much easier to detect and intercept 
missiles launched from anywhere on the 
Moon. Activity on the side of the Moon 
that never faces Earth could be watched. 

Without manned spaceflight, developed 
by lunar spaceflights like Apollo, we will 
have little freedom of space. 


David W. Johnston 
Washington, D.C. 


Future Lies Ahead 


To the Editor: 

Now that the election is behind us, 
and the most unedifying and uninforma- 
tive campaign debate on record, perhaps 
the U.S. will settle down to business in 
space. 

The great bipartisan wash of platitudes 
obscured the space program along with 
everything else. 

Frank Gregory 
Detroit 


ASTROLOG REPRINTS 


REPRINTS of the latest edi- 
tion of the MISSILES AND ROCK- 
ETS Astrolog, which appeared in 
the Nov. 9 issue, may be ob- 
tained from: 


Research Department 
Missiles and Rockets 
1001 Vermont Avenue, NW 
Washington, D.C. 20005 


Price is 35 cents per copy. 
Payment must accompany or- 
der. 


Maneuverable return-from-orbit vehicle 


DEPENDABILIT 


G-E delivery/cost/ 
performance capability 
applied to advanced 
re-entry problems 


Studies of maneuverable  retur 
from-orbit re-entry vehicles are th 
most recent of a nine-year series o 
tough re-entry problems to be e 
amined and solved by General Eled 
tric Re-entry Systems Dept. expert 
Designs of this type will lead t 
the eventua 
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Discoverer Orbital 
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development om 
operational re 
entry system 
that make prem 
cision landings™ 
This work is ¢ 
natural 


Recovery 


current Maneuvering Ballistic Re 
entry Vehicle Program for the U.S 
Air Force. 


entry Systems Dept. has pioneca 
in the development of ballistic anc 
orbiting space re-entry systems an¢ 
has established an enviable fligh 
delivery and cost record: over 21f 
successful ballistic and orbital re 
entries including over 70 vehicles re 
covered from orbital and_ballisti 
flight; never missed a ballistic re 
entry system R&D or operational 
schedule, even in the most ad 
vanced pro- ' 

grams; met or 
bettered space 
re-entry sys- 
tems schedules, 
with exceptions 
in the early 
pioneering 
areas; cost per- 
formance with- 
in an overall 
cost variance 3 : 
of 28 percent RVX re-entry vehicle 
from the total negotiated funds for 
all contracts from 1955 to present 


This proven dependability is no’ 
directed toward the development o 
successful maneuvering re-entry sys 
tems. i 


Re-entry Systems Dept., Missile and 


Space Division, General Electric Co, 
Phila. 1, Pa. 
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| G.E. applies 
proven techniques to 
manelverable 
return-from-erbit 
re-entry vehicles 
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Twenty-two liquid hydrogen RL-10 engines have 
been fired in space successfully. 


Pratt & Whitney Aircraft RL-10 
rocket engines have successfully pow- 
ered both Centaur space vehicles and 
Saturn SIV stages on flights from Cape 
Kennedy. All 22 of these rugged space 
engines fired so far performed pre- 


cisely as scheduled without a failure. 
The RL-10, the world's first successful 
liquid hydrogen rocket engine, was 
designed and developed for NASA’s 
Marshall Space Flight Center by Pratt 
& Whitney Aircraft’s Florida Research 


and Development Center. Other ad- 
vanced rocket fuels are under inten- 
sive investigation at the Center where 
capability extends beyond current 
Space propulsion requirements. 


Pratt & Whitney Aircraft DIVISION # em 


EAST HARTFORD, CONNECTICUT AND WEST PALM BEACH, FLORIDA 


The Countdown 


WASHINGTON 


AF To Seek Satellite Interceptor 


Industry will be asked to submit proposals before the 
end of the year for what is described by Air Force officials 
as a new satellite interceptor program. RFP’s are classified 
| to guard against revelation of state of the art. The system is 
expected, however, to go beyond the Nike-Zeus and Thor- 
| Delta systems now set up in the Pacific. 


| MAW To Use Bipod Launcher 


Because of its high acceleration and short flight time, at 
least one version of the MAW antitank weapon will use a 
bipod on the front of the launcher. This will steady the 
launch tube so that movements of the gunner will not throw 
‘the missile off target. 


Honest John Is in Demand 


Under the Army’s air assault division concept, the num- 
ber of Honest John launchers is increased to 12— three times 
the number in the ROAD division. Deciding factor is the 
firepower deliverable for weight and range. 


Gemini Officials Deny Slippage 


Project Gemini officials deny continuing reports that the 
unmanned GT-2 flight is slipping into early 1965. Target 
date, they say, still is the first week in December. Full sys- 
tems checking will begin at Cape Kennedy this week. 


Mahon Sees No Drop in Spending 


Rep. George Mahon (D-Tex.), new chairman of the 
House Appropriations Committee, says he expects Federal 
research and development spending to remain at the $15- 
billion level, despite a report to the contrary by the House 
Research Investigating Committee. He also foresees no drop 
in current Dept. of Defense spending level of $50 billion. 


NASA Shows Interest in Sun Probe 


NASA officials are interested in an MIT-proposed Sun- 
blazer project, which would employ a high-energy rocket to 
send a 15-30-lb. payload on missions toward the Sun. Pro- 
posal now is being studied by the agency’s solar physics 
subcommittee. 


Rumors of TFX Slash Are Unconfirmed ; 


Continuing industry rumors that the Navy buy of the 
controversial F-111 may be cancelled are not confirmed by 
project officials. Such a cancellation would, of course, be a 
political bomb for Secretary of Defense McNamara with the 
TFX investigation still incomplete. 


STINGS Program Moves Forward 


Acceptance testing has been completed of the first special 
test system for the stellar inertial guidance system, originally 
planned for the Mobile Medium-Range Ballistic Missile but 
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now just a feasibility flight program. The test system will be 
used to evaluate performance of the guidance system during 
boost and in space. Further environmental testing still is 
to be conducted. 


INDUSTRY 


Scramjet Test Is a Success 


First successful demonstration of internal thrust from a 
“scramjet” (supersonic combustion ramjet) has been 
achieved by General Applied Sciences Laboratories for the 
Air Force Aeropropulsion Lab at Wright-Patterson AFB. 
A simulated speed six times that of sound was achieved. 
Scramjet engines, which are expected to have application in 
hypersonic vehicles, differ from conventional engines in that 
the fuel is burned in a supersonic air stream to provide 
thrust. 


Lockheed Briefs Marshall on Solids 


A team from Lockheed Propulsion Co. paid a visit to 
Marshall Space Flight Center last week to brief scientists 
there on possible use of a 156-in. solid motor as a strap-on 
for the first stage of both Saturn 1B and Saturn V. Visit 
was at the invitation of center director Dr. Wernher von 
Braun. 


Air Force To Test Ladar 


Modification is under way on a telescope operated by 
Lincoln Labs at Wallops Station, Va., to test a “ladar’—a 
laser radar system. Accurate positioning of satellites using 
a “Q-switched” laser beam to illuminate the vehicle is ex- 
pected to result from the experiment. 


Boeing Wins Recovery Contract 


Manned Spacecraft Center has awarded a $200,000 con- 
tract to the Boeing Co. to study recovery systems for manned 
vehicles. Study is concerned only with spacecraft which de- 
velop lift as they re-enter. Both land and water recovery will 
be investigated. 


Martin Considers 156-inch for Titan III 


Martin Co. has investigated possible use of the 156-in. 
solid booster as a strap-on for the Titan III-C in place of the 
currently-planned 120-in. A study by Lockheed Propulsion 
Co. showed that only minimum structural modification would 
be needed. 


INTERNATIONAL 


ESRO Gets Telemetry Bids 


Bids have been returned to European Space Research 
Organization for supply of telemetry and other equipment 
(M/R, Oct. 19, p. 24). Intended to fill a need for the next 
15 months of sounding rocket work, the bids cover hardware 
for 70 payloads. Value of the overall hardware to be pro- 
cured in this competition is above $1 million. 
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The Missile/Space Week 
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U.S., Germany Conclude Talks 


Three modern guided missile de- 
stroyers, armed with the latest sur- 
face-to-air guided missiles, will be 
built by U.S. shipyards for the West 
German Navy, it was revealed in a 
detailed communique on the results 
of talks between Secretary of De- 
fense Robert S. McNamara and his 
German counterpart, Kai-Uwe von 
Hassel. 

Invitation for proposals to con- 
struct the destroyers will be issued 
about Dec. 1, with the contract 
awards by April 1, 1965. The first of 
the ships is scheduled for delivery 
in 1969. 

As a result of the talks, the U.S. 
will continue to receive about $700 
million annually in German procure- 
ment of American defense materiel 
and services. In addition to the de- 
stroyers, helicopters, missiles and 
ammunition buys are expected to 
maintain this level of spending. 

On the Multi-Lateral Force, it 
was agreed that the “defense estab- 
lishments” of both countries should 
be prepared “to implement the con- 
cept as soon as possible after the 
requisite international political de- 
cisions have been made.” 


Shots of the Week 


NASA concluded a_ six-vehicle 
series of sounding rocket shots from 
Wallops Station, Va., Nov. 12. The 
launches, all employing Nike-Apache 
rockets, took place in three pairs be- 
ginning Nov. 10. The first firing was 
at 5:25 p.m. (EST) Nov. 10 from the 
USNS Croatan anchored 75 mi. off 
Wallops Island. It was followed three 
minutes later by a second rocket 
launched from the island. Each 
reached an altitude of approximately 
125 mi. On Nov. 11, rockets were 
fired, one from the ship at 5:24 p.m. 
and the other from the shore at 5:27 
p.m. They reached some 200 mi. in 
altitude. The last pair was fired on 
the morning of the 12th, at 5:53 and 
5:56, and reached 141 mi. altitude. 
All carried sodium vapor, which was 
released in clouds at altitude, for 
study in connection with the upcom- 
ing International Year of the Quiet 
Sun. 

@® NASA on Nov. 16 launched its 
first Project Luster payload from 
White Sands Missile Range, N.M., 
aboard an Aerobee 150 vehicle. Pay- 
load recovery was being held up the 
middle of last week by bad weather 
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Russian Missile Launched from Boat 
MISSILE IS LAUNCHED from a Soviet rocket boat, apparently a PT-type vessel, 


during what the Soviet news agency Tass described as Red “army exercises.” 


Tass gave 


no further details in releasing the photo. The boat appears to be the same as the Komar- 
class PT boats seen during the Cuban missile crisis of October, 1962. These missiles 
were described at that time as having a range of approximately 15 miles, and are believed 
to be designed primarily as anti-shipping weapons. 


in the mountainous area where it 
landed. On board was an ionospheric 
instrument under development by 
Electro-Optical Systems, Inc., for the 
Defense Atomic Support Agency (p. 
24). 

@ The Air Force used a Thor- 
Agena booster to launch a secret sat- 
ellite from Vandenburg AFB, Calif., 
Nov. 18. 

@ The Navy launched a Polaris 
A-8 missile from the USS Pulaski 
Nov. 13 while it was submerged off 
the coast of Florida. 


Minuteman Capability Hiked 


An improvement program for the 
Minuteman weapon systems is un- 
derway at Boeing Co.’s Aerospace 
Div., now working on the R&D stage 
of Minuteman I, 

E. H. Boullioun, Boeing vice 
president and branch manager, said 
he feels that the Minuteman system 
lends itself to further improvement 
that will result in significant ad- 
vances in capability. 

Although development of Minute- 
man II, with a more powerful second- 
stage engine and an improved guid- 
ance system, is on schedule, Boul- 
lioun said he believes a still better 
version could be developed within the 
next few years. It would probably 
be larger, carry a heavier payload 
and feature an even more advanced 
guidance system. Such a weapon, he 


is convinced, could be deployed in 
existing Minuteman silos with only 


minor changes in launching facili- | 


ties. 


Vela Results Revealed 


Seismic propogation in the old | 


sedimentary region of the Eastern 
U.S. is markedly better than that 


across the mountains of the West, | 


Defense officials revealed in a pre- 
liminary analysis of the results of 


the underground nuclear test con- | 
ducted near Hattiesburg, Miss., Oct. 


22. 


The 5-kiloton explosion—dubbed | 
“Salmon” by Defense officials—was | 
primarily to study the manner in | 


which a tamped nuclear explosion 


generates shock waves in salt and to |i 


examine the way in which these 
waves propagate out of the salt dome | 
and then travel in the crust and 
mantle of the earth. 1 


Mariner IV Set for Nov. 27 


The space agency has scheduled 
another attempt to launch the 


Mariner spacecraft on a Mars fly-by } 


mission on Nov. 27. 

The launch date was set follow- 
ing detailed analysis of the Mariner 
III flight, which failed on Nov. 5. 
Officials said study of the launch in- 
dicated the shroud covering the 


spacecraft did not completely jetti- | 
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son as scheduled 5% minutes after 
launch. As a result, the spacecraft 
could not deploy its solar panels and 
its batteries were drained nine hours 
after launch. 

The investigation disclosed that 
the shroud, made of a lightweight 
glass fiber laminated honeycomb 
structure, probably had a structural 
failure when exposed to the flight en- 
vironment. This prevented its sep- 
aration from the spacecraft. 

To solve the problem, NASA is 
turning to a magnesium shroud 
which is being built on a rush basis 
by the Lockheed Missiles and Space 
Co. One has already been completed 
and a second is being fabricated. 


NASA Postpones Double Launch 


NASA has postponed the launch 
of its first double payload—the Air 
Density and Injun satellites—until 
sometime this week at the earliest. 

Flight was scheduled for Nov. 19 
from Vandenberg AFB, Calif., on 
a Scout vehicle. It was scrubbed when 
a separation system, designed to part 
the satellites after orbit was 
achieved, was activated prematurely 
during the pre-launch checkout. 

This immediately forced a five- 
day delay because tracking ships 
were permitted to leave their stations 
while NASA scientists attempted to 
find the source of the problem. The 
ships will not be back on station un- 
til Nov. 238. A definite launch date 
still has not been set. 


Aerojet Stop-Starts Solid Motor 


A small solid motor has success- 
fully started and stopped more than 
six times in a company-sponsored 
program, Dr. Werner R. Kirchner, 
vice president of Aerojet-General and 
director of the company’s Solid 
Rocket Operations told a Washington 
press conference. 

A movable plug in the throat area 
of the nozzle was used to control the 
operation of the motor. Hydrau- 
lically-actuated, the plug is moved 
two inches in and out to vary the 
throat area. The resultant pressure 
drop when the plug is fully extended 
extinguishes the burning propellant. 

In the test, Aerojet used a 4-in. 
motor with 6 lbs. of propellant. The 
motor was ignited, extinguished by 
the extension of the plug after 3-4 

econds of burning and then re- 
ignited after about 10 minutes. This 
cycling was repeated to give the 
tarts and stops. The firing, which 
took place on Oct. 30, will be fol- 
owed by five more motor tests over 
he next four months. At least one 
est will involve an 8 to 9-in. motor 


with a 100-lb. charge producing 2,- 
500 Ibs. of thrust. 


GAO Probes Entertainment 


The General Accounting Office 
has forced a number of firms in the 
industry to disclose names of gov- 
ernment officials entertained at com- 
pany expense, it was reported last 
week. 

After obtaining the names, GAO 
investigators then questioned NASA 
and military officials involved on 
their relationships with the com- 


panies. Some of the visits, made 
within 48 hours of release of the 
names, were described as “FBI- 
like.” 


The aerospace firms were asked 
to reveal the names under threat of 
subpoena if they refused. The de- 
cision confronting management was 
whether to risk offending the gov- 
ernment officials involved or to risk 
a court fight in which the company 
faced the innuendo that it had some- 
thing to hide. 

The GAO investigation was said 
to be on behalf of the investigating 
subcommittee of the House Armed 
Services Committee headed by Rep. 
Porter Hardy (D-Va.). (See edito- 
rial, p. 46). 


SA-7 Film Found 


Two camera capsules from the 
Saturn I (SA-7) have been recovered 
in the South Atlantic after seven 
weeks adrift in the ocean. 

The 200 ft. of color film from the 
capsules, providing data on the rock- 
et’s operations in flight, was in good 
condition, NASA said. 

The capsules were found last 
week in the vicinity of San Salvador 
and Eleuthera Islands, about 140 
miles apart. The recovery points 
were both more than 200 miles from 
the impact point. SA-7 was launched 
from Cape Kennedy on Sept. 18 and 
impacted 530 mi. downrange. 


Titan IlI-C Solid Fired 


The Titan IJII-C 120-in. solid 
strap-on engine was fired, apparently 
with complete success, at United 
Technology Center’s Coyote, Calif., 
development center. 

The static firing was the seventh 
of the 120-in. solid conducted to date 
by UTC. 

The engine burned for 110 secs., 
and preliminary data revealed “no 
anomoly at all.” Brig. Gen. Joseph 
Bleymaier, Deputy Commander, Air 
Force Space Systems Div. for 
manned space systems, denied that 
the 120-in. program was lagging be- 
cause of previous test failures. 
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THERE IS A NEW 
DIMENSION IN THE 
MEMORY MARKET 


It is “MicroBIAX, a minia- 
turized version of the standard 
BIAX memory element—the tiny 
ferrite multiaperture core which 
stores data in Philco Corpora- 
tion’s remarkable family of BIAX 
memories and arrays. 

BIAX elements, and now the 
new MicroBIAX elements, make 
up the world’s fastest special- 
purpose memories offered as 
standard-line products for both 
ground and spaceborne data 
systems. 

MicroBIAX features all of 
BIAX’s operationally-proved per- 
formance in a package only one- 
fifth the size. You still get multi- 
megacycle, true non-destructive 
readout and now at even lower 
operating power levels. And you 
can operate from —55°C to 100°C. 

Perhaps the most important 
feature of MicroBIAN is the new 
two-wire array which achieves 
the utmost in simplicity and the 
maximum in reliability for sys- 


- tems designers. This totally new 


array concept yields packing den- 
sities of 2,000 bits per cubic inch 
in production hardware now in 
process. 

MicroBIAN is available today 
for the airborne and spaceborne 
market. High speed read/write 
versions for ground-type EDP 
systems will be introduced early 
in 1965. 


For more information write to: 


Manager of Marketing 
BIAX Memory Systems 


PHILCO® 
A SUBSIDIARY OF SsrdMotorCompany, 


FORD ROAD/NEWPORT BEACH, CALIFORNIA 


FAA is upgrading area weather reporting 


with a new Westinghouse picture transmitting system 


Continuing its emphasis on greater air 
safety, the Federal Aviation Agency is con- 
ducting intensive R&D work to improve 
weather reporting. In an important step 
forward, Westinghouse is designing and 
building for FAA evaluation two prototype 
systems which will transmit ultra-clear 
weather pictures from remote radar sites 
to the air traffic control centers. 

The new Westinghouse system com- 
presses radar-detected weather signals 
from remote stations and transmits them 
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to the control center over a conventional 
telephone line. In this manner a composite 
weather map of the region is instantly 
available to air traffic controllers. 

Heart of the Westinghouse system is a 
vidicon type storage camera which is spe- 
cially designed for slow scan or delayed 
readout applications. For the FAA system, 
readout will be on a two-minute frame 
basis, providing a brilliant, high-resolution 
image of slowly changing weather patterns 
on the air traffic controllers’ displays. 


The prototype systems, to be in opera- | 
tion at FAA sites on the East Coast by late | 
1964, represent a growing family of | 
Westinghouse equipment for civilian air- | 
craft and airport traffic control. These | 
special-purpose systems are typical of 
Westinghouse capabilities in the design | 
and manufacture of advanced electronic | 
systems for defense and space. For infor- 
mation, write to Westinghouse Electric 
Corporation, P.O. Box 868, Pittsburgh, 
Pennsylvania 15230. 


J-02368 | 
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Some details released... 


Sprint Shape Shown 
At AUSA Meeting 


Nike-X construction at Kwajalein disclosed; 
need for better surveillance systems noted 


by James Trainor 


EXTERNAL CONFIGURATION 
of the Sprint anti-missile missile was re- 
vealed to the public at the annual Asso- 
ciation of the U.S. Army meeting in 
Washington. 

The two-stage solid-propellant mis- 
sile highlighted the Noy. 16-18 meeting 
which, in spite of the standards-of-con- 
duct directive, set a new attendance rec- 
ord and saw an exceptionally fine turn- 
out of industrial Army exhibitors. 

Some 3,600 persons registered. The 
previous AUSA mark had been 3,100 
Tegistrants for last year’s meeting. Over 
150 industrial firms and 50 Army agen- 
cies participated. 

Most noticeable effect of the ban on 
“hospitality suites’ was an AUSA-spon- 
sored hospitality lounge to which con- 
tractors could invite guests. However, 
this did not appear to be too successful 
and attendance was sparse. 
| @ Sprint details listed—For the first 
time, the Army disclosed information on 
its high-acceleration Sprint. The missile 
is cone-shaped and is 4.5 ft. at the base. 
Its overall length is 27 ft. Guidance, as 
in all of the Nike family of air-to-surface 
missiles, is provided through ground 
commands to the missile. There are no 
fins on the aft end of the Sprint, indicat- 
ing that no attempt is made to guide the 
‘missile during first-stage burn. The mis- 
sile is popped out of its silo (see pic- 
tures, p. 18), the motor ignited and, at 
the same time, the missile is pitched 
over onto a trajectory toward its target. 

Once the first stage has burned out 
and separated, terminal maneuvers can 
be made for final interception of the 
ICBM warhead. These maneuvers are 
probably quite limited and restricted to 
perhaps a final correction for intercept. 
No speed characteristics were released, 
except to say that the vehicle was hyper- 
sonic. 

The Army did say that components 
of the Sprint—including both its motors 


—have been successfully tested. In addi- 
tion, models of the missile have been 
emplaced in rocket exhausts to simulate 
the shock and high temperatures that 
Sprint will have to withstand in flight. 
Also revealed was a construction 
program under way for Nike-X at Kwa- 
jalein Test Site in the Pacific. As re- 
ported in MISsILES AND ROCKETS last 
May, 55 acres are being added to the 
island for the construction of the multi- 
function array radar (MAR). Meck Is- 
land is also being pressed into service for 
niissile launching cells and the Nike-X 
missile site radar. Total evaluation of 
construction and equipment on the test 
site is approaching $500 million, includ- 
ing ARPA’s Project PRESS program. 
@ Development efforts—One of the 
greatest requirements for future Army 
systems is in the area of surveillance 
and acquisition equipment that will pro- 
vide real-time intelligence and cover the 
entire area of influence, Maj. Gen. 
Frank T. Mildren, director of Doctrine 
and Systems Directorate in the Office of 
Assistant Chief of Staff for Force De- 
velopment, told the convention. 
Echoing that theme was Col. Allan 
G. Pixton, director of development in 
the Office of the Chief of Research and 
Development. Pixton told the attendees 
“Army R&D is developing greatly im- 
proved devices and techniques to en- 
hance battlefield surveillance and target 
acquisition—utilizing such means as 
electronic photographic and various por- 
tions of the light spectrum. . . .” 
“Ultimately, we hope to have a uni- 
versal data link between the airborne 
unit and a ground target interpretation 
station, thereby precluding the need for 
the aircraft to return to base before its 
data is available. Such a system would 
provide rapid translation of the data 
into usable target information,” Pixton 
said. 
Other projects under consideration in- 
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COMPARISON of Nike-Zeus anti-missile 
missile and Sprint is illustrated above by 
two models. Three-stage Zeus is 48 ft. 
long, high-acceleration Sprint is 27 ft. 
Photo below shows full-scale model of 
Sprint shown for first time to AUSA. 


clude MARS—Multiple Artillery Rocket 
System—which would be designed to 
deliver heavy accurate fire support by 
rockets using conventional warheads. 
Other sources told M/R that MARS is 
being looked at as a method of defeat- 
ing vast armor attacks, the theory being 
that prior to an engagement, armor must 
mass as some location and this is the 
time it is most vulnerable. So far, MARS 


ES 


In past year... 


British Report Shows Big Increase 
In U.S. Strategic Missile Strength 


U.S. STRATEGIC MISSILE strike 
forces increased dramatically over that 
of the Soviets during the past 12 months, 
the annual military review by the Insti- 
tute of Strategic Studies indicates. 

By mid-1965, the United States will 
have 925 operational ICBM’s, plus 480 
Polaris missiles, while the Soviets will 
have a total of 320 strategic missiles. 

The Institute for Strategic Studies is 
a non-official private group in London 
that collects and analyzes data on the 
military strengths of all nations in the 
world. It is headed by former prime 
minister Clement Attlee and its prog- 
nostications are considered a relatively 
valid index of national military strengths. 

The report gives support to Secre- 
tary of Defense Robert S. McNamara’s 
contention that U.S. missile strength has 
increased both quantitatively and quali- 
tatively over that of the Soviets. How- 
ever, the report also notes that “this 
may be the last year in which the West- 
erm superiority in long-range striking 
power is so marked as the American 
ICBM program becomes substantially 
completed next year, and if the Soviet 
missile build-up is continued under 
Premier Kosygin and First Secretary 
Brezhnev.” 

© Comparative figures—A year ago 
the United States was estimated to have 
had 667 ICBM’s as against 200 for the 
Soviets. This latter figure appears to 
have included submarine-launched mis- 
siles. The Institute estimates that Russia 
now has 200 ICBM’s plus 120 missiles 
based in 40 submarines. Over 12 months 
then, the U.S. advantage has increased 
from a 3 to 1 superiority to 5 to 1. 

This, however, does not tell the 
whole story. Qualitatively, the disparity 
is even greater. All of the Soviet ICBM’s 
are liquid-fueled and are located in vul- 
nerable sites. The report does not say 
anything about the second strike, hard- 
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is nothing more than a study program. 

In addition to some multi-barrel gun 
systems to complement Hawk for for- 
ward air defense, the Army is also inves- 
tigating means of making the present 
Hawk more mobile and of adapting the 
air-to-air Sidewinder missile to a highly 
mobile, forward-area surface-to-air sys- 


tem 
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ened and dispersed ICBM’s which the 
Soviets are now building. Nor does it 
take cognizance of the command and 
control problems that the Soviets have 
in trying to launch a coordinated mass 
attack against the U.S. 

The one advantage that the report 
does list for the Soviet ICBM force is 
that because of the larger missiles, the 
warheads that can be carried are in the 
30-megaton class. The largest U.S. war- 
head, on the Titan I, is estimated at 15 
megatons. Minuteman, both J and IJ 
versions, carry approximately a 1-mega- 
ton warhead. This, however, does not 
take into account the increased effective- 
ness of the warhead with increased guid- 
ance accuracy. For example, halving 
circular error probability between Min- 
uteman I and Minuteman II increases 
the effectiveness of the warhead by a 
factor of eight. 

Another advantage of the U.S. force 
is that a majority of U.S. missiles are 
solid-fueled and, with improved com- 
mand and control, can be launched 
singly or in a mass attack. 

“There is no sign of any significant 
reduction in the number of the 750 
Soviet IRBM’s targeted on Western 
Europe and Japan, or in its force of 
1,400 medium bombers.” 

Turning to the submarine fleet of the 
Soviet Union, the Institute points out 
that the Soviets still maintain a numeri- 
cal superiority of about 400 submarines. 
It estimates that in addition the Soviets 
have 30 nuclear submarines. This figure 
includes both attack and ballistic missile 
subs. For the first time, the Institute 
estimates that some of the ballistic mis- 
siles can be fired from a submerged sub- 
marine. 

Again, however, the qualitative ad- 
vantage of the U.S. Polaris force is ap- 
parent. Soviet sub-launched missiles 
have a range of less than 400 mi., 


Further details on the Lance surface-' 


to-surface missile were also disclosed. } 
The missile at launch weighs approxi-— 
mately 3,200 lbs., is about 20 ft. long — 
and 22 in. in diameter. Mobility is 
achieved by a self-propelled launcher 
or a fully mobile, lightweight launcher 
as well as a transporter/loader. The | 
missile can be air-lifted by helicopter 
or fixed-wing aircraft, or air-dropped by 
parachute. a 


whereas the Polaris A-3 has a range of 
2,850 statute miles. This also supports 
Secretary McNamara’s contention that 
the Soviets are far weaker than the U.S. | 
in this category. His estimate of Soviet 
sub-launched missile ranges was less” 
than one-third that of Polaris. 
@ Production rates—The report esti- | 
mates that the Soviets are building and — 
deploying ICBM’s at a rate of 100 per 
year. This is less than one-third the rate 
at which the U.S. is emplacing Minute- 
man. ; 
Production rate of Soviet nuclear | 
submarines is estimated at 10 per year. | 
Of this, six submarines are _ ballistic- 
missile firing boats and four are attack 
submarines. The report notes “there are | 
indications that the Soviet naval air | 
force and missile-firing submarines are | 
coming to play a more central role in 
her strategy.” 
The reason that the Institute feels 
that U.S. numerical superiority may 
diminish is that by 1967, the U.S. 
ICBM and Polaris forces will be essen- 
tially complete while, if the Soviets con- | 
tinue their rate of production beyond 
that, the numerical disparity will di- 
minish. f 
@ China: paper tiger—In spite of 
the surprise over the advanced design of 
the triggering mechanism for its first) 
nuclear device and the use of uranium } 
235 rather than plutonium, the Institute) 
feels that the Chinese Communists will 
not be able to develop a strategic strike} 
force in the foreseeable future. Rather, } 
the Institute feels that the Chinese are 
concentrating on tactical nuclear weap 
ons—particularly battlefield missiles. 
The Chinese could produce a 
thermonuclear device of “boxcar di) 
mensions” in two or three years. Such} 
a device would be comparable to the | 
first U.S. thermonuclear explosion in the | : 
Pacific in 1954. ’ 
i 
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For six-month operation... 


Power Is Problem in Voyager Lander 


Avco expert tells AIAA meeting other troubles are sterilization 
data; details of dual-purpose spacecraft operation 


and lack of Martian 


DEFINITE ADVANCES in the 
state of the art will be required in the 
Voyager planetary lander if it is to op- 
erate for six months with the use of a 
radioisotope power supply. 

This was emphasized by Dr. Paul C. 
Dow, Jr., of the Avco Research and 
Advanced Development Div., in an ad- 
dress to the New York section of the 
American Institute of Aeronautics and 
Astronautics. 

Two other problems—spacecraft 
sterilization and the lack of information 
regarding the atmosphere and surface 
lopography of Mars—are also compli- 
cating design of the 7,000-lb. Voyager 
spacecraft. However, these are not felt 
to be as severe as the power supply 
problem. 

Avco, General Electric and Lock- 
need have been the major industrial 
sontractors studying the Advanced Mar- 
ner/ Voyager planetary programs. 

Describing the two missions, Dow 
said that in both cases, “the approach 
which we have followed will make use 
of a dual-purpose spacecraft. The space- 
sraft will act as a bus to carry a lander 
Vhich will be separated from the bus 
aS it approaches the planet.” The bus, 


OYAGER SPACECRAFT in-transit to Mars would have fixed 
trientation so that solar cells, covering about 200 sq. ft., would 


depending on which mission is being 
flown, would continue to fly by or would 
go into orbit around the planet. 

@ Landing routine—The lander for 
Voyager will be separated from the 
spacecraft and spun up by spin rockets; 
its own propulsion system will then be 
fired to place it on an impact trajectory. 
When the lander decelerates to a fairly 
low velocity, a drogue chute will be de- 
ployed to pull away the heat shield and 
release the landing payload. 

Acorn-shaped, the lander will be de- 
signed to assume a more or less upright 
attitude after impact. When the sides of 
the lander are deployed, they will force 
it into an erect position. After that, 5-ft. 
parabolic antenna will be erected to 
transmit data directly back to Earth. A 
second VHF self-leveling antenna will 
also be provided so that data can be 
transmitted from the lander to the or- 
biter and then to Earth as a back-up 
link. 

Primary missions of the lander are: 
first, to perform exobiological investiga- 
tion; second, to make geophysical and 
geological measurements; and third, to 
obtain information for a manned land- 
ing. 


To put the spacecraft bus into orbit 
the main propulsion system will be ig- 
nited and burned for about 15 minutes. 
Once in orbit, a large, 8-ft.-dia. antenna 
will be deployed to allow a greater data- 
transmission capacity to Earth. A hel- 
ical antenna will also be used to 
communicate with the lander. Primary 
payload for the orbiter will be television 
cameras and other scientific instruments 
to measure such things as magnetic 
fields and infrared radiation from the 
planet. 

@ °69 advantageous—Setting various 
limitations on the landing site selection, 
such as requirement to land on the Sun- 
lit side of the planet and the need for 
a steep entry angle to insure that the 
lander is captured by the atmosphere, 
Dow said that the 1969 launch oppor- 
tunity is particularly conducive to the 
collection of scientific information. 
Whether NASA will conduct any mis- 
sion in 1969 or whether it will have to 
wait until 1971 still has not been de- 
cided. NASA has recommended such a 
mission to the Budget Bureau, but as yet 
does not know if the recommendation 
will be approved. gS 


righting instrument package and stabilizing it. Launched by 
Saturn IB/Centaur, 7,000-Ib. spacecraft would have own propul- 
sion for mid-course correction. 
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As atmosphere diluent... 


Soviets See Helium Use in Spaceships 


Prediction that Russians ‘undoubtedly’ will adopt lighter gas 
in future surprises U.S. experts at Bioastronautics Symposium 


SAN ANTONIO, TEX.—Soviet scien- 
tists are very interested in using helium 
as a diluent gas for spacecraft atmos- 
phere instead of the nitrogen which has 
been used in all Soviet space shots to 
date. 

Dr. O. Gazenko, one of the USSR’s 
top space physiologists, told MussiLEs 
AND ROCKETS that helium will be used 
at some time, because of the thermal 
and decompression protection advan- 
tages it offers over nitrogen. He said 
the subject is a matter of scientific con- 
troversy in the USSR, but that “un- 
doubtedly” there will be a shift to helium 
at some time in the future. 

He denied that this meant that the 
Soviets have had any trouble with the 
present environmental control system, 
which he described as an oxygen-nitro- 
gen mixture with temperature range 
from 11-30°C, and humidity from 35- 


by Heather M. David 


69%. Oxygen content ranged from 19- 
29%, with a carbon dioxide rate of 
from 0.2 to 0.7%. He indicated that the 
environmental control system was tuned 
for individual preferences among the 
cosmonauts, measured by skin condition. 

U.S. scientists are also beginning to 
look at helium for its future potential, 
for much the same reasons. The Garrett 
Corp., for instance, has demonstrated 
that a higher cabin temperature can be 
withstood because of the thermal trans- 
fer properties of the gas. In addition, 
because it is less soluble in blood than 
nitrogen, it is not expected to cause the 
bubbling problem, or “bends,” encoun- 
tered in moving to a lower-pressure en- 
vironment—as from cabin to suit opera- 
tion. 

The Air Force coincidentally began 


Panel Favors Orbiting Small Animals for 3-12 Mos. 


AN AIR FORCE PANEL study- 
ing plans for the Manned Orbiting 
Laboratory (MOL) has concluded 
that there is a need for a small-ani- 
mal Biosatellite that would be put 
into orbit for three to twelve months 
to evaluate effects that may occur at 
the cellular level. 

The group, composed of Air 
Force scientists and civilian consult- 
ants, reported at the Third Interna- 
tional Symposium on Bioastronautics 
and the Exploration of Space that it 
will recommend that small animals 
such as mice or rats would be morc 
useful than larger animals. 

They said they reached this con- 
clusion because of the lower suste- 
nance requirements of the small crea- 
tures, their less difficult waste man- 
agement, and the advantages afforded 
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by their rapid development. The 
quicker physical growth of the 
smaller animals in effect increases by 
a factor of five to ten the value, for 
study purposes, of their time span in 
orbit. 

The panel's report is now being 
readied for presentation to official 
levels. 

The Air Force previously has met 
with some lack of success in getting 
approval for its animal program. An 
example is the Discoverer monkey 
program, for which it eventually 
dropped its plans. 

The new program would contrast 
with the Biosatellite program of 
NASA, which will last 30 days. The 
panel indicated it felt that the NASA 
program would provide adequate in- 
formation for that period of time. 
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a 15-day helium-oxygen atmosphere 
confinement experiment at Brooks AFB | 
Nov. 16, in which four men are breath- 
ing a 46% oxygen, 54% helium mixture 
at one-half atmosphere. 

However, U.S. space medicine ex- 
perts voiced surprise at the definiteness 
with which Gazenko stated that the | 
helium system would be used. While it 
is being investigated as a possibility by 
the Air Force, it is not being seriously 
considered for any planned missions, Dr. | 
B. E. Welch said. 

Welch, whose section at the School | 
of Aerospace Medicine has conducted | 
most of the atmospheric tests for the 
Air Force and NASA, said that helium 
still has some big question marks, such | 
as whether the very insolubility of the 
gas in body fluids might be more} 
hazardous in a rapid decompression, 
where it would tend to be lost more | 
quickly. Voice communication, once 
thought a problem, may not be at re- 
duced pressure, he said. 


who included Gazenko, Dr. V. V. Anti 
pov, and Dr. M. M. Kosenkov, were j 
attending the Third International Sym-| 
posium on Bioastronautics and the Ex | 
ploration of Space, held by the Air} 
Force Aerospace Medical Division herdll 
last week. 

According to Gazenko, who reported 
on physiological aspects of Vostok and 
Voskhod flights, the cosmonauts at no 
time wore pressure suits during the re 
cent three-man Voskhod spaceflight 
While it has been assumed that the 
cosmonauts donned pressure suits dur. 
ing boost and re-entry, as is planned for 
the otherwise shirt-sleeve Apollo mis 
sion, he said that not even this protec 
tion was used. He reiterated their ex 
treme confidence in their sealed cabin) 
protection. 

He said that the absence of spaces 
suits made it possible to perform a num+)} 
ber of experiments using sensors directly 
on the skin even during these periods 
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Among the sensors uscd, he said, were 
measurements of the electrocardiogram, 
respiration rate, electroencephalogram, 
eye movements and seismocardiogram. 

@ Visual experiments—The cosmo- 
nauts, like U.S. astronauts, saw objects 
on the ground which they could identify, 
according to Kosenkov. He listed moun- 
tains, rivers, shoreline and towns, but 
did not give the exact measurement of 
the smallest object viewed. 

Kosenkov said Soviet spaceflights 
have demonstrated that the spectral sen- 
sitivity of the eyes when in orbit is close 
to ground values. He added that no 
anomalous phenomena were observed, 
and that all the cosmonauts have seen 
the colors on test cards which were 
given to them when they were in orbit. 
Visual acuity did not decrease by any 
more than 10% after insertion into or- 
bit, he said. 

Kosenkov disclosed that the Rus- 
sians are interested in the possibility of 
using cabin indicators—such as clec- 
tronic signals—in an economical way 
which would utilize one signal display 
for a number of different purposes. A 
shuttering technique would be used so 
that the indicator would relate only to 
information necessary for a given por- 
tion of the flight. This, Kosenkov said, 
frees the pilot from seeing a lot of use- 
less information when he does not need 
It. 

He also said that present Russian 
efforts are going to problems of stereo- 
scopic vision, optical illusions and deep- 
space myopia, to determine the param- 
eters of optical equipment which should 
be furnished. 

@ New biological data—Antipov, a 
radiobiologist who has authored a num- 
ber of papers at international meetings 
in the past, said that Voskhod prelimi- 
nary results indicated a “substantial con- 
tribution” to knowledge about the effects 
of spaceflight factors upon biological 
organisms. 

Among the most significant changes 
which have been revealed in tissue ex- 
periments, he said, are those which show 
that new, spherical fragments occur in 
cells in all stages of division. These 
changes, he said, have only been dupli- 
cated in Soviet research under ex- 
tremely high g forces, such as 4,000 g. 
They have thus far been tied to the 
boost and descent phase of the flight, 
with the greatest number of changes oc- 
curring during the first hours of flight, 
and the least just before re-entry. 

Antipov also disclosed that in one 
Voskhod experiment, a number of cells 
were flown which have been flown on 
previous spaceflights, specifically Vos- 
toks 4 and 6. He said this indicated that 
the tissues can maintain viability with 
repeated exposures, and possibly that 
some selection takes place. By studying 
the ones which “selected themselves” he 


said, a great advantage will be gained in 
calculating what happens to human 
cells. 

© Vestibular difficulty—The second 
indication of some vestibular disruption 
in Soviet spaceflight experience was in- 
dicated by Gazenko, who said that 
Popovich felt sensations similar to those 


appearing during Coriolis accelcration. 
He said, however, that these diminished 
and then disappeared when the cosmo- 
nauts strained against their couches. 
Gherman Titov’s earlier, more severe ex- 
periences of nausea are now generally 
considered to be an individual peculi- 
arity. 2 r | 


Apollo Command Module Guidance Tested 


FIRST PHOTO OF APOLLO Command Module integrated guidance system, developed 
by AC Spark Plug, and the Kollsman optics to be used for star fixes to check navigation. 
Shown under test are the telescope, inertial measurement unit, and the digital guidance 


computer, developed by Raytheon Company. 
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Buoyed by firing successes... 


Nuclear Rocket Backers 
Bid for Post-Apollo Role 


Finger says outlay of $1 billion would produce rocket 
ready for operation in 1975; LASL turning to Phoebus 


PROPONENTS of the nuclear 
rocket are making a firm bid for use 
of their engine concept in the national 
space program after Apollo. 

The nuclear propulsion program, 
meanwhile, for Fiscal Year 1966 prob- 
ably will get the same funding as in 
the current fiscal year—$150 million— 
according to NASA and AEC officials. 

Looking ahead, an AEC-NASA of- 
ficial claims a total of about a billion 
dollars more would be needed to bring 
the nuclear rocket into the flight-test 
stage by the early 1970's, and opera- 
tional by 1975. Speaking at a recent 
Washington conference, Harold B. Fin- 
ger, Manager of the joint AEC-NASA 
Space Nuclear Propulsion Office, also 
also said he would like to see a RIFT- 
type program reinstated; but he did 
not expect this to happen in the next 
Fiscal Year. 

RIFT, a Reactor In-Flight Test 
program, was cancelled last year for 
economic and technical reasons. 

The programs “ideally” suited for 
the nuclear rocket are said to range 
from missions involving manned ex- 
ploration of Mars to ones calling for 
logistics vehicles for flights between 
Earth and the Moon. 

@ A tremendous advance—So 
pleased are AEC and NASA with the 
recent highly successfully series of hot 
firings of nuclear reactors, particularly 
after a notable failure earlier in the 
year, that Finger claimed they cer- 
tainly indicate a “step improvement” 
in rocket systems. 

Pressing the point further, he en- 
thusiastically added that “these tests 
constitute the largest advance in rocketry 
and in rocket performance that has been 
made since Goddard started flying his 
pump liquid-rocket systems in the ’20’s. 

The tests referred to were of the 
Kiwi and NERVA reactors. Kiwi is the 
name given to research reactors devel- 
oped by AEC’s Los Alamos Scientific 
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Laboratory (LASL). The technology 
developed in this program, and the basic 
designs, have been used to build the 
NERVA reactor and experiments. The 
work on NERVA, which stands for Nu- 
clear Engine for Rocket Vehicle Appli- 
cation, is performed by Aerojet-General 
Corp. and Westinghouse Electric Corp., 
reactor subcontractor to Aerojet. 

On Aug. 28, there was a test of the 
Kiwi-B4E reactor, eighth and final reac- 
tor to be fabricated under the Kiwi pro- 
gram. This was presumably the world’s 
first successful “hot” test of a nuclear 
reactor developed for propulsion pur- 
poses. 

The reactor ran at planned power 
and temperature for more than eight 
minutes, the maximum time possible 
with the available liquid hydrogen sup- 
ply. This run was followed on Sept. 10 
by an unprecedented “restart” test. 

Then, on Sept. 24, the first power 
test of the NERVA Experimental Reac- 
tor, the NRX-A2, was conducted. The 
reactor performed at the planned power 
and temperature without incident. This 
reactor also was restarted and run at low 
power for 20 minutes on Oct. 15. 

Finger made the point that these tests 
have demonstrated that “we can build 
these reactors for nuclear rockets and 
have them operate successfully - (and) 
we can achieve, actually achieve, the 
performance that we . . . predicted.” 

Specifically, the test data verified 
that a specific impulse of 750 seconds 
or higher could be achieved, when cor- 
tected for altitude and jet nozzle area 
ratio. This compares with 300 to 450 
seconds for the chemical rockets now 
in use or under development. 

The thrust achieved during the tests 
ranged between maximums of 50,000 
to 56,000 lbs. These thrusts were down- 
played as not being the fundamental 
parameter; the reactors can be made 
bigger in order to get higher thrusts. 
“Specific impulse tends to be a more 


fundamental parameter and our work 
is aimed at going even above 750 sec- 
onds,” said Finger. 

An important point about the tests 
that received only passing attention was 
that the reactors were started auto- 
matically, from no-power to full power, 
the way a normal control system would 
operate them. This is not the usual way 


~ reactors are started; they are commonly 


nursed through lower power levels up 
to the higher ones. 

@ The next step—Now that the re- 
actors have shown they can operate at 
least for short periods of time, the ad- 
vanced program is to refine the design 
in order to provide operations for ex- 
tremely long periods. Also, there will 
be attempts to push the specific impulse 
higher by elevating the operating tem- 
perature and power density of the reac- 
tors. 

Part of next year’s NERVA pro- 
gram is to breadboard the pump, reactor 
and nozzlc into a self-contained system 
and see how they interact with the con- 
trol system. There are no known ana- 
lytical means to predict this function. 

This work will be followed by down- 
firing engine tests, as opposed to the 
up-firing tests that have been run. 

Although the Kiwi development pro- 
gram does not include such an experi- 
ment, the Los Alamos Scientific Labora- 
tory is planning early next year to run 
the Kiwi TNT test—transient nuclear 
test. This is a safety test aimed at learn- 
ing what happens if there are rapid 
transients in power. They will be ob- 
tained by rapidly rotating the control 
drums around the reactor core. 

With just about all of its Kiwi work 
done, LASL has turned most of its at- 
tention to Phoebus I, an advanced reac- 
tor of Kiwi-size that will serve as the 
stepping stone to Phoebus II, sometimes 
known as the Advanced Phoebus, of 
250,000 Ibs. thrust. For an advanced 
Mars mission, it is proposed that two 
or three Phoebus II’s be clustered in a 
stage for departure from Earth orbit; 
another Phoebus II be used in the sec- 
ond stage of the spacecraft for decelera- 
tion into the Mars orbit; and a Phoebus 
II, or possibly a NERVA I for Mars 
orbit departure. NERVA I is based on 
the Kiwi reactor; NERVA II on the 
Phoebus II. 

For lunar work, a NERVA I en- 
gine used as the third stage on a Saturn 
V would be able to carry a 47,000-lb. 
payload directly from Earth to the lunar 
surface, according to Finger. This would 
be enough payload to give four astro- 
nauts a 30-day dwell period on the 
Moon. An all-chemical rocket could not 
carry enough payload for a direct lunar 
flight and return. If launched on an ad- 
vanced Saturn V, the nuclear rocket 
stage could give dwell times of 90 days 
or more. B 
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Knowledge gap narrowed... 


NASA Moves to Develop Ramjet 


Proposals to be received in six weeks for research vehicle design; 
flight-test should begin in 1968; program will involve X-15 


by Hal Taylor 


PROPOSALS LEADING toward 
the development of a hypersonic ram- 


| jet research engine have been requested 
| by NASA for delivery by Jan. 7, 1965. 


Three firms will be selected for 
Phase I of the project, which calls for 


| conceptual and preliminary design of a 


flight engine. During Phase I work, the 
firms will prepare engine development 
plans. These plans will serve as tech- 
nical proposals for Phase II, during 
which the engine will be built. 

Phase I will last nine months. De- 
velopment will be initiated on Phase II 
late next year. Plans now call for flight- 


| test of the engine in early 1968, with a 
| two-year flight-test program envisioned. 


The space agency said that until re- 
cently the design and construction of 
such a research engine would have been 
virtually impossible because of impor- 
tant gaps in essential knowledge. Now, 
the agency continued, component re- 
search appears to have narrowed the 
gap sufficiently to make construction of 


| a research engine feasible. 


@ Ramjet dividends—The ramjet 
engine is considered a promising propul- 
sion system for flight missions at hyper- 
sonic speeds because of its relative fuel 
economy. It probably would attain 
speeds above 3,300 mph, or more than 
five times the speed of sound. 

The ramjet powerplant is expected 
to be useful for hypersonic aircraft, 
boosters and spacecraft flying within 
the atmosphere. It is believed that it 
will provide marked advantages over 
other flight powerplant systems because 
of its reduced weight and improved 
flight efficiency. 

In its simplest form, the ramjet has 
no moving parts. In contrast with the 
turbojet engine, which requires a me- 
chanical air compressor, the ramjet 
compresses air by ramming it into the 
front of the engine at high speeds. 

Energy is added by burning fuel in 
the compressed air. The combustion 
gases then expand rearward through the 
engine’s tailpipe to produce thrust. The 
ramjet operates best at speeds of 2,000 
mph or more, in the speed range above 
turbojet engines. 


@ X-15 involyed—The hypersonic 
Tamjet experiment project is intended 
ultimately to include flight research with 
the engine mounted on the X-/5 No. 2 
airplane. Guidelines for preliminary de- 
sign include a weight limitation of 800 
lbs. for the final research engine, in- 
cluding necessary flight-test instrumen- 
tation. Dimensions are to be compatible 
with mounting the engine near the lower 
aft fuselage of the X-15. 


The X-15 No. 2 will be capable of 
carrying 110 gals. of the liquid hydro- 
gen fuel specified for the engine. 

The NASA bid request seeks a ram- 
jet capable of operating at flight speeds 
between Mach 3 (about 2,000 mph) 
and Mach 8 (about 5,300 mph). 

The hypersonic ramjet project is in 
the programs of the Aeronautical Re- 
search Division of NASA’s Office of 
Advanced Research & Technology. 


NASA Continuing Manned Flight Priority 


NASA APPARENTLY will not 
support the National Academy of 
Sciences recommendation that the 
next U.S. space goal following Proj- 
ect Apollo should be unmanned ex- 
ploration of Mars during the 1971-85 
period. 

The agency, informed sources re- 
port, is going ahead with the prepara- 
tion of its Fiscal Year 1966 budget 
—which, while containing funding 
for unmanned exploration of Mars, 
will continue to place the bulk of 
funding in manned spaceflight pro- 
grams. This will include the first 
hardware money for Apollo X or 
Apollo Extension Systems. 

While most officials of NASA’s 
Office of Space Sciences and Appli- 
cations agree with the Academy’s 
view, the state of affairs for un- 
manned programs is illustrated by the 
current fate of the 1969 Voyager 
mission. 

Although top NASA manage- 
ment would like to fly the mission, 
the restrictions imposed by the 
Budget Bureau apparently will not 
leave enough money in the FY ’66 
budget to do it. NASA could prob- 
ably scrape enough money up by 
slowing down or cutting some 
manned spaceflight efforts, but top 
officials have thus far ruled out such 
a course. 

@ Board’s report—The Space 
Sciences Board of the National Acad- 
emy of Sciences expressed its posi- 
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tion on the primary future U.S. 
space goal at the request of NASA 
Administrator James E. Webb. 

The report was received by the 
agency on Oct. 30, and made pub- 
lic by the Academy last week. 

The Academy said the alterna- 
tives to unmanned exploration— 
extended lunar exploration and 
manned space stations—are not re- 
garded as primary goals because 
they have less scientific significance. 

“The manned Earth orbital pro- 
gram should be a secondary, not 
primary, goal,” the Academy told 
NASA. “This would include the 
development of rescue service for 
unmanned vehicles and several mili- 
tary objectives, such as inspection.” 

The Board said that in the view 
of many scientists the outstanding 
problem of our times is whether or 
not living forms have developed on 
Mars. For this and many other 
reasons, it called on NASA to use 
Saturn-class vehicles, including the 
Saturn V, to launch unmanned fly- 
bys, orbiters and landers to the 
planet. 

The Academy also  recom- 
mended that NASA continue its 
Earth satellite and application pro- 
grams at the current level and con- 
sider probes reaching into the solar 
corona, out of the plane of the 
ecliptic, to a distance of 40-60 As- 
tronomical Units from the Sun, 
and to Mercury and Jupiter. 
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PHOTO SEQUENCE relcased by DOD last week slows pop-up dummy. TOP RIGHT: Dumnny clears cell, positioning wedges fly 
test of dummy of Army’s Sprint anti-missile missile at site near away. BOTTOM LEFT: Tethers check dummy at top of flight. 
Orlando. TOP LEFT: Test cell before ignition of charge under BOTTOM RIGHT: Dummy suspended on cables. 
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Technical Countdown 


ELECTRONICS 


Radiation/Thermal Chamber Designed 


A planetary radiation simulator has been designed by 
Philco Corp.’s WDL Division to meet the need for adequate 
environmental testing of spacecraft, the firm reported at the 
AIAA Space Simulation Testing Conference at Pasadena, 
Calif. Walter G. Camack said that although there is a need 
to simulate albedo and planet radiation as well as solar radia- 
tion to test spacecraft thermal design, planet sensors and 
guidance and navigation systems, such simulators have not 
been devised. Philco has found that the required strongly 
directional emitting sources can be provided with cone optics. 


Autopilot Testing Crucial for Spacecraft 


Spacecraft autopilot testing will be increasingly important 
as the complexity of spacecraft propulsion systems and struc- 
tural properties increases. Jet Propulsion Laboratory told the 
AIAA Space Simulation Testing Conference. Noting that 
payload capabilities of the Saturn launch vehicles portend a 
large jump in size and complexity of future spacecraft, John 
F. South said future space simulation facilities should be 
designed for this class of spacecraft rather than the inter- 
mediate class suitable to the Atlas-Centaur boosters. 


STS Passes Acceptance Tests 


The Special Test System (STS), under development by 
General Precision Inc.’s Kearfott Division to test an ad- 
vanced stellar inertial guidance system, has successfully com- 
pleted acceptance tests. A part of the STAFF Program for 
the Air Force’s Ballistic Systems Division, STS is designed 
to test the stellar IG unit in a ballistic missile boost phase and 
in the space environment. First flight tests of the system will 
be made in a Polaris A-1 from Eastern Test Range. 


MATERIALS 


Thiokol Testing New Additives, Oxidizers 


Beryllium additives and high-energy oxidizers are now 
being developed in Thiokol Chemical Corp.’s new high- 
energy solid-propellant plant at Brigham City, Utah. The 
plant will manufacture several other new propellants recently 
developed in Thiokol labs. Wasatch Division is testing solid 
fuels using beryllium additives for possible use in the NASA 
Surveyor program, and research is being conducted on high- 
energy oxidizers including hydrazinium diperchlorate. Plant 
facilities include a vertical propellant mixer with 1,000-Ib. 
per hour capacity, a 25-ft.-deep casting pit, process control 
lab, static-test firing area and X-ray pad. 


PROPULSION 


260-in. Firings To Be Increased 


The static test program for NASA’s 260-in. solid-rocket- 
motor development appears to have been considerably ex- 
panded. Now in Phase I development by Thiokol and Aero- 
jet-General, the big motor is expected to undergo full-length 
test firings under Phase II during 1967-69. Each firm will 
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fire two half-length motors during Phase I. Only two full- 
length motors were to have been fired by the competition 
winner, but NASA now indicates that from 6 to 8 will be 
tested. Incremental funding of about $20 million for the 
motor tests is expected to appear in the Fiscal Year 1966 
budget request. 


Ozone Stabilizer Discovered 


Researchers at the Department of Chemistry, Massa- 
chusetts Institute of Technology, happened across a method 
of storing ozone that may lead to its use as a rocket fuel. 
While studying ways to utilize sunlight, Prof. L. J. Heidt 
and a pre-doctoral student, V. R. Landi, found that the 
breakdown rate of ozone can be reduced and smoothed out 
by increasing its alkaline environment. The chemists kept 
ozone on a 50% solution of sodium hydroxide for some 83 
hours with an ozone loss of 50%. The researchers suggest 
that ozone might be stored and transported safely in con- 
tainers whose inner walls were lined with an alkaline mate- 
tial. Both researchers noted that the work involved re- 
latively small amounts of ozone and bulk properties might 
differ. In addition, the chemical damping action of alkaline 
compounds on the violently reactive ozone is not known. 


SPACE MEDICINE 


Brain Plugs Developed 


A “plug-in” electroencephalograph that can be used with 
animals for spaceflight experiments has been developed by 
Amphenol-Borg Electronics Corp. The connectors and leads 
are surgically placed while the animal is under anesthetic. 
After this one operation, a number of different instruments 
can be attached to the plugs which project from the animal’s 
cranium. This would allow researchers to selectively stimu- 
late or monitor different brain areas. 


Vibrations Beneficial to Astronauts 


Vibration as a means of counteracting the debilitating ef- 
fects of weightlessness is proposed by J. E. Beaupeurt of the 
Boeing Co. after a number of tests using vertical, sinusoidal 
vibrations at Boeing’s Wichita vibration facility. While it 
was found that subjects vary considerably in their tolerance, 
some vibrations were found tolerable and even pleasant 
enough to warrant proposing them for reduction of physical 
fatigue, increasing alertness and stimulating circulation. 
Beaupeurt said it is quite likely also that vibration could be 
used to alleviate weightlessness effects on the musculo-skele- 
tal system. 


In-Flight Training Method Perfected 


Feasibility of using a small on-board training device dur- 
ing extended spaceflight was studied at NASA’s Langley Re- 
search Center with the conclusion that such a system is use- 
ful for maintaining skills and could be developed with small 
weight and volume requirements. Method uses electronically 
generated disturbance signals summed with manual control 
inputs to the attitude stabilization system. The disturbance 
signals create perturbations on the spacecraft, which the pilot 
must control. 
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space electronics 


AF Pushes Work on IC Exploitation 


Three new demonstration hardware programs under way 
at Wright-Patterson; phased-array work started at TI 


DayYToN, Onio—Three new Air 
Force projects aimed at application of 
advanced microelectronics to operating 
experimental hardware packages are 
now under way in the Electronic Tech- 
nology Div. of the Air Force Avionics 
Laboratory at Wright-Patterson AFB 
here. 

One project has already been funded, 
RFP’s on the second system are already 
out, and those for the third effort are 
expected to be issued within the next 
few months. The three programs in- 
clude: 

—A: terrain-following phased-array 
airborne radar system which could have 
major long-range application to ad- 
vanced missile fire-contro] radars. 

—A microelectronic version of an 
individual adaptive element which could 
then be arrayed in large numbers to 
form future pattern recognition or adap- 
tive control systems with many possible 
applications. 

—A very-high-speed video proces- 
sor which would allow the Air Force 
to move ahead with advanced digital 
communications systems. 

All three programs involve very 
heavy use of integrated circuitry, refiect- 
ing the continuing AF drive, led pri- 
marily by the Avionics Lab, to fully 
explore use of these devices in virtually 
every electronic systems category of fu- 
ture importance to the service. 

The likelihood that the Air Force 
would support new developments in 
these areas as well as in several others, 
and the intention of the service to con- 
tinue using actual demonstration hard- 
ware projects, or so-called “research 
vehicles,” as the best method to expand 
the technology, were reported in Mis- 
SILES AND ROCKETS, Aug. 31, p. 14. 

@ Phased-array radar—The phased- 
array radar program began late in Sep- 
tember with an award to Texas Instru- 
ments, Inc.’s Apparatus Div. in Dallas 
after preliminary studies had been made 
in-house by the Air Force. The initial 
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by Michael Getler 


award to TI is worth about $500,000, 
but there is a strong possibility that 
funding may grow considerably in the 
future and perhaps include other con- 
tractors. 

Though the research vehicle being 
developed by TI is aimed primarily at 
low-level navigation radar, the implica- 
tions of the technology are extremely 
broad, representing an exploration of 
many new and novel techniques for 
utilizing integrated circuit and micro- 
wave devices in various radar applica- 
tions. AF engineers here stress that they 
will support work beyond that now un- 
der contract to attempt to ferret out all 
possible applications. 

AF engineers feel that the current 
effort should culminate in a highly ad- 
vanced, first-of-its-kind, operating radar 
in about 3-4 years. 

Present planning calls for TI to pro- 
duce a monopulse-type, microelectronic, 
phased-array radar that will operate at 
X-band and incorporate many inte- 
grated-circuit subsystems not now in 
existence, operating in conjunction with 
solid-state microwave power components 
used as radiating elements. 

The radar is expected to include 
many new analog-integrated circuits, 
function generators in integrated form, 
higher-frequency integrated IF strips, 
and new integrated power amplifiers. 

The array itself will be composed of 
some 500 individual semiconductor ra- 
diating elements, each putting out peak 
power of 1 watt. Each element will be 
part of a roughly 1-sq.-in. plug-in, re- 
placeable module that will contain a 
power amplifier, varactor multiplier, IF 
pre-amplifier, and T/R switch. Switch- 
ing equipment for the array beam will 
be mounted behind the modules. With 
this type of array and use of pulse 
compression techniques at the receiver, 
engineers here estimate the system will 
yield performance equivalent to a more 


conventional short-pulse radar with an 
effective peak power somewhere in the 
vicinity of 20-50 kw. 

Another bonus, the Air Force says, 
is that conventional stabilization equip- 
ment, which normally stabilizes an air- 
borne radar dish during flight ma- 
neuvers, will not be needed, because of 
the controllable array beam pattern. En- 
gineers further believe that techniques 
used for digital switching of discrete 
lengths of transmission line to get the 
necessary phase shift for the radar may 
also be applicable to other ground-based 
array radars. 

By going to a multi-element phased- 
array that allows use of many lower- 
power solid-state output devices, engi- 
neers here hope to achieve reliability 
improvements on the order of 9 to 1 
over existing conventionally configured 
non-solid-state terrain-following radars, 
as well as 2-to-1 reductions in size and 
weight figures. 

To expand phased-array terrain- 
following radar techniques into mis- 
sile fire-control and air-intercept prob- 
lems requires considerably more power, 
which might impose restrictions on the 
use of solid-state power components, but 
the Air Force feels that with more de- 
velopment this, too, may be possible. 

The Avionics Lab is expected to in- 
vestigate this area, and is also likely 
to study the use of integrated circuits 
in some of the related fire-control sub- 
systems (other than the computer area 
where they are now in use) such as in 
active filtering systems used for infor- 
mation extraction from target signals. 
TI, in its radar development, will also | 
explore the use of integrated solid-state || 
design in the power regulator subsystem. 

@ Adaptive element—RFP’s have 
been issued by the Electronic Technol- 
ogy Div. for development of a small, 
microelectronic version of an adaptive 
magnetic-type element which, if it can 
be evolved, will serve as the basis for 
later procurement of a new research ve- 
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hicle in the area of a pattern recogni- 
tion or adaptive control system. Con- 
tractor selection for the initial effort is 
expected in about four weeks. 

These elements, which have been 
built using conventional electronic de- 
sign, basically provide variable linear 
gain with permanent memory. If they 
could be reduced in size by several or- 
ders of magnitude, their use in arrays 
of perhaps 2,000 elements might lead 
to deployment, for example, in target 
identification roles associated with data- 
processing subsystems, in several pos- 
sible control system applications, in 
weather forecasting, and in speech rec- 
ognition. 

@ Digital communications—The Di- 
vision’s interest in advanced digital com- 
munications systems currently is cen- 
tered on achieving a capability to han- 
dle video channels in real-time through 
development of the key new subsystem 
that is required—a very-high-speed video 
processor. The ability to process video 
rapidly with a microelectronic system 
could, for example, give the Air Force 
a strong future capability for on-board 
processing of reconnaissance data. 

In order to develop such a processor, 
both higher-speed logic and higher-speed 
data sampling rates will be needed. En- 
gineers here say the latter requirement 
probably is more difficult to cope with. 

Basically, AF engineers are inter- 
ested in being able to interrogate a 6-mc- 
bandwidth video channel, for example, 
at about a 12-mc sampling rate, which 
would allow working systems to run at 
clock rates on the order of 100 me with 
associated high resolution and accuracy. 

In order to push the sampling rates, 
a/d conversion rates, and clock rates 
to new ground, the Division will pursue 
development of new 100-mc logic with 
nanosecond delay times, new data-com- 
pression systems using integrated cir- 
cuitry which might conserve bandwidth 
requirements, and use of passive thin- 
film circuit depositions on top of larger- 
area active! silicon circuit arrays for 
gains in the sampling and logic portions. 
The Division has worked on this latter 
development for about three years, with 
some of the effort performed under con- 
tract to Motorola. 

The Air Force says it would like 
to have such an advanced system oper- 
ating in about two years, and that it is 
likely to take the first step—develop- 
ment of the processor—through issu- 
ance of RFP’s in the next few months. 
A full-scale communications systems 
task probably would be initiated in 
about a year. 

In connection with such a system, 
engineers here say they will also look 
at advanced designs for phase-lock re- 
ceivers. They claim that these appear 
“to be a natural” for redesign with in- 
tegrated circuits. a 


Coating Protects ASSET 


RECENTLY RELEASED photos of first ASSET vehicle to be recovered for study 
following its glide re-entry show how it was preserved in re-usable condition by special 
diffusion alloy coating developed by Chromalloy Corp., of West Nyack, N.Y. Top photo 
shows lower glide surface of the McDonnell Aircraft-built ASSET, with its variety of 
“chromallized” molybdenum panels, before flight. Photo below shows same ASV-3 vehi- 
cle after completed flight and re-entry on July 22. Even after prolonged heating to 
almost 3,000°F, bottom glide panels are in “like-new” condition. Unscathed vehicle 
structure could be flown again, if desired. 


J 
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space systems 


Modular Payload Developed for Probe 


Package being built for Army by Electro-Optical Systems offers 
advantages for radiation measurement, other ionospheric work 


A MODULAR PAYLOAD pack- 
age now under development for the De- 
fense Atomic Support Agency (DASA) 
may play a significant role in probing 
the ionosphere for radiation data if the 
U.S. resumes atmospheric testing of nu- 
clear weapons. 

The modular approach is advantage- 
ous not only because of its low cost for 
a repeated series of tests but also be- 
cause it makes it possible to replace 
obsolete instrument modules without 
redesigning the payload package. 

Other advantages include flexibility 
—being able to substitute one experi- 
ment or series of experiments almost 
minutes before a flight—and the assur- 
ance that back-up modules can be 
within reach if a malfunctioning mod- 
ule shows up. 

@ Stacked like chips—The present 
payload system, designed and built by 
Electro-Optical Systems, Inc., integrates 
the electronics for seven measurement 
and support functions into separate 
cylindrical modules of the same diam- 
eter. These standardized units can be 
quickly and interchangeably stacked 
and fastened to actually form the rock- 
et’s forward section. 

In the past, payloads for scientific 
ionosphere probes have usually been 
custom-built for their special role in 
each particular mission. Still, as far 
back as the V-2 rocket, in its scientific 
use in the U.S., some attempts were 
made to standardize instrumentation 
and even introduce modular units. Be- 
cause of the relatively primitive nature 
of the upper-atmosphere sensors at that 
time, however, they did not lend them- 
selves to the more sophisticated ap- 
proach. 
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As a result, scientific devices for 
rocket installation were usually ex- 
tremely difficult to service or replace 
once installed in the launch vehicle. The 
situation has not changed significantly 
over the years. 

The new, integrated EOS system 
will presumably provide upper-atmos- 
phere researchers with easily installable 
and quickly interchangeable instrument 
and support modules. The equipment 
was developed under contract to the 
Army Ballistic Research Laboratories, 
Aberdeen Proving Ground, Md., acting 
for DASA. 

The second structural flight test is 
planned for January at Eglin AFB, Fla. 
Lofted by a Nike-Javelin III, the 120- 
lb. package is expected to reach 150 
km. On the first flight of the payload 
earlier this fall, the ogive broke up. 

If all goes well with the January 
test, the payload itself will be installed 
for a flight test in March, John Mester, 
project manager for the project and 
ABRL’s chief of applied physics, told 
MISSILES AND ROCKETS, 

@ Easy access—Each of the seven 
modules built under the $221,000 Army 
contract is open at both ends for elec- 
tronics installation and servicing, said 
Dean E. McDowell, EOS supervisor for 
the project. He explained that these 
modules—comprising one payload— 
contain measurement components at- 
tached either directly to their inside 
cylindrical walls or to interior wall sub- 
frames. 

Payload measurement devices in- 
clude an electron-ion temperature ex- 
periment, propagation beacons, a radi- 
ation detector and a Langmuir probe. 

To further strengthen the miulti- 
purpose payload concept, all support 


modules for the system have been pre- 
designed to meet a variety of different 
probe requirements. EOS cites the 
power supply system as an example: it 
has 100% more current capacity than 
is presently required and could be inter- 
changeably used in systems demanding 
more current. It provides regulated out- 
puts of 12 volts and =28 volts. 

In addition, the designers say, the 
telemetry package has more data-han- 
dling capacity than is presently neces- 
sary, in order to accommodate simul- 
taneous signals from a broad range of 
instruments. 

EOS is presently working on a com- 
bined ranging, tracking and telemetry 
system with even broader capabilities 
for future integrated payloads. The 
company believes that once standard- 
ized packaging techniques are applied 
to additional support units and instru- 
ments—electron density and solar flare 
experiments, for instance—the costs 
involved in upper-atmosphere research 
will be significantly reduced. 

In launch configuration, the EOS 
cylindrical modules will be stacked and 
fastened one on the other with Marman- 
type ring clamps using a single bolt 
each. The cylinders have a length of 
from five to ten inches and an outside 
diameter of nine inches. 

Removal of any module in the pay- 
load will be accomplished by first de- 
taching metal cable covers extending the 
length of the nose section and then 
unbolting the two ring clamps holding 
that particular module. Since the length 
of the payload is determined solely by 
the number of modules required for a 
specific probe, only the external cables 
and cable covers need alteration for 
each new mission. 
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BELOW: Interchangeable modules (from top): nose cone with 
beacon antennas inside, Langmuir probe, propagation beacon, 
magnetometers, ion trap, telemetry and power system. 
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The EOS design couples the missile 
nose cone to the uppermost instrument 
module. Distance from motor bulkhead 
to the tip of the nose cone is approxi- 
mately 100 in. 

EOS for many years has developed 
specialized probe instrumentation, in- 


cluding satellite and rocket photometers, 
beta and gamma ray detectors, solid- 
state electron telescopes and gamma-ray 
telescopes. 

The company is currently construct- 
ing an ionospheric instrument which 
will open beam-like arms in flight to 
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INTEGRATED PAYLOAD aboard launch vehicle. Cable cov- 
ers and antennas are only external attachments in nose section. 
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EXPLODED VIEW of integrated rocket payload shows separate 
support and instrument cylinders. 


intercept and capture lunar dust or 
ejecta falling toward Earth. Develop- 
ment of the unit, whose initial flight was 
made last Monday on an Aerobee 150 
vehicle sent into the Leonid meteor 
shower, is funded through a NASA con- 
tract under Experiment Luster. a 
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space medicine 


GD/A Rotational Test 
Results Are Encouraging 


Five-day, 6-rpm centrifuge run produces 
no ill effects on engineer subjects 


A FIVE-DAY rotational test at Gen- 
eral Dynamics/ Astronautics designed to 
see if the theoretical endurance limits 
of human beings can be raised has had 
such good results that post-flight testing 
was cut by a day and a half for lack 
of adverse symptoms. 

According to Dr. Bernard Newsom, 
chief of Aerospace Medicine at GD/A, 
the results were so encouraging that 
they will help to remove the traditional 
constraint on engineering design that 
humans can tolerate circular motion to 
the extent of only 4 rpm at a 40-ft. 
radius. The test subjected four men to 
6 rpm for five days at a 20-ft. radius, 
and as Newsom says, “it’s obvious that 
we are not reaching the optimum toler- 
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ance at six revolutions per minute.” 

During the five days, two men 
adapted to the rotational rate within 24 
hours, the other two within 48. During 
the acclimatization period, the crew felt 
“stomach awareness,” but not the ex- 
treme nausea or vomiting that has been 
reported in other tests. 

Although it will take a week or so 
to get the fine analyses of psychological 
and biochemical tests performed during 
the run, Newsom said that in all ap- 
pearances, there were no changes, no 
difficulties in performing tasks, and no 
disorientation. 

The men performed the kinds of 
tasks that would demonstrate whether 
they had the kind of motor ability nec- 


CENTRIFUGE at General Dynamics/ Astronautics used in five-day test. 
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essary for space station operation. These 
included movements such as pointing, 
button pushing, looking from side to 
side, depth perception, memory and 
reasoning tests, and walking from one 
place to another. 

@ Equipment—tThe simulation was 
conducted on the Manned Revolving 
Space Systems Simulator (MRSSS) at 
San Diego on company funds, It is part 
of a program, Newsom said, to define 
all the real constraints imposed both by 
providing gravity and operating in 
zero-g before a decision is made or 
whether space stations must be rotated 
or not. This test was aimed at determin- 
ing needs of interplanetary flight or 
year-long space station work, rather 
than Manned Orbiting Laboratory or 
Manned Orbiting Research Laboratory, 
he said. 

Eventually, he said, GD/A would 
like to see what kinds of perturbations 
associated with space stations compli- 
cate the problem and how they affect 
the optimum tolerance. This would lead 
to calculations of what work man could 
do at what rotations, with what kinds 
of perturbations. The company also is 
conducting an equally large study on 
how man can adapt by exercises to op- 
erate in a zero-g space station. 

The MRSSS chamber in which the 
test was conducted is a room 14 ft. long 
x 7 ft. wide and 8 ft. high mounted 
across the arm of a centrifuge with a 
20-ft. radius. Trunions allow the cham- 
ber to swing out or tilt as the rotational 
speed increases. 

This tilting, so that the resultant of 
the centrifugal and gravitational forces 
is perpendicular to the floor, may be the 
reason why the subjects did not experi- 
ence the ill effects encountered in other 
tests. 

Newsom said that the fact that the 
rotation was gradually increased by 2- 
rpm steps also might account for the 
success. The men entered the chamber 
Nov. 4, for 24 hours acclimatization, 
then spun up Nov. 5 to 2 rpm for four 
hours, and then to 4 rpm for four hours. 
Velocity was then stepped up to 6 rpm 
for 104 hours. 

The spin-down was accomplished in 
the same cycle on Nov. 10. The four 
men, who are research engineers at Gen- 
eral Dynamics, were expected to re- 
main in the chamber for 48 hours for 
post spin testing. However, 12 hours 
testing was deemed sufficient since there 
were absolutely no symptoms. 

@ Environment—The men breathed 
normal air supplied through an air con- 
ditioning system. Medical monitoring in- 
cluded electrocardiogram, blood pres- 
sure, respiration, temperature, etc. The 
men also acted in a buddy system to 
perform psychological and physiological 
tests to see if they could perform this 
space station function also. a 
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Find the right one! 


Working with the Air Force to 
find the right one from among the 
many approaches to military satel- 
lite communications is one of the 
vital national-defense missions of 
Aerospace Corporation. Specifically: 


We plan: Aerospace helps deter- 
mine the nature of our military 
satellite-communications program. 
Should it be a high-, medium-, or low- 
altitude system? How can we be sure 
of having a satellite where and when 
we need it? Resolving such basic 
questions as these, Aerospace struc- 
tures an over-all plan for Air Force 
approval: for example, the recom- 
mendation might be a medium-alti- 
tude, multiple-satellite system that 
would provide optimum coverage. 


SATELLITE COMMUNICATIONS 
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Approaches by the score— 
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We guide: Aerospace provides 
systems engineering on an approved 
system, resulting in specifications and 
plans for development of the satellite- 
communications system. Typically, 
the Corporation brings contractors 
face to face both with problems and 
suggested solutions. Aerospace also 
provides technical direction during 
the development, manufacturing, and 
launch phases and participates in the 
co-ordination of the ground stations, 
launch vehicles, and payloads. 


We probe: Analysis of industry’s 
antenna design approaches, coding 
circuits, etc., followed possibly by 
experimentation and testing for sensi- 
tivity and environment, is also part of 
Aerospace’s mission. 

The future is anticipated by studies 


such as the application of millimeter- 
wavelength communications to the 
problem of transmission through 
plasma sheaths. For these studies, 
Aerospace uses a unique antenna, 
accurate to 20 seconds of arc, to oper- 
ate up to 240 Gc. 

We need: Senior engineers and 
scientists challenged by the complex- 
ities of advanced thinking will find a 
stimulating atmosphere at Aerospace 
Corporation. For information on 
current career opportunities, write 
Mr. Stephen Robinson, Room 105, 
Box 95085, Los Angeles 45, Calif. 
An equal-opportunity employer. 

The problem is one of getting from X to Y without 
entering a blind alley at any time. Look well 
ahead! (From Mazes and Labyrinths, a Book of 


Puzzles, by Walter Shepherd; Dover Publications, 
Inc., New York 14, N.Y.) 


AEROSPACE CORPORATION 


® 


Organized in the public interest and dedicated to providing objective leadership in the advancement and application of 
space science and technology for the United States Government. 


lunar vehicles 


Northrop Gets in LSV Battle 
With Company-Funded Development 


Proposal, now vying with NASA-supported studies at Boeing 
and Bendix, features eight wheels and walking-beam suspension 


NORTHROP Space Laboratories 
has entered the competition for a lunar 
surface vehicle (LSV) that will serve 
as a mobile laboratory (MOLAB) after 
the U.S. has made its first manned ex- 
ploration of the Moon. 

The firm has committed company 
funds to developing the LSV, thus buck- 
ing NASA-funded studies being con- 
ducted by The Boeing Co. and Bendix 
Corp. 

The proposed LSV is an eight- 
wheeled chassis carring a cylindrical 
pressurized lab module for two astro- 
nauts, plus the necessary on-board sys- 
tems and expendables. The lab and chas- 
sis are connected by a three-point mount 
to minimize heat leakage to the ground 
and also to limit the twisting stresses 
transmitted from the chassis to the pres- 
sure cabin as it moves over rough ter- 
rain. 

The Northrop design philosophy 
emphasizes that the vehicle is primarily 
a mobile laboratory rather than a trans- 
portation system. But a modular design 
approach has been used to enable 
NASA to replace the pressure cabin 
with some other payload so that the 
chassis can be used as an unmanned 
transporter for a variety of purposes. 
Aside from the chassis, all other LSV 
systems are derived from those used in 
the Apollo Command and Lunar Ex- 
cursion modules to minimize new en- 
gineering. 
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@ Novel suspension system—The 
most distinctive feature of the LSV is 
its walking-beam suspension. Northrop 
engineers claim that tests with one- 
sixth-scale models indicate it should 
have outstanding performance over the 
standard obstacles specified in Annex 
“G” of NASA’s MOLAB request for 
proposals. 

The eight-wheeled system has many 
of the advantages of an endless tank 
track over rough ground, along with 
somewhat greater locomotion efficiency. 
Like the tracked systems, it uses “scuff 
steering” whereby differential power is 
applied to the wheels on opposite sides 
and it can turn about its own center of 
gravity. 

On the basis of present information, 
Northrop favors wheels. But if new 
data revise current estimates of lunar 
surface characteristics, the walking- 
beam suspension can easily be adapted 
to tracks. 

Northrop has verified in scale-model 
tests that flexible wheels like those pro- 
posed by a number of aerospace com- 
panies are superior to rigid wheels for 
bad surfaces, but are less efficient on 
good surfaces. Engineers are now ex- 
perimenting with variable-rigidity wheels 
that can be matched to any surface, 

@ Steering system—The vehicle has 
four wheels on a side. Each wheel is 
powered by an independent, series- 
wound d-c motor. The front two are 


mounted on one beam and the aft two 
on another. Each beam is attached to 
the glass chassis by a center pivot. The 
astronaut-driver may let each beam ro- 
tate freely on its pivot or he can use 
power controls to drive it to a selected 
angle and lock it there. It amounts to 
a variable-configuration suspension that 
can be adapted to the terrain ahead. 

By driving the beams to a vertical 
position, the LSV can be given ground 
clearance equivalent to that of a vehicle 
with much larger wheels. Its relatively 
small wheels permit lower drive and 
braking torque requirements. With all 
eight wheels on the ground, its center 
of gravity is lower than that of a large- 
wheeled vehicle, offering better stability 
on rough ground. 

To traverse the side of a steep slope, 
the driver could use the walking beams 
on the down-hill side as jacks to level 
the floor and keep the overturning mo- 
ment within limits. Northrop engineers 
think it may be possible to lock the 
wheels and rotate the walking-beam con- 
tinuously to “crawl” through deep dust 
or sand. For most conditions, the sus- 
pension will be operated with the beam 
rotating freely on its pivot. 

Of the vehicle’s 7,000-lb. gross 
weight, Northrop charges only 823 Ibs. 
to the locomotion system, excluding its 
share of the hydrogen and oxygen used 
by the three Apollo fuel cells that supply 
current to the wheel motors and walk- 
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ing-beam motors. The rotating pressure 
seals for the motors are regarded as 
critical development problems. The au- 
tomatic speed and torque-sensing con- 
trols for the independent wheel motors 
are not expected to give any difficulty. 

@ Getting it there—NASA has 
specified that MOLAB is to be lowered 
to the surface of the Moon unmanned 
by a LEM descent stage between three 
months and six months before the ar- 
rival of its crew. During this period, it 
is to function at a low power level con- 
ducting limited experiments and collect- 
ing operational data to prepare for the 
arrival of the manned LEM, which will 
be the base of the mobile operations. 

At the end of this “dormant” phase, 
it is to be occupied by astronauts for 
14 days of extensive exploration. 

The Northrop LSV is designed to 
the payload limitations of Saturn V. The 
descent stage will fit comfortably within 
the LEM adapter. If weight-lifting capa- 
bility is increased, it will be possible to 
increase the length of the lab module 
without altering the adapter. 

The LSV has a maximum surface 
range of 400 mi. Since the LEM may 
land at some distance from the mobile 
lab, a substantial part of this range may 
be used to drive the lab to its crew by 
remote control. 

A television system and a compre- 
hensive guidance and navigation system 
aboard the lab provide steering infor- 
mation to the controller—who may be 
one of the astronauts in the LEM, the 
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One orbiting the Moon in the Command 
Module or an Earth-based controller in 
the Apollo ground operations support 
system. j 

The lab module on the LSV is 
mounted on the right side of the chas- 
sis and the three fuel cells and their 
tankage are on the left side. This ar- 
rangement simplifies plumbing, and 
weighs less than if the pressure cabin 
was centered and the other components 
mounted on either side. 

With the driver sitting on the left 
side of the cabin, he is located on the 
center line of the chassis. If manned 
descents are to be made in the LSV, 
the docking adapter must also be lo- 
cated on the left side of the cabin di- 
rectly over the center of gravity so that 
the docking impact will not send the 
vehicle tumbling. 

© Interior configuration—Northrop 
has designed the lab with two compart- 
ments, the smaller of which serves as 
an airlock for departing and returning 
astronauts. The small compartment has 
extra radiation shielding so that it can 
be used as a “storm celler” during solar 
flares. 

Wherever possible, the subsystems 
of the study vehicle have been located 
to provide some shielding against radia- 
tion and micrometeorite bombardment. 
Thermal radiators almost completely 
cover the top and left side. 

A useful feature of the Northrop 
LSV is a small airlock through which 
lunar samples can be passed for study 
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TOP LEFT: TV camera on remote-controlled one-sixth- 
scale model of Northrop’s Lunar Surface Vehicle is being 
used to evaluate astronaut visibility from MOLAB in sim- 
ulated Earthshine and sunlight on a model of lunar sur- 
face derived from Ranger VII photos. Model uses eight- 
wheeled Northrop “walking beam” locomotion system. 
TOP RIGHT: Northrop scientists Walter Kuehnegger (in 
spacesuit) and Dr. Howard Heglin simulate mission in 
full-scale mockup. LEFT: Artist’s drawings show division 
of cabin into two compartments—control station forward 
and airlock compartment in rear. Driving or vehicle con- 
trol station is forward and to left of cabin, putting driver 
on vehicle centerline. Mission control station is forward 
and to the right, next to driver. 


within the lab. When vented to the out- 
side, it can serve as a “vacuum work- 
shop” in the same way vacuum cham- 
bers do in Earth-bound labs. A remote 
manipulator enables astronaut selenolo- 
gists to collect specimens without leav- 
ing the lab. The vehicle’s weight sum- 
mary allows 600 lbs. for scientific equip- 
ment. 

© Lunar light considerations— 
Northrop is using LSV models on a rep- 
resentation of the lunar surface to de- 
termine what trouble the driver will 
have guiding himself by visual reference 
to objects and surfaces outside the lab. 
Floodlights and optical collimators sim- 
ulate illumination by the Sun and the 
Earth’s albedo. 

Preliminary results indicate that 
even in the latter case, lighting will be 
very harsh and objects in the shadow 
will be invisible. For operations in the 
intense light of the Sun, window filters 
will be needed and the high reflectivity 
of these is likely to require dimmed 
interior lighting when the lab is being 
driven. The Northrop lighting studies 
will also establish design parameters for 
the TV systems. 

Project officials at Northrop Space 
Labs estimate that they could deliver 
an LSV prototype within four years of 
go-ahead. If, as some observers expect, 
NASA elevates the MOLAB to full proj- 
ect status in early 1966, a Northrop 
LSV could be available for the second 
or third LEM descent to the Moon’s 
surface in 1970 or 1971. a 
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Eurospace Outlines Plans 
For Joint Aerospace Transporter 


Report recommends two-year, $6-million study to press 
‘unique’ opportunity; $100-million is total cost estimate 


GENEVA—Eurospace has issued its 
detailed report on the proposal for an 
all-European aerospace transporter and 
recommends further feasibility studies 
before any significant financial outlay is 
madc. 

The intra-European industrial organ- 
ization, with some U.S. associate mem- 
bers, has proposed that governments 
concerned allot about $6 million for a 
two-year feasibility study to determine 
the detailed nature of the project. 

“The magnitude and cost of such a 
project is such that only one solution 
can be finally considered, and this must 
be shown to be more fully technically 
justifiable than is possible in the present 
report,” the document said. 

“Tt is recommended, therefore, that 
under the sponsorship of the European 
governments concerned, perhaps, for 
example, within the framework of the 
European Launcher Development Or- 
ganization, a consortium of those inter- 
ested companies should be established. 
This group would exist outside the juris- 
diction of Eurospace, although that or- 
ganization would remain at its disposal.” 

Europe is now on notice by its own 
top-notch missile/space planners that 
time is growing short and that “. . . sim- 
ilar work is in progress in the U.S. and 
undoubtedly in the USSR and that any 
further delay will jeopardize this unique 
opportunity for Europe to enter the 
space field with its own firmly based 
technical policy.” 

These are the key elements in the 
58-page document intended as a follow- 
up to last year’s published proposals 
for an aerospace transporter utilizing 
horizontal takeoff techniques for plac- 
ing large payloads into space with re- 
coverable vehicles. 

@ Cost figures—Being devoid of 
projects of such magnitude, the plan- 
ners were hard put to come up with 
firm cost figures. However, based on 
U.S. X-15 experience, Eurospace feels 
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a figure of $100 million is reasonable 
over the length of the program, but is 
planning to take a harder look at this 
figure during the feasibility studies rec- 
ommended. 

Even the $6-million feasibility study 
figure is merely an estimate. “The precise 
figure involved would arise from the 
contractual negotiations.” 

In the report, Eurospace tried to 
allay the fears of a large and possibly 
fruitless expenditure for the studies by 
pointing out that, when divided among 
the participating countries, the figure is 
small. 

® Time scale—Taking into consid- 
eration the various vague and unde- 
termined aspects of the aerospace trans- 
porter, the industrial group feels a time 
scale of 10 to 15 years is realistic. 
Barring use of a single-stage configura- 
tion using either nuclear or air-scooping 
techniques, the report feels a staged 
LOX/hydrogen system is best, with 
simultaneous development of air-breath- 
ing systems recommended. 

Assuming this configuration, 
time scale of 10-15 years is given. 

In the development program involvy- 
ing all rocket engines, work on the hori- 
zontal catapult launcher and rocket en- 
gines would begin immediately after 
completion of the feasibility studies, 
with the rocket engine work taking at 
least six years. Powered flight would be- 
gin about four years after completion 
of the studies, with orbital flights begin- 
ning two years later. Final development 
phase would be rendezvous in orbit, 
commencing about eight years after 
completion of feasibility studies. 

In the development program in- 
volving an air-breathing first stage with 
horizontal takeoff, two alternatives are 
presented in the report: a Mach 4.5 
engine and a Mach 7 engine for the first 
stage. No catapult is included in the 
program, and engine development be- 
gins immediatcly after study comple- 


the 


tion, with this phase expected to last 
about 7 to 9 years depending on the 
engine velocity. 

First stage flight tests would begin 
about four years after initiation of active 
development, while rocket engines for 
upper stages would begin development 
about three years after study comple- 
tion. Flight testing to orbit is expected 
about eight years after studies are com- 
pleted for the Mach 4.5 engine and 10 
years for the faster version. 

® Missions—Trying to avoid dupli- 
cation of U.S. and Soviet work on ex- 
pendable rocket boosters, European ef- 
forts have been aimed at original think- 
ing in areas where no definite conclu- 
sions have been reached by either of the 
two space giants. Consequently, a 
manned Earth-to-orbit-and-return vehi- 
cle for personnel transfer has been se- 
lected as a first project. 

The official description of the aero- 
space transporter’s general reason for 
being is straightforward: “The aero- 
space transporter is essentially a type of 
Earth surface-to-orbit vehicle designed 
to carry reasonably physically fit per- 
sonnel (e.g., engineers, construction 
crews, scientists) without subjecting 
them to excessive strain and fatigue 
that would impair their efficient opera- 
tion.” No vehicle configurations are pos- 
tulated. 

Logistics is the greatest single justi- 
fication for the vehicle, says Eurospace, 
and even though it is conceivable that 
the major powers will make use of it, 
the development must be considered in 
a purely European context. Aside from 
logistics for serving space stations (or 
establishing them), the transporter is 
seen as useful for servicing and inspect- 
ing missions to satellites whose relia- 
bility has faltered. 

Other missions include the acquisi- 
tion of scientific data on such phenom- 
ena as solar eclipses, weather, upper 
atmospheric and ionospheric character- 
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istics to supplement data gathered by 
unmanned satellites. 

A subsidiary consideration in the 
report is use of the transporter for hy- 
personic transport between two points 
on the Earth’s surface without an or- 
bital flight. 

@ The joker—“As has been stated 
previously this concept as a civil design 
is considered to rely on the existence of 
a European space program to supply the 
necessary load requirements for its justi- 
fication. It is hoped, however, that a 
program for this period (1975-80) will 
soon be the subject of a special study.” 

With this statement, the report re- 
vealed the joker in the deck. 

Although not providing specific fig- 
ures for an estimated load requirement 
to service Europe’s needs, the report 
uses an order-of-magnitude approach 
based on an American source. Euro- 
space notes: 

“According to this reference, it can 
be expected that five years after the 
commencement of space operations the 
annual tonnage required would be of the 
order of 100 tons, while after 10 years 
it would be 1,000 tons; that is, an order 
of magnitude improvement after five 
years. These figures are, however, very 
provisional and are no substitute for a 
proper assessment of European require- 
ments.” 

The industrial report’s tone is one 
of: “Here’s what we can do, govern- 
ment; now how much backing can we 
get?” Obviously, political considera- 
tions, commitments to strictly national 
efforts, budget worries, and similar non- 
technical considerations will weigh more 
heavily than anything calculable on a 
slide rule. How well European govern- 
ments are prepared to back up their de- 
sires with action will be seen in coming 
months. 

@ Design features—The transporter 
is being contemplated on a basis of a 
presumed ability of placing 1.5 tons of 
transferable cargo/personnel in orbit. 
This figure excludes about one ton of 
fuel equivalent to a characteristic veloc- 
ity requirement of about 2,000 fps, as- 
suming a mass in orbit of about seven 
tons and a specific impulse of 430 sec- 
onds. 

In the chemical rocket configuration, 
use of present fuel combinations, design 
approaches and launch methods, would 
result in a vehicle the size of a Saturn 1C 
and an extensive Jaunching complex, 
says the report. It cites a figure of 10% 
mass ratio for the stages. For these rea- 
sons, as well as financial considerations, 
the approach was dropped. 

Other booster approaches for the 
chemical rocket phase include an 
advanced two-stage LOX/hydrogen 
winged vehicle, each stage of which 
' would be manned and recoverable. As- 
suming equal characteristic velocity in- 


crements and a structure ratio of 20%, 
this design would enter orbit with a mass 
of about 7% of its takeoff mass, a figure 
that includes the second stage dead- 
weight. 

Use of a catapult, the Eurospace re- 
port says, would increase this mass ratio 
to about 8%, if the catapult could im- 
part 1,000 ft/sec to the vehicle at take- 
off. 

® Booster recovery—In a choice be- 
tween passive recovery via parachute 
or paraglider, or active recovery via 
a piloted booster recovered at an air- 
field, Eurospace has leaned 90% in the 
direction of the latter. This is one of 
the questions to be answered by the rec- 
ommended feasibility study, but the only 
unanswered question seems to be the 
cost of developing a manned recover- 
able booster versus the Jess-desirable but 
cheaper parachuted variety. 

Without question, the hope is to 
launch and recover the vehicle within 
Europe rather than have a long trek to 
either Australia or another remote site. 

@ Booster alternatives—Although 
citing a single-stage system (nuclear, for 
example) as the ideal, no serious ex- 
pectation is voiced that these will ap- 
pear in the time period under considera- 
tion. Instead, development of an air- 
breathing propulsion system for first 
stage Operation is urged, with second 
stage separation occurring at about 
Mach 7. Fuel would be kerosene, and 
takeoff would be vertical, inclined or 
horizontal, with the last method most 
likely. 

’ A number of research laboratories 
are carrying out work in the field of 
high-Mach-number engines for atmos- 
pheric operation, and an answer con- 
cerning optimum speeds, designs, and 
efficiencies within the next decade will 
aid the final choice. As presently out- 
lined, the transporter would have its 
air-breathing engine topped by two 
rocket stages burning LOX/hydrogen. 

Present state-of-the-art would permit 
design and use of an engine operating 
at Mach 4.5 to 5, the report says, but 
for greater speeds more data would be 
needed on intake and nozzle aerody- 
namics, combustion under the antic- 
ipated conditions, and materials. 

Possibilty of developing a turbo- 
rocket with second stage separation at 
Mach 4.5 has also been considered, 
again with all stages burning LOX/ 
hydrogen except the first stage, a kero- 
sene unit. Mass in orbit with this design 
would be about 5.5% of the launch 
mass, compared with the 7.5% figure 
for the Mach 7 air-breathing engine. 

The Mach 7 engine figures assume 
a first stage structure mass ratio of 30% 
and a mass ratio of 15% for the stages. 

@ Manned aspects—Maintenance of 
a satisfactory environment, integration 
of man into the vehicle system, and pro- 
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vision of safety and survival equipment 
are all spelled out as areas requiring spe- 
cific attention in the feasibility studies 
recommended in the report. 

On the subject of cabin atmosphere, 
100% oxygen appears the initial choice 
for short missions, and a mixed gas for 
longer missions, although these also are 
subject to later confirmation. 

On his role in the system, man is 
considered by the Eurospace report to 
be either a payload for servicing orbiting 
satellites manually, or as an integral part 
of the vehicle system. Considerable hu- 
man engineering is expected to be re- 
quired on all aspects of this man-ma- 
chine integration question. 

©® Re-entry and landing—Maximum 
equilibrium surface temperatures fore- 
seen as a design objective are about 
2,000°C in the stagnation region and 
about 1,400°C on the average. The ef- 
fects of banking, says the report, are 
such that at a 45-degree bank (corre- 
sponding to maximum lateral range) the 
heating would increase about 20%. For 
a glide re-entry at small angles with an 
L/D of about two, the maximum input 
rate would be somewhere around 35 
Btu/sq.ft./sec with a total heat input 
of about 80,000 Btu/sq.ft. 

Various assumptions used in obtain- 
ing these figures are subject to later con- 
firmation and elaboration through re- 
search and development. 

Deceleration upon re-entry is ex- 
pected to be limited to about 1.5 g, 
based on the anticipated length/diam- 
eter relationship. 

Landing footprint has not, of course, 
been determined yet, but with an L/D 
ratio expected to be in the neighborhood 
of 2.0 to 2.5, this would yield a lateral 
range up to 2,500 miles, with longitudi- 
nal range dependent largely upon re- 
entry velocities. 

@ Configuration—Basic outlines of 
the re-entry vehicle are given by the 
Eurospace report as follows: 

“The re-entry vehicle configuration 
would probably have a flat undersurface 
design suitable for radiation cooling, op- 
erating at high angles of attack and well 
suited to low landing speed require- 
ments. The wing would be of low aspect 
ratio with thick blunt surfaces to meet 
landing conditions, operating at low 
speeds with a large area of separated 
flow. The requirements for leading edge 
and nose are conflicting, varying from 
fairly sharp to improve hypersonic 
(L/D) max, radiused from the heating 
viewpoint and rounded to meet sub- 
sonic requirements. 

“Wing loadings of the order of 30- 
50 lbs./sq.ft. or less should be possible 
with an L/D max. of 2.0-2.5. Control 
problems associated with maintaining 
effectiveness over the speed and altitude 
range of flight might call for some vari- 
able geometry.” | 
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NAA Building ‘Largest’ Centrifuge 


Relatively low-cost simulator, to be finished at SISD by June, 


will have four-man capsule for 30-day tests; second capsule to be added 


CONSTRUCTION is about to begin 
on what North American Aviation, Inc., 
claims will be the world’s largest and 
most versatile simulator of the stresses 
upon human subjects of prolonged rota- 
tion in an artificial gravity spacecraft. 
It is to be completed and in service at 
NAA’s Space & Information Systems 
Div., Downey, Calif., next June. 

The centrifuge-like facility will con- 
sist of a four-man capsule capable of 
carrying food and water for tests lasting 
up to 30 days. The designed capsule can 
be placed at various distances from the 
hub of the 75-ft.-radius beam upon 
which it is mounted. At first, a variable- 
weight concrete and water mass will be 
carried on the opposite beam to counter- 
balance the weight of the manned cap- 
sule. However, NAA plans to install 
another capsule there later so that two 
sets of subjects can be tested at once. 

Hydraulic jacks outboard of the cap- 
sule will be used to bank it at angles up 
to 30 degrees so that the apparent grav- 
ity vector can be made perpendicular to 
the floor at various radii and rates of 
rotation. It is not intended to produce 
high accelerations; the design limit is 2g 
radial. The present experimental plan 
calls for a maximum of only 1.4 g for 
the resultant of radial and vertical 
forces. 

The 75-ft. radius was selected be- 
cause preliminary conclusions indicate 
that it may be the smallest physiologi- 
cally acceptable; spacecraft cost consid- 
crations dictate that radius of rotation 
should be as small as possible. One goal 
of the first behavioral studies scheduled 
for the facility is to determine whether 
work tasks, operating techniques and 
training methods can be revised to make 
smaller spacecraft acceptable. There are 
plans to lengthen the beam semispan 
(radius) to 125 ft. at some time in the 
future, in order to study the opportuni- 
ties and problems created by increasing 
the size of spacecraft. 
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@ Low cost—The Rotational Re- 
search Facility, as it is called, is being 
paid for with money from NAA tech- 
nical overhead—and at relatively low 
cost. The price has been set at $430,000 
in the initial configuration. Total weight 
of structure in the facility will be about 
300,000 lbs. The capsules are fuselage 
sections from surplus Air Force KC-97 
tankers. The Air Force let NAA have 
them for shipping charges, thereby say- 
ing about $20,000 per capsule. 

To collect information on which to 
base the design of the equipment and 
plan the experimental program, North 
American first ran a couple of three-day 
experiments at low speed on the small, 
23-ft.-radius manned centrifuge of the 
University of Southern California. The 
first experimental program with the new 
facility will be a company-funded series 
of nine seven-day tests. 

@ Hazard to vision—The first pro- 
gram is to measure psycho-physiological 
ability to perform tracking and monitor- 
ing tasks in a rotating spacecraft and to 
see what effect rotation has upon the 
powers of vision. 

In the brief preliminary tests at USC, 
a subject who had apparently adapted 
to rotation quickly and well attempted 
to read a book and began to vomit after 
20 minues. He was a former Marine 
Corps aviator and highly motivated, 
qualifications which usually correlate 
with good tolerance of this type of stress. 
The single test is no basis for a con- 
clusion but NAA investigators believe 
it marks an area for research. 

The USC tests indicated that, in gen- 
eral, people do adapt to rotation. One of 
the main biomedical goals of the NAA 
program will be to establish normal rates 
of adaptation and the effect upon them 
of design factors such as rate and radius 
of rotation. It is still possible at this 
stage of the game to make trade-offs be- 
tween mission plans and hardware de- 
sign. It would be a mistake to make the 


astronaut workload too heavy when ad- 
aptation is incomplete. If critical events 
cannot be postponed, it would indicate 
a need for automatic equipment. NAA 
will also study the effectiveness of symp- 
tom-preventing drugs. 

@ Coming back—The preliminary 
runs suggest that readaptation to non- 
rotation occurs within two or three 
hours, but is accompanied by some of 
the unpleasant symptoms of the original 
adaptation. The exact nature and dura- 
tion of these and the factors that may 
modify or amplify them will receive at- 
tention at the NAA facility. Readapta- 
tion is an important area of study be- 
cause in an emergency escape or in a 
ferry operation astronauts very probably 
would be in the process of readapting. 
If the symptoms are serious and uncon- 


trollable, the hardware for these pur-— 


poses would have to function auto- 
matically. 

One of the physiological phenomena 
of interest to experimenters is the “ocu- 
logyric effect.” It is familiar to military 
pilots, who know that if one turns his 
head toward another airplane in a forma- 
tion he will unconsciously tend to turn 
his aircraft in the same direction. The 
experienced pilot has learned to com- 


pensate for the effect without thinking” 


about it or to avoid such head move- 


ments. It remains to be seen whether 


this will work in a rotating spacecraft. 

® Coriolis effect—A major unknown 
to be evaluated is the Coriolis effect, an 
apparent force produced by the fact 


that when an object is moved from one 


point toward another in a rotating field, 


the target swings away from its original | 


position as the object is en route. Thus, 
anything moved about in a rotating 
spacecraft will tend to move in a curved 
line with respect to everything tied down 
in the spacecraft. A seated man attempt- 
ing to rise will feel a tendency to leap 
headlong at the wall. It could also upset 
the mechanism of balance in the inner 
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ear as the astronauts attempt to move 
about the spacecraft. 

NAA experimenters will face a fa- 
miliar difficulty of space simulation: the 
simulator cannot be freed of Earth grav- 
ity. The body axes of subjects will not 
be parallel to the plane of rotation, as 
they would be in an actual space sta- 
tion. Because of this, Coriolis force 
sensed in the inner ear of a subject will 
not vary with radius and rate in the same 
way that it would in a space station. 
NAA is about to begin a computed pro- 
gram to calculate the relationship be- 
tween Coriolis force at the inner ear and 
the radius and rate set up in the Rota- 
tional Research Facility. It will then be 
possible to correlate results directly with 
the apparent force. 

Since the capsules are straight tubes, 
the radius of rotation at the ends is 
greater than at the center, particularly 
when the capsule is positioned close to 
the hub for short radius runs. The ideal 
shape would be a tube curved to match 
the circle it travels. The gradient in the 
simulated gravity produced in straight 
sections could be a hazard to the validity 
of the data but it can also be converted 
to an advantage. 

Biomedical experts are concerned 
about possible cardiovascular effects of 
gravity gradients. With the straight cabin 
they can place an experimental subject 
at one end and a control subject in the 
center to determine whether the slight 
difference in radius produces a measur- 
able effect. Since radial acceleration pro- 
duced by the facility can be controlled 
within 0.01g and speed can be controlled 
within 0.4%, it should be possible to 
evaluate small variations. 

@ Second capsule thoughts—Facil- 
ity engineers are considering a stepped 
floor for the second capsule and the 


positioning of equipment and storage 
spaces so that the inhabitable area is all 
at an approximately equal distance from 
the hub. A sealed cabin and other fea- 
tures of a true spacecraft are also under 
consideration for the second capsule, so 
that the cumulative effects of other 
stresses of space travel can be imposed 
in controlled combinations. 

No firm decisions have been made 
on these installations because project 
personnel still have to go through the 
cost trade-offs. Installation and removal 
of equipment to meet varying experi- 
mental requirements is a relatively 
simple matter, because of the large cargo 
hatch in the KC-97 fuselage sections. 

Since the weight of the payloads can 
range widely, Rucker Co., the facility 
construction contractor, designed a mod- 
ular electric-hydraulic drive that can be 
matched to the power requirement by | 
varying the number of 50-hp. motor- | 
pump modules grouped at the foot of | 
the support mast. Up to 16 may be in- | 
stalled for a maximum of 800 hp. | 
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TACTICAL MISSILES 


Extensive activity in the development of tactical missiles offers a 
variety of opportunities to engineers and scientists. Specifically, 
these opportunities are in the following fields: 


MISSILE AERODYNAMICS 


Conduct analytical and experimental studies to determine basic 
aerodynamic characteristics of advanced tactical missile designs. 
Establish propulsion system requirements using estimated aero- 
dynamic characteristics. 


FLIGHT DYNAMICS 


Initiate and conduct advanced analyses in flight dynamics and 
dynamic behavior of closed loop systems with the aid of analog 
computers and dynamic flight simulators for determining 
advanced tactical missile design requirements. 


DESIGN INTEGRATION 


Conduct preliminary design integration studies including 
interface compatability, logic, information flow and power dis- 
tribution. Conduct preliminary vehicle sizing with a working 
knowledge of trajectory analyses, propulsion performance and 
component design. 


VIBRATION AND FLUTTER 


Conduct vibration and flutter analyses of advanced tactical 
missile configurations. Develop advanced analytical techniques 
for determining vibration and flutter characteristics. 


PROPULSION 


Originate and conduct analyses of advanced tactical missile 
propulsion system including solid, liquid and hybrid rocket 
engines and air breathing systems. Investigate new propulsion con- 
cepts and determine applications for advanced tactical missiles. 


GROUND SYSTEMS 


Formulation of requirements and preliminary system design 
of automatic and semi-automatic electronic checkout equipment 
for missile and ground systems. Determine requirements for mis- 
sile handling and service equipment including mechanical, elec- 
tromechanical, electrical, and fluid systems. 


ORDNANCE 


Perform analysis, preliminary design and integration of war- 
heads and conceptual mechanizations for fuzing systems for non- 
nuclear and nuclear warhead systems. 


FLIGHT MECHANICS 


Initiate and conduct studies to develop methods for determin- 
ing the trajectory which maximizes a desired trajectory character- 
istic for a given set of constraints. Requires a strong background 
in mathematics, including a working knowledge of the calculus 
of variations, gradient methods, and dynamic programming. 


To arrange to visit our plant and discuss our programs, please 
write to: Mr. J. H. Papin, North American Aviation, Inc., 4300 
East Fifth Avenue, Box MR-698, Columbus, Ohio 43216. 


All qualified applicants will receive consideration for 
employment without regard to race, creed, color or national origin. 


COLUMBUS DIVISION 2s NORTH AMERICAN AVIATION 
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What do you do 

when they start taking 
your latest breakthrough 
to the Smithsonian? 


® 
Smile. You know that the one you’re working on now 
is likely to end up in the same place. 


Beating the re-entry heating problem is a case in point. The 
data capsule from the first heat shield Mark 2 nose cone was 
a museum piece 11 months after it had been recovered. Yet 
ablation techniques had already been carefully explored, pav- 
ing the way for what happened next —the successful recovery 
of the RVX-1 within the year. Now they’re both in the Smith- 
sonian...plus a couple of others. 


So it goes in the re-entry systems business at General Electric. 


The road ahead is even tougher. For one thing, ballistic mis- 
sile weapons must perform more complex missions. For 
another, the General Electric re-entry drive is not confined to 
ballistic flights. Early in the business, using the Mark 2 as a 


laboratory, we began gathering important scientific informa- 
tion. Then our Nuclear Emulsion Recovery Vehicle (NERV) 
explored deep into the Van Allen Belt. There was the Dis- 
coverer program, resulting in the world’s first successful 
recovery from orbit. We're working currently on the Bio- 
satellite. Studies of maneuverable returo-trom-orbit re-entry 
vehicles are under way. Not far into the next generation lies 
the development of re-entry systems technology to the stage 
of multi-place ferries and space station taxis. We're thinking 
about them now. 


Technically challenging assignments for engineers and scien- 
tists in: aeroelasticity O aerodynamics O nuclear physics 0 
exobiology O kinetics 1 systems simulation O systems anal- 
ysis O structural design O actuation devices 0 weight control 
O vehicle arrangement...and other engineering and scien- 
tific areas. 


If your interests are in the same direction, please write full details, including salary requirements, to: Mr. Dan Nauer, Re-Entry 
Systems Department, Section 1111-U,General Electric Company, 3198 Chestnut St., Philadelphia, Pa. 


GENERAL @@ ELECTRIC 


USS. Citizenship required 


An Equal Opportunity Employer 
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Mergers and Acquisitions 


Computer Sciences Corp., El Segundo, Calif., 
has announced plans to acquire two subsidiaries 
of International Telephone and Telegraph Corp., 
ITT Communications Systems, Ine., and ITT 
Inteleom, Inc. The two ITT operations will con- 
tinue in their present activities as wholly owned 
subsidiaries of CSC, along with Documentation, 
Ine., another recent CSC acquisition (M/R, Nov. 
9, p. 47). ITT Communications Systems, Inc., 
headquartered in Paramus, N.J., has been per- 
forming management specialist and systems en- 
gineering work for the Air Force and Dept. of 
Defense. ITT Intelcom, Inc., Falls Church, Va., 
performs engineering and systems management 
services in the field of communications satellites. 
ICS and Intelecom personnel are to be retained 
in their present positions. . . . Nuclear Data, 
Inc., Palatine, Ill., has acquired Instrument and 
Development Products Co. of Chicago. ND de- 
signs and manufactures multichannel analyzers 
and signal averaging digital computers with ap- 
plications in nuclear physics, electrophysiology, 
spectroscopy, radar astronomy, and other sci- 
entific areas. I&D P makes automatic sample 
changers for counting beta and gamma samples, 
nuclear counting instruments, specialized stands 
for positioning detectors in diagnostic medical 
studies, lead shields and manual sample changers 
for use with scintillation detectors. The acquisi- 
tion is an effort to expand the product line in the 
nuclear instrumentation field. . .. Teledyne, Inc., 
Hawthorne, Calif., will buy United ElectroDy- 
namics, Inc., Pasadena, Calif., a firm engaged 
in the seismology and geophysics fields. .. . 
General Precision Equipment Corp., Tarrytown, 
N.Y., has reached agreement to acquire for 
417,583 shares of its common stock EDO Corp. 
of College Park, N.Y. EDO designs and manu- 
factures electronics equipment, specializing in 
the fields of LORAN and undersea navigation, 
sonar and underwater acoustics. . . . Glass-Tite 
Industries, Inc., Meadville, Pa., has signed an 
agreement to purchase for an undisclosed amount 
of cash Dytronics, Inc., of Leesburg, Ind., a manu- 
facturer of a patented line of stamped metal 
circuits. 


New Activities 


Union Carbide Corp., New York City, has 
formed a new Electronics Department, the man- 
ager of which will be responsible for the Kemet 
Dept., the Crystal Products Dept. and two UC 
subsidiaries, the Korad Corp. and Data Systems, 
Ine. Kemet produces electron tube “getters,” 
solid tantalum capacitors and n- and p-channel 
field effect transistors, amplifiers and integrated 
circuits. Korad Corp. develops and markets laser 
equipment; Data System, develops and markets 
computer industrial control units. . . . Digitronic 
Corp., Albertson, N.Y., has formed a new OEM- 
Industrial Div. to handle sales of its digital sys- 
tems and components, including the company’s 
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tape readers and tape handlers, Dial-o-verter 
terminals and systems and Data-Verter systems. 
The division will also offer a custom-built compo- 
nent service which will develop special hardware 
to cover a variety of systems applications. ... 
Super-Temp Corp. Santa Fe Springs, Calif., has 
established Metallurgical Services Laboratories 
to provide industry a wide range of testing, 
quality control and consultation services on a 
long-range contract or per job basis. MSL offers 
extensive studies in heat treatment, brazing, 
process development and process feasibility, in 
addition to materials testing. 


Missile/Space Facilities 


Lockheed Propulsion Co., Redlands, Calif., 
is nearing completion on a new cast-and-cure 
station at its Potrero Production and Test Fa- 
cility. The station is value-engineered to reduce 
the time required and the need for heavy equip- 
ment to handle 156-in.-dia. motor segments, which 
weigh more than 100 tons when loaded with 
propellant. . . . Defense Electronics, Inc., has 
consolidated the activities of its five operating 
plants in a new 85,000-sq.-ft. building in Rock- 
ville, Md. Cost of the new facility is $1 million. 
DEI manufactures products for use in telemetry 
and space communications. . . . Honeywell, Inc., 
is to begin construction soon on a 65,000-sq.-ft., 
multi-million-dollar electronics facility near 
Tampa, Fla. Work at the plant is to involve 
manufacture of “new types of electronic systems 
and components of several types requiring fa- 
cilities not now existing within Honeywell.” 

Parker-Hannifin Corp., Cleveland, plans 
to build two new facilities, one in Lewisburg, 
Ohio, and the other at Plymouth, Mich. The 
3,000-sq.-ft. Lewisburg plant is part of an ex- 
pansion of the Parker Fittings and Hose Co. 
Div. The Michigan building will serve as a ware- 
house and service center for Parker-Hannifin 
industrial fluid system products marketed in the 
Detroit area. The Cleveland-based firm is a major 
manufacturer of hydraulic, pnuematic and fluid 
system components for industrial, aerospace and 
consumer applications. 


Company Representatives 


Loral Electronic Systems, The Bronx, N.Y., 
has appointed two new manufacturer’s represent- 
atives to handle its line of solid-state microwave 
filters and amplifier devices. The firms are Space- 
tronics Co., Dallas, and Burgin-Kreh Assoc., 
Towson, Md., and Philadelphia. .. . IMC Mag- 
netics Corp., Westbury, N.Y., has appointed 
Berndt & Klein Associates, Inc., Chicago, engi- 
neering sales representatives for Illinois, Wis- 
consin and Iowa. B&K will handle IMC standard 
and step-servo motors, solenoids, synchros and 
related devices. ... Branson Corp., Whippany, 
N.J., has named Elsner-Rambo Co., Los Angeles, 
to handle California and Arizona sales of its line 
of magnetic relays and timing modules. 
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—tontracts and procurements 


AWARDS 


AIR FORCE 


$10,650,000—Radio Corp. of America, Moores- 
town, N.J., for modification of the Ballistic 
Missile Early Warning System (BMEWS). 

$6,489,819—U.S. Underseas Cable Corp., Wash- 
ington, D.C., for fabrication and installation 
of a communications cable linking Hawaii and 
Johnston Island in tbe South Pacific. ; 

$3,500,000—McDonnell Aircraft Corp., St. Louis, 
first part of a $40-million contract for a 
feasibility study of a boost-glide re-entry ve- 
bicle. 

--Space-General Corp., El Monte, Calif., 

ee rabrleat ts assemhly and cbeckout of 
space vehicles. ; 

$2,218,416—Allied-Shaffer, South Gate, Calif., for 
bardened communications antenna facilities at 
Malmstrom AFB, Mont. 

$2,200,000—General Precision, Inc., Little Falls, 
N.J., for flight-feasibility test program on a 
stellar inertial guidance system. 

$1,900,000—International Business Machines Corp., 
New York City, to install a computer system 
at tbe Air Force Cambridge Research Labora- 
tories for support of basic and applied re- 
search programs in tbe physical and environ- 
mental sciences. 

$1,550,000—The Hiallicrafters Co., Chicago, for 
penetration aids development. 

$759,000—The Hallicrafters Co., Chicago, follow- 
on for a classified program. 

$83,000—Bissett-Berman Corp., Santa Monica, 
Calif., for experimental R&D contract to in- 
vestigate the optical properties of | various 
materials and to develop fast, passive, pro- 
tective optical filters. 

$49,000—Allegany Instrument Co., Cumberland, 
Md., for electronic instruments. 

$40,000—Hughes Aircraft Co., R&D Diy., Cul- 
ver City, Calif., for research for tbermophoto- 
tropic temperature control coatings for the 
space environment. 

$39,884—General Electric Co., Missile and Space 
Div., Valley Forge, Pa., for investigation of 
the effects of molecular contaminants on RF- 
induced plasma sbield propagation. 

$34,079—Space-General Corp., El Monte, Calif., 
for sounding rocket vibration studies. 


ARMY 


$7,515,212—Phileo Corp., Newport Beacb, Calif., 
incremental funding for Shillelagh researcb and 
development. 

$5,600,000—Philco Corp., Newport Beach, Calif., 
for Shillelagh production engineering services. 

$1,946,000—Rohn and Haas Co., Redstone Arsenal 
Research Div., Redstone Arsenal, Ala., for a 
program of exploratory design and development 
of solid and hybrid rockets and propulsion. 

$1,400,000—General Dynamics Corp., Pomona, 
Calif., for FY 1965 Redeye research and de- 
velopment program. 

$700,000—Infrared Industries, Inc., Santa Barbara, 
Calif., for production of electro-optical devices 
for Redeye. 

$453,296—Keeling Bros. Construction Co., Richard- 
son, Tex., for Nike-X Sprint launch facility at 
White Sands Missile Range. 

$370,000—ITT Federal Laboratories, Nutley, N.J., 
for Type 11 Satellite. 

$135,000—Philco Corp., Aeronutronic Div., New- 
port Beach, Calif., for 12-month range study 
at Kwajalein test site for Nike-X project office. 

$92,895—Raytheon Co., Andover, Mass., for re- 
plenishment repair parts for Hawk missile 
system. 

$40,205—Hughes Aircraft Co., Fullerton, Calif., 
for Nike-Hercules radar feasibility study. 

$32,656—Northrop Corp., Anaheim, Calif., for 
remanufacture and update of Hawk loader- 
transporter. 

$30,130—Northrop Corp, Anaheim, 
engineering services for Hawk 
porter. 

The Hicks Corp., Asheville, N.C., for M30 rocket 
motor case and gas generator (amount un- 
disclosed). 
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Calif., for 
loader-trans- 


NAVY 


$4,958,062—Hercules Powder Co., Wilmington, 
Del., for research and development on second- 
stage Polaris motors. 

$2,093,750—North American Aviation, Inc., Can- 
oga Park, Calif., for continued work on rocket 
motors for Shrike air-to-ground missile. 

$750,000—Fairchild Camera and Instrument Corp., 
DuMont Lahoratories, Clinton, N.J., for sub- 
marine radar equipment. 

$623,000—North American Aviation Corp., Rocket- 
dyne Solid Motor Div., McGregor, Tex., for 
solid-propellant gas generators for Tartar and 
Terrier missiles. 

$95,000—Bunker-Ramo Co., Defense Systems Div., 
Canoga Park, Calif., for a bybrid computer 
study tbat may lead to definition of standard 
Navy computer of the future. 


NASA 


$2,600,000—Lear Siegler, Inc., Santa Monica, 
Calif., follow-on contract for electronic sys- 
tems for tbe Marshall Space Flight Center. 

$1,000,000—Computer Applications, Inc., New 
York City, for off-site computer programming 
services. 

$383,500—Martin Marietta Corp., Denver, for 
development of advanced light pressurization 
system for current Apollo service propulsion 
system. 

$365,000—Ling-Temco-Vought, Inc., Dallas, to 
test Apollo and Gemini prototype space suit 
assemblies wbicb include pressure suits and 
life-support systems under extreme beat and 
cold conditions in a vacuum. 


$355,000—McAlester & McQuinn Construction 
Co., Huntsville, Ala., for installation of acti- 
vation hardware on Saturn static test facility 
at Marsball Space Flight Center. 

$284,112—Geophysics Corp. of America, Bedford, 
Mass., for investigation of tbe dynamics and 
physics of the ionosphere at bigh latitudes. 


$199,838—The Boeing Co., Aero-Space Div., Seat- 
tle, for a study of the operational aspects of 
mission requirements of lifting systems. 

$196,709—TRW Space Technology Lahoratories, 
Redondo Beach, Calif., for a trajectory study 
for advanced lunar missions. 

$145,374—The Boeing Co., Seattle, for analysis 
of experimental aerothermodynamic data ob- 
tained during tbe X-20 program. 

$93,000—Martin Marietta Corp., Baltimore Div., 
Baltimore, for development of lunar hand tools. 

$71,705—Ling-Temco-Vought, Inc., Dallas, for a 
study of an unguided solid-fuel rocket vehicle 
with solar-orbital capahilities. 

$60,269—Stanford Research Institute, Menlo Park, 
Calif., for studies to determine information re- 
quirements for guidance and control system. 

$49,000—International Business Machines Corp., 
Federal Systems Div., Bethesda, Md., for com- 
puter programming services. 

$48,570—Lockheed Aircraft Corp., Burbank, Calif., 
for a light fon mass spectrometer experiment, 
associated equipment and support for OGO-E. 

$44,875—Vego Precision, Vienna, Va., for a radar 
transponder. 

$40,000—Union Carhide Corp., Carhon Products 
Div., Parma, Ohio, for high-temperature pro- 
tective coatings for refractory metals. 

$39,995—Melpar, Inc., Falls Cburch, Va., for a 
gas chromatograph instrument. 

$27,000—University of Texas, Southwestern Medi- 
cal School, Dallas, for a biosatellite project 
experiment on the influence of zero-gravity on 
isolated human cells. 

$26,610—Thiokol Chemical Corp., Elkton, Md., 
for rocket motors. 

Cosmic, Inc., Washington, D.C., for the develop- 
ment of a charged particle source for an elec- 
tric propulsion engine (amount undisclosed). 


INDUSTRY 


$2,300,000—Simplex Wire and Cable, Newington, 
N.H., from U. S. Underseas Cable Corp., 
Washington, to provide cable for the communi- 
cations project linking Hawaii and the Jobnston 
Islands in the South Pacific undertaken for the 
Air Force. 


$550,000—Textron Inc., Bell Aerosystems Co., 
Buffalo, N.Y., from The Boeing Co., Seattle, 
to build rocket propellant tanks for the camera- 
carrying Lunar Orbiter spacecraft. 


$455,000—Thiokol Chemical Corp., Astro-Met 
Div., Bristol, Pa., from the Sandia Corp., Al- 
buquerque, N.M., to build 48 Tomahawk sound- 
Ing rocket vehicles and associated equipment. 


$165 ,000—Electro-Optical Systems, Inc., Pasadena, 
Calif., from General Precision, Inc., Link Div., 
Palo Alto, Calif., for design and construction 
of a data recovery subsystem for a Space- 
craft television ground data-handling system 
to support the Surveyor project. 


$175,000—Swedlow Inc., Garden Grove, Calif., 
from Hercules Powder Corp., Bacchus, Utah, 
for an undisclosed number of reinforced plastic 
Tocket nozzle thrust terminators for the Air 
Force Minuteman ICBM (amount undisclosed). 
Allis-Chalmers, Milwaukee, from North American 
Aviation, Rocketdyne Div., Canoga Park, Calif. 
for equipment to be used in a spin test pit. 


REQUESTS FOR BIDS 


GENERAL PROCUREMENTS 


NASA Manned Spacecraft Center 
General Research Procurement Branch 
2101 Webster-Seabrook Road 
Houston, Texas 77058 

Attn: Hilda Bolling 


Program to determine by means of a con- 
trolled experiment using a byper-velocity ballistic 
range the ionizing efficiency of artificial meteors, 
one atudy. RFP BG751-28-5-231P, due date Dec. 


NASA Manned Spacecraft Center 
General Research Procurement Branch 
2101 Webster-Seabrook Road 
Houston, Texas 77058 

Attn: Hilda Bolling 


Negotiations will be conducted with Midwest 
Research Institute, Kansas City, Mo., for develop- 
ment of a computer program for determining the 
absorbed incident external thermal radiation to the 
Apollo spacecraft. For information only; RFP 
not available. 


Purchasing Office 
George C. Marshall Space Flight Center 
Huntsville, Alabama 35812 


NASA proposes to issue RFQ 2-5-01-04146-01 
on or about Nov. 18, 1964, with a period of tbirty 
days to be allowed for submission of proposals. 
Contractor must furnish labor, materials, equip- 
ment and facilities for the fabrication, assembly, 
inspection and testing of three each Saturn S-1C 
stage transporters complete with wheel units, 
wheel unit actuators and control system. 


NASA Manned Spacecraft Center 
General Research Procurement Branch 
2101 Webster-Seabrook Road 

Houston, Texas 77058 

Attn: Hilda Bolling 


Negotiations will be conducted with Beckman 
Instruments, Inc., Fullerton, Calif., for a standard 
product dextir data acquisition system. For infor- 
mation only, RFP not availahle. 


National Aeronautics and Space Administration 
Headquarters 
Wasbington, D, C. 

Launch vehicle-oriented programming and com- 
puter services. NASA is negotiating witb C.E.I.R. 
Inc., Arlington, Va. For information only, RFP 
not available. 


George C. Marshall Space Flight Center 
Huntsville, Alabama 35812 


Research study in the man-rating of Saturn 
launch vehicle system will be negotiated by the 
center witb the Goodyear Aerospace Corp. for the 
continuation of a previous contract. For infor- 
tion only, RFP not available. 
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New Product of the Week: 
Solid-State Receiver 


A solid-state telemetry receiver, said 
to be virtually free of spurious signals 
and offering an order of magnitude im- 
provement in strong signal handling 
capabilities, has been introduced by 
Defense Electronics, Inc. 

The TR-711 is modular in construc- 
tion and can be supplied with a com- 
plete complement of plug-in modules. 
These include: RF tuning units from 


100 to 2,300 mc; IF amplifiers with 
10-ke to 3.3-mc bandwidths; AM, FM 
and phase demodulators and a spec- 
trum display unit. Any combination of 
modules can be utilized. 

A Tear apron 30-mc IF input con- 
nector allows the device to be used as 
a 30-me “receiver” in conjunction with 
any tuning unit or device having a 30- 
mc output frequency. 


Cirele No. 181 on Subscriber Service Card 


Antenna Feed 


Jasik Laboratories, Inc., has de- 
veloped a multiple-function antenna 
feed which combines telemetry transmit, 
receive and radar tracking into a single 
unit. 

The Model 283 operates in the 1.7 
to 2.95-gc band. It uses a noncontact- 
ing rotary joint which incorporates an 
isolation choke to shield stainless steel 
support bearings.. The telemetry trans- 
mit has power up to 10 kw in the 1.7 
to 1.85-gc band. In the receive mode, 
the passive track has a crossover level 
of approximately 1.0 db in the 2.2 to 
2.3-gc band. With the radar track, 
power is up to 1.0 megawatt peak, 500 
watts average (active). Crossover level 
is approximately 1.25 db. When used in 
a radome, the system may be sealed and 
pressurized to 15 psig. 


Circle No. 152 on Subscriber Service Card 


Frequency Converter 


A three-phase frequency converter, 
measuring 14 in. high, has been intro- 
duced by CML, Inc., a subsidiary of 
Tenney Engineering, Inc. 

The Model T2500A is rated at an 
output of 2,500 va. Frequency range is 


45 to 6,000 cps. The unit is available 
with plug-in oscillators in fixed or ad- 
justable frequencies. Output is adjusta- 
ble from 0 to 125v, Y or A. Response 
time is 50 microsecs. 


Circle No. 153 on Subscriber Service Cord 


Shielding Material 


Reactor Experiments, Inc., is mar- 
keting a line of polyethylene-boron 
bricks, especially designed to shield 
against high thermal neutron fluxes. 

The bricks have a specific gravity 
of approximately 0.92 g/cc and con- 
tain the equivalent of 5 weight percent 
of boron in the form of a boron com- 
pound. A 4-in. thickness of this ma- 
terial will attenuate thermal neutrons 
by a factor of approximately 2 x 10°. 
The bricks are available in standard 
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sizes of 2x4x8 in. and 4x6x8 in. Other 
sizes and percentages of boron are 
available on special order. 


Circle No. 184 on Subscriber Service Cord 


Code Generator 


A group of serial digital code gen- 
erators capable of generating a pulse 
series of up to 32 digits at any specified 
pulse pacing between 0.2 and 2 micro- 
secs, is now available from Computer 
Devices Corp. 

The generators use magnetostrict- 
ive delay lines, available either as tapped 
delay lines or supplied with transistor- 
ized amplifiers and shapers for restor- 
ation of the signal to input logic level. 
Amplified output pulses have rise times 
of less than 0.05 microsecs; pulse 
spacing is set to an accuracy of better 
than 0.02 microsec. 

The Model DM718 provides 12 
digits spaced at 1.25 +0.02 microsecs, 
and a total delay capability of 15 micro- 
secs. It measures 1.75 x 0.5 x 8 in. 

Circle No. 18S on Subscriber Service Card 


Isometric Comparator 


Stocker & Yale, Inc., is marketing 
a dual-image isometric comparator, de- 
signed to speed up operations when 
checking or adjusting straightness or 
alignment in two planes simultaneously. 

The instrument consists of two lens 
and illumination systems and two view- 
ing screens. Two views of the same 
subject—90 degrees apart—are pro- 
jected simultaneously onto separate 
screens. Magnification ratios and screen 
sizes and proportions vary according to 
customer specifications. 

The unit requires approximately 3 
sq. ft. of bench area. A production rate 
of 200 to 400 pieces per hour for sim- 
ple adjustment and alignment checking 
may be maintained. 

Circle No. 156 on Subscriber Service Card 


Frequency Multiplier 


Somerset Radiation Laboratory, 
Inc., has developed the Model X915 
frequency-multiplier power source. It 
is said to be capable of driving a step- 
recovery multiplier to yield an output 
of 1 mw at X-band from 8.2 to 12.4 gc. 


Circle No. 187 on Subscriber Service Card 


Check Valve 


A series parallel check valves, de- 
veloped especially for the Apollo pro- 
gram and available for similar fuel 
pressurization systems, has been an- 
nounced by Accessory Products Co., a 
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division of Textron, Inc. 

Tbe valve provides for flow of gas 
in one direction only. As used in the 
Apollo program, a single helium source 
pressurizes the fuel (UDMH or MMH) 
and oxidizer (N,O,) tanks through two 
of these valves. 


Circle No. 158 on Subscriber Service Card 


Spectrum Scanner/Plotter 


White Electromagnetics, Inc., has 
announced an automatic spectrum scan- 
ning and plotting system, the Auto- 
Spectrum Plotter, available in several 
configurations. 


In one configuration of the Model 
120A, the frequency spectrum from 
100 cps to 1,000 mc is automatically 
scanned through 15 bands in 3 minutes. 
A 40-db signal or interference dynamic 
range is plotted out on a 5x3 intensity 


versus frequency matrix. Individual 
bands of interest may be plotted full 
scale for finer resolution. 

Also available are an accommoda- 
tion for the incorporation of the 1 to 
10-ge spectrum, provisions for increas- 
ing tbe dynamic range from 40 to 80 
db, and spectrum scan times up to sev- 
eral bours. 


Circle No. 159 on Subscriber Service Cord 


Line-Voltage Regulator 


Sola Electric Co. bas available a 
Solatron line-voltage regulator, de- 
signed for military applications and 
meeting MIL-R-23098 specifications. 

Tbe SPR-400 is available in 1, 5, 10, 
15 and 25-kva models. It bas a fre- 
quency of 400 cycles and input voltage 
of 115v +5%. Output is 115v, +0.5% 
adjustable. The device operates in 
ambient temperature up to 50°C. 


Circle No. 160 on Subscriber Service Cord 


Thermal Conductivity Unit 


A 2,500°F guarded hot plate ther- 
mal conductivity instrument, meeting 
ASTM specification C177-63, is being 
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manufactured by Dynatech Corp. 
The Model TCFG-R25-4V meas- 
ures two samples, 7.5 in. sq., from room 
temperature to 2,500°F or from —300° 
to 2,500°F when an optional liquid 
nitrogen system is incorporated. Ac- 
curacy is +2% from 75° to 800°F, 
+5% from 800° to 1,800°F, and 
+10% from 1,800° to 2,500°F. 


Heat source consists of nine blocks ~~ 


2.5 in. sq., wound with a resistance 
heating element. Maximum heat flux 
is 10,000 BTU-br.-ft.* Input is 110v ac, 
60 cps. 

Circle No. 161 on Subscriber Service Cord 


Parametric Amplifier 


A low-noise parametric amplifier, 
cooled either to liquid nitrogen (77°K) 
or liquid helium (4°K) for satellite 
communications, is available from Mi- 
crowave Physics Corp. 

Tbe Model C-4 is tunable from 3.7 
to 4.2 gc. It bas typical noise tempera- 
ture of 64°K when cooled to 77°K and 
20°K when operated at 4°K. Band- 
width is 30 me at the 1-db points; gain 
is nominally 15 db. 

Tbe unit is normally supplied witb 
a liquid nitrogen dewar, fill tube and 
overflow tube. One charge of nitrogen 
will last 48 hrs. The assembly is tilt- 
able +52° for mounting directly at 
tbe antenna feed. Pbase and gain stabili- 
ties are +2° and +0.1 db per hour, 
respectively. 


Circle No. 162 on Subscriber Service Cord 


Foam Fluxer 


Electrovert, Inc., has developed a 
foam fluxing unit, said to be easily 
adaptable to tbe straight-line operation 


i ee me 

The unit is available with a 10 or 
12-in.-wide foam crest. It is constructed 
of stainless steel and coated with Teflon 
to accommodate all types of foam 
fluxes. The tank is equipped with a 
feeder bottle for continuous flux ap- 
plication and can be disassembled for 
cleaning. 

In operation, a uniform, quick-wet- 
ting foam layer of constant bubble size 
and burst is produced. As the printed 
circuit board passes over the foam crest, 


the entire underside of the board is 
coated. An adjustable metering valve 
and regulator gauge step-down and reg- 
ulate the air pressure to permit control 
of bubble size and foam height. 


Circle No. 163 on Subscriber Service Card 


Input Sine Converter 


Spectral Dynamics Corp. bas devel- 
oped a vibration test instrument called 
the SD-103 Dynamic Input Sine Con- 
verter (DISC). The phase-coherent unit 
accepts a variety of repetitive input 
wave forms and produces a sine wave 
output of tbe exact frequency, phase- 
locked with the input signal. 

The DISC performs the following 
five functions: rotating machinery vibra- 
tion analysis; tracking function genera- 
tion; frequency to de conversion, over a 
range of 10 cps to 10 kc with a linearity 
exceeding 0.25%; constant output am- 
plification, accepting signals from 25 mv 
to 65v RMS; and signal conditioning. 


Circle No. 164 on Subscriber Service Cord 


Temperature-Power Control 


A solid-state temperature controller 
witb an SCR power regulator for closed- 
loop control of temperature is available 
from Researcb, Inc.’s Controls Div. 

The LABAC A has an input of 115 
to 230v ac and a receptable for tbe oven 
load. In operation, tbe operator dials a 
set-point temperature wbich unbalances 
a zener-regulated bridge network. Bridge 
output is amplified to drive a magnetic 
SCR firing circuit to apply full-line 
voltage to the oven. When tbe set point 
is reacbed, tbe oven voltage reduces pro- 
portionally to tbe level necessary to 
maintain the set point. 

Standard models are rated for 10 
to 20-ampere loads. A line of platinum 
resistance sensors is available for a 
temperature range of —260° to 500°C. 


Circle No. 165 on Subscriber Service Cord 


Percussion Welder 


A percussion welder, basically de- 
signed for attaching thermocouples to 
metal specimens of any size or material, 
is available from Duffers Associates, 
Inc. 

The Model 310 accommodates wire 
sizes up to 0.04 in. Single-knob control 
switcbes the power supply through eight 
range settings from 30 to 245v. Charge 
times are 1.5 secs. on tbe first setting 
to 12 secs. on the eigbth setting. Input 
is 110v ac. 


Circle No. 166 on Subscriber Service Card 


Gas Laser Projector 


Bausch & Lomb, Inc., is marketing 
a gas laser projector for demonstration 
and experimental use. 

The projector unit consists of a 
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laser tube filled with a helium neon gas 
mixture, tube housing and power sup- 
ply. Output is a linearly polarized 
monochromatic beam at 6,328 Ang- 
stroms from each end of the unit. 
Power unit is a 27-mc radio frequency 
oscillator. The laser cavity consists of 
a plano mirror and a 500-mm radius 
concave mirror spaced at slightly less 
than 500 mm. 
Circle No. 167 on Subscriber Service Card 


Random Noise Generator 


A random noise generator featuring 
servo stabilized output to better than 
0.05 db over a line voltage range of 
90 to 130v is being marketed by Aero- 
space Research, Inc. 


You get the complete PERT system and, 
for the first time, a PERT technique show- 
Ing you how to predict and monitor profit 
on a continuing bi-weekly cycle. 


Chapter XI, “Profit PERT and Incentives,” 
brings you the Martin Company case his- 
tory showing how the Titan II! PERT-profit 
system works: In the words of Secretary 
of Defense Robert McNamara, “(Titan II) 
is probably the best managed contract we 
have, and it is the best managed almost 
entirely because of the tremendous incen- 


) PRACTICAL 


] INTRODUCTION TO PERT 
Il THE ABC'S OF PERT 
I] PERT & TIME 
IV HOW PERT PLANS 

V HOW PERT CONTROLS 
VI BUILDING PERT 


The Model NS-B RF generator has 
a temperature range of —20° to 140°F. 
The servo stabilization is said to elimi- 
nate the long warm-up time inherent in 
temperature-limited thermionic diode 
systems. The device provides a scale of 
excess noise output in °K and has a 
frequency range of 1 to 500 mc. 


Circle No. 168 on Subscriber Service Card 


FOR ALL 
LEVELS OF 
MANAGEMENT 


offered for the first time 


by B. J. HANSEN 


(member of the original 
Polaris-PERT Team) 


tive given to that contractor in the form 
of potential profit increases to hold his 
costs down.” 

PRACTICAL PERT tells how and when to 
meet contract obligations, how to keep 
programs on schedule, how to win highest 
incentive fees. PERT, developed for the na- 
tion’s defense programs, can be applied to 
management operations to monitor profit 
as well as cost, time and performance in 
the fields of construction, chemical proc- 
essing, manufacturing . . . and wherever 
complex systems are involved. 


PERT contents 
VII WHAT IS NETWORKING 


VII REFINING THE NETWORK 


IX MEASURING MANAGEMENT RISK 
X PERT & COST 

XI PERT COSTS & COMPUTERS 

XII PROFIT PERT & INCENTIVES 


XIII PERT DATA DISPLAY 


Infrared Thermometer 


An infrared thermometer for non- 
contact temperature measurement in the 
150° to 750°F range is being marketed 
by Ray-Tek, Inc. 

The Model R-7 features an optical 
sight with reticle for accurate align- 
ment and focusing, a spot size of 0.1 
in., response time of 10 millisecs., and |. 


the ability to make measurements : . 
through a glass window. An electrical | [1 Check Enclosed 0 Bill Me 
output is provided for recording and 
control. Direct temperature readings 
are provided on a calibrated meter. Name 

Circle No. 169 on Subscriber Service Card 

Address 

Portable Gamma Alarm 

A portable, transistorized gamma Zip Code ___ State. 


alarm, using current integration scintil- 
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1001 Vermont Avenue, N.W., Washington, D.C. 20005 
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$3.00 
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lation-type detectors, is being marketed 
by Nuclear Measurements Corp. 

The GA-2TP is not affected by ex- 
ternal electromagnetic or electrostatic 
fields and will not jam in extremely 
high-level radiation, the firm says. Power 
is supplied by nickel-cadmium batteries 
or D-size flashlight batteries. The unit 
offers indicating ranges of 3, 4 or 5 
logarithmic cycles, calibrated in mr/hr 
or r/hr. It is housed in a sealed shock- 
mounted cabinet measuring 15 x 7 x 8 
in. Weight is 11 Ibs. 


Cirele No. 170 on Subscriber Service Cord 


Command Receiver 


An all-silicon, transistorized com- 
mand receiver, for use in controlling 
drones and pilotless aircraft and for 
destroy purposes in missile range-safety 
operations, is being marketed by Leach 
Corp. 


The Model FMR-303 operates in a 
temperature range of —40° to 85°C. 
According to Leach, use of improved 
transistors enables the receiver to 
operate with greater reliability at 
elevated temperatures—approximately 
10°C higher than germanium transistor- 
ized units. The unit is designed to re- 
ceive up the three tone-modulated FM 
signals in a 406 to 450-mc frequency 
range. Frequency deviation is +30 kc 
per channel. Sensitivity is 2 mv. 

The device measures 48 cu. in. and 
weighs 54 oz. It can withstand shocks 
of 100 g’s and vibrations of 20 g’s to 
2,000 cps. 


Circle No. 171 on Subscriber Service Card 


Fiber Optic CRT 


Two cathode ray tubes with fiber 
optic faceplates for making photo- 
graphic reproductions of their outputs 
are available from Westinghouse Elec- 
tric Corp.’s Electronic Tube Div. 

The Model WX-30038 has a 4-in.- 
dia. fiber optics faceplate. This tube 
uses magnetic deflection and electro- 
Static focusing and has a usable screen 
of 3.2 in. dia. 

The Model WX-5321 is designed for 
line scanning. Overall diameter of the 
face is 5.25 in. The optical fiber band 
has a usable length of 4.25 in. and 
width of 0.25 in. 

Both tubes have a spot size of 
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0.0008 in. and potted leads for high 
voltage protection. 


Circle No. 172 on Subscriber Service Card 


Electrometer 


Victoreen Instrument Co. has an- 
nounced a vibrating reed electrometer, 
the Model 474 Series Picometer. 


The unit’s dynamic capacitor pro- 
vides full-scale indication for currents 
in the 10—14-ampere range and voltages 
from 10 mv. Ranges in the series are 10, 
30, 100, 300, 1,000mv and 3, 10 and 
30v; 32 current ranges from 3 x 10714 
to 10—* ampere are provided by choice 
of four Hi-Meg resistors. Stability is less 
than 10% full scale drift in 24 hours. 


Circle No. 173 on Subscriber Service Cord 


Programming Switch 


An Actan programming switch, fea- 
turing a removable memory drum for 
instantaneous program changes, is being 
marketed by Sealectro Corp. 

The device is available with drum 
sizes from 36 to 120 positions, control- 
ling from 6 to 51 circuits. It may be 
manually or remotely operated by sole- 
noid or timing motor. The drums are 
adjustable, providing complete flexibil- 
ity of programming at any time by slid- 
ing the actuators along in the grooved 
drum to the desired program pattern, 
the firm says. 


Circle No. 174 on Subscriber Service Cord 


Feed-through Ring 


NRC Equipment Corp. has devel- 
oped a multi-port vacuum feed-through 
ring, said to enable introduction of 
many more electrical, mechanical or 
fluid controls into a vacuum chamber 
than is possible with a typical base plate 
installation. 

The Model 1505 is available in stain- 
less steel or cast aluminum in four sizes: 
12-, 14-, 18- and 24-in. diameter. De- 
pending on ring size, there are 10, 12, 
16 or 20 ports, all 2.25 in. in diameter. 
A total of 26 feed-throughs are avail- 
able for use with each ring. 

Cirele No. 175 on Subscriber Service Cord 


Capacitance Bridge 

A 100-ke bridge providing capaci- 
tance measurements from 0.0002 to 
110,000 pf with a basic accuracy of 
0.1% is available from Boonton Elec- 
tronics Corp. 


The Model 74D also measures con- 
ductance from 0.001 to 1,000 micro- 
mhos and shunt resistance from 1,000 
ohms to 1,000 megohms. The instru- 
ment may be operated in a three-termi- 
nal or two-terminal mode. Other fea- 
tures include a test signal continuously 
adjustable from 4v down to 1 mv; an 
internal de bias adjustable from —7 to 


’110v and drift capacitance of less than 


0.001 pf in 24 hours. 


Circle No. 176 on Subscriber Service Cord 


Strain Gage Transducer 


A series of absolute pressure trans- 
ducer units, capable of combustion 
chamber pressure measurements, is 
available from Atlantic Research Corp. 

The series offers a choice of ranges 
from 0 to 500 through 0 to 10,000 psia 
(with over-range of 2x and burst pres- 
sure of 3x). Rated sensitivity is 2 to 
4 mv/v, depending on the range. Other 
specifications include a combined line- 
arity hysteresis of +0.15%, tempera- 
ture range of —100° to 300°F and 
bridge resistance of 350 ohms. 

Circle No. 177 on Subscriber Service Cord 


Rocket Recorder 


Raymond Engineering Laboratory 
is producing the Model 1849 rocket re- 
corder, designed for accurate analysis 
of launch and re-entry vehicle perform- 
ance. 

The device stores and reproduces 
data with less than 1% RMS through 
wow and flutter. It has 200 g’s sustained 
acceleration, 10 g’s RMS and 30 to 
2,000 cps vibration. The device can sur- 
vive over 500 g’s of shock for 1.5 ms 
duration. The recorder weighs 3 Ibs. 
and measures 4 in. in diameter and is 
4.5 in. long. 

Circle No. 178 on Subscriber Service Card 


Radiation Rate Meter 


Gelman Instrument Co. is market- 
ing an automatic recording radiation 
rate meter. The device records the level 
of radiation at every hour of the day 
for 31 days without changing the chart 
strip. 


| 


The meter features a _ halogen- 
quenched Geiger-Mueller tube to meas- 
ure Gamma radiation. An end-window 
Geiger tube is available to detect Beta 
and Gamma radiation. It is available 
with chart speeds of 3, 15 or 30 in. per 
hour. 

Circle No. 179 on Subscriber Service Card 
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This fifth edition of the WORLD SPACE DIRECTORY lists over 17,000 key industry 
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listings have been revised and over 400 new companies added to reflect changes in 
the industry since the last issue was published in March, 1964. 


WORLD SPACE DIRECTORY will serve as your basic guide to locating companies 
and personnel; checking titles, addresses and telephone numbers; and gathering 
reference data for production planning in the multi-billion dollar missile/space 
and defense markets. 


Order your copy of the easy-to- use WORLD SPACE DIRECTORY today. 


Please ship........ copies at $12.50 United States, Possessions & Canada; 
$73.50 All Other Countries. 


WORLD SPACE 


DIRECTORY NAME TITLE 
1001 Vermont Ave., N.W., COMPANY. ~~~ ~~ +©PRODUCTS/SERVICES 


Washington, D. C. 20005 
ADDRESS 


CITY STATE ZIP 


let us move with you! 


Six Weeks Is Required 
To Change Your Magazine Address 


A regulation of the Post Office requires that you 
pay extra postage if copies of 


MISSILES AND ROCKETS 


are forwarded to you at your new address. Copies 
will not be forwarded free and we cannot replaca 
lost copies. To insure delivery at your new ad- 
dress please notify us at least six weeks in ad- 
vance of your moving. Send us your old and new 
address, and, if possible, the address label 
from your last issue .. . include your postal 
zone or zip number, Thank you. 


Write to: 


Missiles and Rockets 
Circulation Department 
1001 Vermont Ave., N.W. 
Washington, D.C. 20005 


2. 1%, .% 2% 9, 2, oe Me 
rsterkerdeatedtectoctonteste eloageate sfoate fecgecgeateatorte deofedteots sfoete. 


M/R BUSINESS OFFICES 


Washingtan, D.C. 20005—1001 Vermont Ave- 
nue, NW; (202)783-5400 
A. C. Baughtan, National Sales Manager 
Kenneth C, Blanchard, Directar of Research 
and Marketing 


New Yark, N.Y. 10017—20 East 46 Street; 
(212)986-3900 
Paul 8. Kinney, Eastern Advertising Man- 
ager 
Paul N. Anderson 


Beverly Hills, Calif. 90210—9301 Wilshire 
Blvd.; (213)272-9827 or 274-8791 
Edwin J. Denker, Jr., Western Advertising 

Manager 
Ronald L. Rose 


New England: 15 Half Mile Common, West- 
port, Cann. 06880; (203)227-6867 
Gerry Mullin 


Boston, Mass. 02116—755 Boylstan Street, 
Suite 306; (617)266-4455 
Gerry Mullin 


Detroit, Mich. 48237—21990 Greenfield 
Road, Oak Park, Mich.; (313)547-8880 
Michael Rauff 


Chicago, Ill. 60601—1 East Wacker Drive, 
Room 1522; (312)321-1444 
Charles E. Durham, Jr. 


Miami, Fla. 33022—P.0. Bax 890, Hally- 
wood, Fla.; (305)947-6072 
R. P. Caldiero 


Landon, W.1., England—44 Canduit Street; 
REgent 4714 
American Magazine Group 


Geneva, Switzerland—10 Rue Grenus; 


Geneva 321044 
Paris, France—11 Rue Condarcet; TRU 15-39 


| ager, 


———flames in the news 


FAIRCHILDS BECK 


Charles E. Beck: Elected president, 
chief executive officer and a director and 
member of the executive committee of the 
American Bosch Arma Corp., Garden City, 
N.Y. He succeeds Charles W. Perelle, who 
was elected chairman of the board and 
will also serve as a consultant. 


A. V. Zukas: Named president of the 
Aerospace Products Group of Parker- 
Hannifin Corp., Los Angeles. He succeeds 
W. C. Loeman, who is being transferred 
to Parker-Hannifin headquarters in Cleve- 
land as group executive responsible for 
three major products divisions. 


Don Fairchilds: Appointed director of 
public relations for Continental Motors 
Corp. and Continental Aviation & Engi- 
neering Corp. He was previously director 
of public relations for the Singer Co., 
Metric Div., Bridgeport, Conn. 


Charles R. Suhlett: Appointed chief of 
telemetry systems, Telemetrics, Inc., Santa 
Ana, Calif, a subsidiary of Technical 
Measurement Corp. He will be responsible 
for the design, development and applica- 
tion analysis of telemetry systems for spe- 
cial applications. 


J. W. Martin: Named manager of Sig- 
nature Support Engineering for the RCA 
Service Company’s Missile Test Project at 
Patrick AFB, Fla. 


Ludwig Roth: Appointed special tech- 
nical assistant to the vice president-director 
of Douglas Space Systems Center, Santa 
Monica, Calif. He was formerly vice presi- 
dent and manager of research for Northrop 
Space Laboratories. 


Edwin H. Matthewson: Named to the 
newly-created position of director of man- 
ufacturing and engineering at the Kaydon 
Engineering Corp., Milwaukee. 


Hamilton O. Hauk: Appointed execu- 
tive vice president of Infrared Industries, 
Inc., Santa Barbara, Calif. He was formerly 
with Raytheon Co., and is a retired Rear 
Admiral. 


Milton L. Dunbam: Appointed man- 
technical service, Union Carbide 
Corp., Silicones Div., New York City. He 
has been with Union Carbide since 1945. 
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ZUKAS 


SUBLETT 


John C. New: Elected president of the 
Society for Experimental Stress Analysis 
for 1964-65. Head of the Test and Evalu- 
ation Division at NASA’s Goddard Space 
Flight Center, Greenbelt, Md., he succeeds 
Prof. C. C. Perry of Wayne State Univer- 
sity, Detroit. 


C. L. Woodhridge and Howard M. 
Levine: Appointed technical vice presidents 
of HRB Singer, Inc., a subsidiary of the 
Singer Co., State College, Pa. Woodbridge 
will administer the company’s technical 
efforts in the fields of infrared equipment 
and technique development, imagery in- 
terpresentation services and training, and 
rapid access technology. Levine will be re- 
sponsible for the technical operations of 
the Opsearch Laboratory. 


Microwave Electronics Corp., Palo 
Alto, Calif., has announced the promotions 
of Arthur L. Wehh and John Wurr. Webb 
was promoted to vice president of manu- 
facturing and Wurr to director of manu- 
facturing. 


Donald C. Wehster: Joined Neville In- 
strument Co., Burbank, Calif., as vice pres- 
ident and chief engineer. He was formerly 
president of General Precision, Inc. 


Wallace O. Fenn: To receive the Italian 
Academy’s $40,000 Feltrinelli Prize in ex- 
perimental medicine. He is director of the 
Space Science Center at the University of 
Rochester, Rochester, N.Y. 


Robert J. O’Brien: Appointed director 
of the Engineering Division of Lockheed 
Propulsion Co., Redlands, Calif. He has 
been with Lockheed since 1963. 


Allen H. Drayner: Named to the newly- 
created post of director of systems effec- 
tiveness for Martin Co., Friendship Inter- 
national Airport, Md. 


Richard G. Woodhury and Lawrence 
G. Lutz: Appointed to newly created sales 
management posts in the J. W. Fecker 
Division of American Optical Co., Pitts- 
burgh. Woodbury will manage the Eastern 
region and Lutz, the Western region. 


Rohert A. Charpie: Appointed director 
of technology for Union Carbide Corp., 
New York City. He has been with Union 
Carbide since 1950. 
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—Wwhen and where 


NOVEMBER 


Sixteenth Annnal MAECON Technical 
Meeting, Continental Hotel, Kansas 
City, Mo., Nov. 23-24. 


Winter Annnal Meeting of the American 
Society of Mechanical Engineers, Stat- 
ler Hilton Hotel, New York City, Nov. 
29-Dec. 4. 


Joint Meeting of the American Nuclear So- 
ciety and Atom Fair, Hilton and St. 
Francis Hotels, San Francisco, Nov. 
30-Dec. 3. 


DECEMBER 


57th Annual Meeting of the American In- 
stitute of Chemical Engineers, Statler 
Hilton Hotel, Boston, Dec. 6-10. 


Third Conference on Performance of High- 
Temperature Systems, Huntington- 
Sheraton Hotel, Pasadena, Calif., Dec. 
7-9. 

Third Annual Western Contamination Con- 
trol Congress, sponsored by the West- 
ern Regional Chapter of the American 
Association for Contamination Control, 
Lafayette Hotel, Long Beach, Calif., 
Dec. 9-11. 


Symposium on High-Energy Astronomy, 
sponsored by Air Force Office of Sci- 
entific Research, Atomic Energy Com- 
mission, NADA, National Sclence 
Foundation, Office of Naval Research, 
and the University of Texas, University 
of Texas, Austin, Dec. 15-18. 


131st Annual Meeting, American Associa- 
tion for the Advancement of Science, 
Montreal, Canada, Dec. 26-31. 


JANUARY 


Eleventh National Symposium on Relia- 
bility and Quality Control, sponsored 
by the American Soclety for Quality 
Control] and the Institute. of Electrical 
and Electronics Engineers, Fountaine- 
bleau Hotel, Miami Beach, Jan. 12-14. 


International Symposinm on Solar Radia- 
tion, sponsored by the American So- 
ciety for Testing and Materials, Inter- 
national Hotel, Los Angeles, Jan. 18- 
21. 


Winter Meeting of the National Society of 
Professional Engineers, Jung Hotel, 
New Orleans, Jan. 20-23. 


National Symposinm on Hydrocarbon 
Analysis, sponsored by the American 
Society for Testing and Materials, Sher- 
aton-Lincoln Hotel, Houston, Jan. 22- 
23. 


Symposium on Fnndamental Phenomena 
in the Material Sclences, sponsored by 
the ikon Corp., Sheraton Plaza Hotel, 
Boston, Jan. 25-26. 


Joint Annnal Meeting of the American 
Mathematical Soclety and the Mathe- 
matical Association of America, Univ. 
of Colorado, Denver, Jan. 25-30. 


FEBRUARY 


Reinforced Plastics Division Conference, 
sponsored by the Society of the Plas- 
tics Industry, Edgewater Beach Hotel, 
Chicago, Feb. 2-4. 

Winter Convention on Military Electronics, 
sponsored by the Institute of Electrical 
and Electronics Engineers, Ambassador 
Hotel, Los Angeles, Feb. 3-5. 


Unmanned Exploration of the Solar Sys- 
tem, sponsored by the American Astro- 
nautical Society, the American Astro- 
nomical Society, American Geophysical 
Union, American Institute of Biologi- 
cal Sclences, Institute of Electrical and 
Electronics Engineers, and the Ameri- 
can Institute of Aeronautics and Astro- 
nautics, Denver Hilton Hotel, Denver, 
Feb. 8-10. 


Spring Meeting of the American Society 
for Testing and Materials, Statler-Hil- 
ton Hotel, Cleveland, Feb. 8-12. 

1965 Electrical and Electronic Trade Show, 
sponsored by the Electrical Representa- 
tives Club and the Electronic Repre- 
sentatives Assn., Denver Auditorium 
Arena, Denver, Feb. 15-17. 


MARCH 


Syniposium on High-Speed Testing, spon- 
sored by Massachusetts Institute of 
Technology and Brooklyn Polytechnic 
Institute, Sheraton Plaza Hotel, Boston, 

. March 8-9. 

Aviation and Space Conference, sponsored 
by the American Society of Mechanical 
Engineers, Statler Hotel, Los Angeles, 
March 14-18. 


International Convention of the Institute 
of Electrical and Electronics Engineers, 
New York Hilton Hotel and New York 
Coliseum, New York City, March 22- 
25. 

Symposium on Thermophysical Properties, 
sponsored by the American Society of 
Mechanical Engineers, Purdue Univer- 
sity, Lafayette, Ind., March 22-26. 

Spring National Convention of the Society 
for Nondestructive Testing, Los An- 
geles, March 22-26. 

Optical Society of America Meeting, Stat- 
ler-Hilton Hotel, Dallas, March 31- 
April 2. 


APRIL 


International Symposium oa Fission Prod- 
uct Release and Transport Under Ac- 
cident Conditions, sponsored by the 
Oak Ridge National Laboratory, Oak 
Ridge, Tenn., April 5-7. 


1965 Annual Region II Meeting of the 
Institute of Electrical and Electronics 
Engineers, Robert E. Lee Hotel, Win- 
ston-Salem, N.C., April 6-8. 

1965 Annual Region VI Conference of the 
TEEE, Las Vegas, Nev., April 13-15. 
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15th Annual National Telemetering Con- 
ference, sponsored by the IEEE, ISA 
and AJAA, Shamrock-Hilton Hotel, 
Houston, April 13-15. 

Symposium on System Theory, sponsored 
by Polytechnic Institute of Brooklyn, 
IEEE, Society for Industrial and Ap- 
plied Mathematics, AFOSR, ONR, and 
the Army Research Office, New York 
City, April 20-22. 

Southwestern Conference and Electronic 
Show, sponsored by the IEEE, Dallas 
Memorial Auditorium, Dallas, April 
21-23. 

Sixth Symposium on Engineering Aspects 
of Magnetohydrodynamics, sponsored 
by the University of Pittsburgh and the 
Carnegie Institute of Technology, Uni- 
versity of Pittsburgh, Pittsburgh, April 
21-23. 

1965 London International Engineering 
Exhibition, sponsored by the London 
Chamber of Commerce, the British 
Mechanical Engineering Federation, 
and the British Electrical and Allied 
Manufacturers’ Association, Olympia 
and Earls Court, London, April 21-30. 

Annual Meeting of the Propulsion and 
Combustion Panel of the Advisory 
Gronp for Aeronantical Research and 
Development to the North Atlantic 
Treaty Organization (AGARD), “Ad- 
vances in Chemical Rocket Propulsion,” 
University of California, San Diego, 
April 22-25. 

Western States Spring Meeting of the Com- 
bustion Institute, Los Angeles, April 
26-27. 


Advertisers’ Index 


AEROJET-GENERAL CORP., A SUB. OF 
THE GENERAL TIRE & RUBBER CO... 48 


Agency—D’Arcy Adv. Co. 
AEROSPACE CORP. ..........00seeee> 27 


Agency—Gaynor & Ducas, Inc. 


COLUMBUS DIVISION OF NORTH 
AMERICAN AVIATION, INC. ....... 35 


Agency—Batten, Barton, Durstine 
& Osborn, Inc. 


GENERAL 
& SPACE DIV. 


Agency—Deutsch & Shea, Inc. 


PHILCO CORP., AERONUTRONIC DIV. 
A SUB. OF FORD MOTOR CO 
Agency—Honig-Cooper & 
Harrington Adv. 7 


PRATT G&G WHITNEY AIRCRAFT, UNITED 
AIRCRAFT CORP. 


Agency—Cunningham & Walsh, Inc. 


SPERRY UTAH CO., Div. OF THE 
SPERRY RAND CORP. ..........0--- 47 
Agency—Reach, McClinton & 
Co., Inc. 


UNITED STATES AIR FORCE— 
AFSC/AFLC, JOINT PROFESSIONAL 
PLACEMENT OFFICE 


Agency—Gaynor & Ducas, Inc. 


WESTINGHOUSE ELECTRIC CORP., 
ATOMIC, DEFENSE G SPACE 
GROUP PROGRAMS 


Agency—Ketchum, MacLeod & 
Grove, Inc. 


46 


editorial... 


The High Price of Silence 


XPENSE ACCOUNTS once again are being used 
as the brush with which to tar this industry as an 
evil, corrupting force in the nation. We now are con- 
fronted by the news that the General Accounting Of- 
fice has been browbeating industry firms into provid- 
ing the names of military and NASA officials enter- 
tained on company expense accounts. 

Those officers named then have been subjected by 
GAO to what has been described as an FBI-type 
grilling about their relationships with the firms in- 
volved. 

This whole sickening affair with its police-state 
tactics is one further step away from the democracy 
which this industry and the military presumably are 
pledged to defend. 

It seems almost part of a deliberate plot to dis- 
mantle what has been a very effective partnership in 
the past. The thought that industry officials as a 
regular business practice ply their gullible govern- 
ment counterparts with daily luncheon martinis in 
order to obtain contracts is a ridiculous one. 

It is far past time a few people in industry and 
government stood up to say so. 

We understand the GAO investigation into ex- 
pense accounts is intended to provide an investigating 
subcommittee of the House Armed Services Commit- 
tee with ammunition for further attacks on the indus- 
try. It began last spring when GAO investigators de- 
manded that several aerospace firms provide the 
names of government personnel entertained at com- 
pany expense. 

In at least one instance, company management 
debated all summer whether to compromise military 
friends in what was sure to be a Vicious investigation. 
The threat of subpoena, with its accompanying im- 
plication in court that the company had something 
to hide, brought a collapse of management resistance. 

Within 48 hours of obtaining the names, GAO 
investigators turned up at military and NASA installa- 
tions to grill those on the lists. The victims are both 
angry at the companies for providing the names and 
apprehensive over the ugly distortions which could 
come out of a headline-hunting committee. 

We also are told that this was one of the reasons 
behind the Dept. of Defense amendment of its stand- 
ards of conduct directive—the hope that the “no free 
lunch” edict would prove its innocence in advance 
of the charges. 

The dirty tactics used by GAO to obtain informa- 
tion to which its right is questionable are disgusting. 
But equally nauseating is the lack of moral courage 
right down the line in industry and government. 

Where is the man with the guts to stand up and 
say that a business luncheon is an accepted practice 
in this country and that there’s not a single moral 
thing wrong with it? Where has the Aerospace Indus- 
tries Assn. been through all of this? When Secretary 
McNamara issued his insulting new conduct code, 
the military associations were quick to reply. But 
where was AIA in defense of its industry? Where has 
it been while GAO has been browbeating its mem- 


bers? Is AIA afraid to stand up and admit that its 
member firms on occasion take people to lunch or 
dinner on the expense account? The press several 
times has asked AIA for its position on the new Mc- 
Namara directive. The association has declined to 
state it. AIA has failed the firms which support it. 

And just what sort of courage has the Pentagon 
shown? Confronted by the pending Congressional in- 
vestigation of expense accounts, the Dept. of Defensc 
threw overboard in panic a sensible and workable 
code of conduct. In its place has been substituted 
something so insulting and ridiculous that Congress 
has to regard it as an admission of guilt. Rep. Porter 
Hardy, at the head of the subcommittee, must surely 
ask: “If something wasn’t rotten, why was this 
needed?” 

Was there not someone in the Pentagon willing 
to declare his trust that the military could not be 
corrupted by a free lunch or a tie-clasp? Was there 
No one to point out that the reason industry repre- 
sentatives paid for the meals more often than the mili- 
tary officers was that the military has no expense 
accounts to cover this? Was there no one to suggest 
that considerable business of benefit to the govern- 
ment was conducted over luncheon tables? Apparently 
not. Confronted by opposition, the Pentagon troops 
broke and ran like rabbits. 

And what of the companies which turned over 
the names? Where was their courage on behalf of 
their friends in the military? Rather than risk their 
company image, they preferred to surrender. We hope 
the picture of a GAO investigator shaking his finger 
under the nose of a general officer and demanding to 
know what he talked about at that business luncheon 
haunts them forever. We know what the reaction of 
some of the officers has been—and it hasn’t done 
much for the company image. 


E SUGGEST THAT if the companies ap- 

proached all had had the courage to refuse the 
GAO, it would have ended there. Is it so hard to 
say, “We don’t believe you should have the names, 
not because we have something to hide, but because 
this is conventional business practice and you have no 
tight to them. We are not guilty of anything and 
we are willing to say so in court.” 

Apparently courage is in short supply these days. 

Certainly, there have been some questionable 
practices. The Dept. of Defense could and should 
have forthrightly dealt with the offenders under the 
standards of conduct directive as it stood. Instead, 
a course was chosen which is certain to be judged 
as self-condemnation. 

We are not proud of either the industry or the 
government in this matter. Continuing acceptance 
of the insinuations and accusations can only weaken 
the partnership whose health is so vital to our na- 
tional security. It is time someone of stature in the 
industry showed the common sense and guts to stand 
up and say so. 

William J. Coughlin 
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Let experience — 
put your 
tactical missile 
in the air 


atone 
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In-depth experience insures the success of a new missile system. Sperry Utah has depth—51 mil- 
lion manhours of experience—solid management achievement as prime contractor for development and 
production of the inertially-guided Sergeant tactical missile system. 0 The Army has called Sergeant the most 
reliable missile fielded today. 0 For three years, Sergeant on-time delivery performance has been an impres- 


sive 99.4 percent.O Over 5,000 cost reduction ideas by Sperry personnel have netted $6.7 million in savings 
reflected in a higher-performance, lower-cost product. 0 On the 125 Sergeant contracts 


a oa r oly y 
administered to date, Sperry Utah management has achieved a record-breaking one/tenth @#OqR) }| , 
of one percent obsolescence cost. Performance—backed by experience—is available ul d | am 
at Sperry to guarantee the success of new tactical missile systems—air, surface or ship- ~ nape 


launched. When it comes to tactical missiles, evaluate the team that builds the best, OIlVISION OF 


. SPERRY RAND 
SPERRY UTAH COMPANY, Salt Lake City, Utah. CORPORATION 
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THE MOON IS MADE OF OXYGEN 


A dramatic new process developed by Aerojet under the sponsorship of NASA literally enables scientists to turn the surface of 
the moon into oxygen. Utilizing metallic silicates generally acknowledged to be present in the lunar environment, the Aerojet 
Carbothermal Process recovers the bound oxygen contained in such minerals as basalt (shown above), granite and tektite. 
The presence of lunar water is not required. = Aerojet’s comprehensive, innovative experimental program in the utilization and — 
exploitation of lunar resources will result in the establishment of chemical plants for the production of propellant and life- 
support oxygen for advanced lunar bases, moon-earth transport and planetary exploration. = A joint NASA-OART Aerojet- 
General research program is leading toward the development of an 8,000 pound plant capable of producing 6,000 pounds of 
oxygen per month. Deployment of a lunar chemical plant based on Aerojet's process and capable of producing 12,000 pounds of 
oxygen per month can save the national space effort over $350,000,000 a year. 


AEROJET 
VON KARMAN CENTER/ Azusa, California 


. 


NOVEMBER 30, 1964 


s and rockets 


HE WEEKL SPACE SYSTEMS ENGINEERING 


igh 
7? a 
‘ * 

a — : P tod 
- Me 

ee ee r 

sites oe - ‘ 
| 


Apollo Re-entry 


From materials research to heat-shield fabrication— 

At Avco/RAD the job only begins with research. our scientists solved the problem of 
finding materials which could travel for weeks in the deep cold of outer space, then survive the tremendous 
heat and pressure generated by 25,000 mile-an-hour re-entry. But North American Aviation’s assignment 
to Avco/RAD didn’t end with research. We are also designing and manufacturing the unique Apollo Com- 
mand Module thermal protection system upon which will depend the lives of the first three Americans 
returning from the moon. Furthermore, this concept-to-hardware process is guided by a veteran program- 
management team meeting tight cost and schedule requirements. Having capabilities like this ‘‘under one 
roof’ is what we mean when we say: Avco/RAD is an integrated research and development organization. 
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AVCO CORPORATION/RESEARCH AND ADVANCED DEVELOPMENT DIVISION/WILMINGTON, MASSACHUSETTS 


y~ _ TELEMETRY TRACKING 


»—. TELTRAC — An advanced VHF tracking system 
, ——e featuring phased array antenna, solid 
p > state receiver, and high resolution 
{ >> __ pedestal with Type II servo. 


\ DIGITAL TRACKING RADAR TRACKING 


e 


L EDITAR — A digital interface system RADTRAC — A modern, high resolution 
which permits target tracking mobile C-Band tracking 
SS and unambiguous range station. Complete with 
_ resolutions to several digital readout, closed 
q thousand miles. loop simulation 
Ww equipment. 
WS 
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NASA PROJECTS SUCCESSFULLY 
COMPLETED by Canoga for 
Gemini include TELTRAC — an 
advanced VHF phased-array 
telemetry tracking system — and 
RADTRAC — a high resolution, 
mobile C-Band tracking radar. In 
addition, Canoga acquisition aid 
systems have supported all 
manned orbital missions during 
the Mercury program. 
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Cam oca ELECTRONICS CORPORATION 8966 Comanche Ave. Chatsworth, California 
Telephone: (213) 341-3010 * TWX (213) 341-5399 «+ P.O. Box 2086 ° Canoga Park, California 91306 
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And quite a task it is, too. But the 


men who are responsible for guidance © 


and control know that when the chips 
are down only one thing counts: 


doesn't. 
In the 1824, Univac® has a tiny 
powerhouse — a fully microelectronic 


“aerospace computer that can really © 


take’ it—and it’s in production. Capa- 
ble of absorbing enormous shock loads, 
while still remaining operational, this 


UNIVAC DIVISION OF SPERRY RAND. CORPORATION 
a: 


100 million dollars blasts off... 
a 31.5 pound computer takes over. ' 


Either the System has it or it 


‘computer can withstand the G forces 
- expected in missile applications. 


Be But .ruggedability is just one of 
om 


any salient features. For example: 
Measuring only 8” x 7" x 14”, this 
.5 pound package consumes only a 
it 110 watts of power. 
ey Its Mean Time Between Failures, 
is many t times greater than most larger 
conventional units. - 

“Its electrically alterable thin-film 

memory allows the aa to _ an 

Auge : 
* a =, | 


overwhelming amount of complex in- | 


flight operations, without loss of vital 


data. ’ 

And finally, as in all Univac mili- | 
tary systems, this computer is dis- | 
cretely adaptable to a wide variety of 
missions. 

‘The Univac 1824 Microelectronic | 
Aerospace computer is another ex- | 
ample of the creative technology and | 
high caliber of craftsmanship you 


expect from... UW Ni VAC | 


THE FIRST COMPUTER 
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THE COVER 


NASA’s Orbiting Geophysical Observatory 
(OGO) satellite, built by TRW Space Tech- 
nology Laboratories, is launched for first 
time Sept. 4 from Cape Kennedy atop an 
Atlas-Agena B booster. M/R’s Fourth An- 


nual NASA Issue—devoted to the Space ror 


Program beyond Apollo—starts on p. 37. 


= NOVEMBER 30 HEADLINES 


Gemini-Titan I], Centaur 4 Launches Imminent..... . 

Navy Launches $200-Million Deep-Submergence Effort. 
Westinghouse Wins Award for Air Force 487L System. . 
First-Generation ICBM’s To Be Phased Out by July... . 


= M/R’S FOURTH ANNUAL NASA ISSUE 
Compiled under direction of NASA Editor Hal Taylor 
Webb: Program Makes Orderly Progress Toward Goals 


PART I: NASA PROGRAMS 


FY ‘66 Budget Request Set at $5.5-5.6 Billion... . 
Contracting Being Consolidated under National Plan 
Apollo-X Going into PDP in Next Fiscal Year......... 
Douglas To Get Follow-on MORL Study Contract..... 
Future Lunar Equipment Development To Start in ‘66. . 
Target Date for Manned Mars Landing Slips to 1985 
Post-Saturn V Vehicles Hinge on Manned Mars Flight 
Billion-Dollar Voyager Development Starts Next Month. 
Aeronutronic Studies Experiments for ABL........... 
FY ‘66 Budget To Fund New Unmanned Spacecraft... . 
Radio Astronomy Explorer Program Go-Ahead Imminent 
First ATS Series Launching Expected in 1966-67...... 
OART Planning Four New Major Flight Programs... . . 
U.S. Industry To Profit from International Programs. . 


PART II: NASA ORGANIZATION 
Up-to-date Organizational Charts of All Centers... 


PART Ill: SPECIAL REPORT—COMSAT CORP. 
Medium-, Synchronous-Altitude Systems May Be Mixed 


PART IV: SPECIAL REPORT—WEATHER BUREAU 


Annual Spending Will Top $40 Billion During ‘70's. . 
Weather Satellites Promise Data for Other Purposes. . 


PART V: SPECIAL REPORT—AEC 
Over $2 Billion May Go for Rockets, APU’s in Decade. . 


PART VI: PRINCIPAL NASA, AEC, AND WEATHER 
BUREAU PROCUREMENT PERSONNEL.............. 


= DEPARTMENTS 


letters... ... . .. .. 9 Contracts/ 

The Countdown ...... 11 Procurements 

The Missile/Space Week® 15 Products & Processes 
Technical Countdown .. 33 Names in the News 
When and Where .... 34 Editorial ......... 


56,050 copies this issue 


109 


136 


152 
154 


172 


188 


aw to be at home in orbit 


FA 
ce 


oan 


What Boeing is doin 


bout MANNED SPACE FLIGHT: 


Life Support 
System 


Five men recently com- 
pleted a 30-day NASA 
space mission—without 
leaving the ground. A 
Boeing space chamber 
(above) simulated ‘long- 
term space flight condi- 
tions. The mission tested 
water reclaiming and 
waste disposal systems 
as well as a method of 
supplying oxygen with 
sodium superoxide 
chemicals. Tests like 
these help in designing 
future spacecraft (such 
as the 12-man variable- 
wing vehicle concept 
at left). 


Meteoroid 
Studies 


During space travel, 
vehicles may encounter 
meteoroids large enough 
to create a hazard. To 
measure the danger and 
to devise a spacecraft 
protective system for 
astronauts, Boeing is 
conducting research for 
NASA. Using a Boeing- 
developed gas ‘‘gun,”’ 
researchers shoot pel- 
lets at approximate- 
ly meteoroid speeds 
(21,000 mph) to test 
various types and com- 
binations of protective 
plating for spacecraft. 


Vehicle 
Design 


To assist the Air Force 
and NASA in develop- 
ment of criteria for 
manned orbital labora- 
tories, Boeing has con- 
ducted studies of 
vehicles utilizing from 
2- to 12-man crews. 
Studies include booster- 
vehicle integration, life 
support, micrometeoroid 
protection and logistics 
involving crew rotation 
and resupply. 


Rendezvous 
in Space 


In simulated flights, 
Boeing is investigating 
techniques for bringing 
two orbiting vehicles 
together in docking 
missions. The ‘“‘pilot’’ 
sights his target vehicle 
on a projected TV pre- 
sentation, and using 
controls operating 
through a computer, 
maneuvers his vehicle 
through a complete 
docking run. 


Capability has mony 10ces of BOEING 


Space Technology’ = Migsiles » Military Aircraft Systems + 707, 720 and 
727 Jetliners + Systems Management « Helicopters - Marine Vehicles 
+ Gas Turbine Engines + Also, Boeing Scientific Research Laboratories 


The customer was a bit skeptical 


Particularly, since CEC was the only 
company willing to guarantee delivery 
within the time allotted. 


The reluctance of the others to make 
any proniises was quite understandable. 
The assignment called for the modifi- 
cation and production of 400 miniature 
d-c amplifiers for a very special appli- 
cation. And these amplifiers had to be 
in the customer's hands within 130 days. 


Our engineers knev 
schedule ahead oi 
because of CEC’s | 
transducer field, they 
had the facilities to do 


they had a tough 

hem. However, 
iership in the 
lso knew they 
he job. 


100 days later, the customer received 


the 400 amplifiers—a full 30 days ahead 
of schedule, But what was equally 
important, these instruments were so 
well designed and constructed there 
wasn't a single rejection in the lot. 


This is a significant case-in-point why 
CEC’s reputation for quality and capa- 
bility is now unchallenged in the rapidly 
growing areas of data recording. 


It also explains why CEC maintains a 
network of 22 sales and service offices 
throughout the nation. To expedite 
application engineering. To familiarize 
customer personnel with new instru- 
mentation. To make certain that every 
product meets or exceeds the most 
demanding specifications. 
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CONSOLIDATED ELECTRODYNAMICS 


A SUBSIDIARY OF BELL & HOWELL /PASADENA, CALIF 91109 
INTERNATIONAL SUBSIDIARIES: WOKING, SURREY, ENGLANG 
AND FRANKFURT/ MAIN, GERMANY 


Do you have 
this chart? 


This 21” x 27” CEC wall chart is a 
“must” for every engineer con- 
cerned with the analysis of static, 
cyclic or transient phenomena — 
from event to readout. 


Every instrument in the four cate- 
gories shown below is described 
in detail, including specifications. 
There are cross-reference tables to 
aid in selecting instrumentation, 
and information on the combined 
use of the various instruments to 
meet specific needs. And, in addi- 
tion, you will find the finest support 
equipment for dynamic measuring 
and recording in industrial and 
military applications. 


Sensors and Pickups 

= _ Chart shows the 
Seems 43 available for 
. =e pressure, vibra- 
tion, acceleration. 


Signal Conditioners 


Chart shows 11. 
basic types and 
where they may i 


be required. 


Magnetic Tape 

Chart shows 8 
analog and digital 
recorder/repro- 
ducers with sup- 
port equipment. 


Direct Readout 
Chart shows 5 
recording oscillo- 
graphs, 33 gal- 
vanometers and 
where they can be 
used. Also support 
equipment. 


Write today for your courtesy copy. 
Ask for CEC Chart DM-37-X53. 


CEC 


CONSOLIDATED ELECTRODYNAMICS 


A SUBSIDIARY OF BELL & HOWELL/PASADENA, CALIF. 91109 
INTERNATIONAL SUBSIOIARIES: WOKING, SURREY, ENGLAND 
AND FRANKFURT/MAIN, GERMANY 
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—letters 


Pro-McNamara Cudgel 


To the Editor: 


Your Nov. 19 editorial (“The After- 
math”) has again taken up the cudgel 
against Secretary of Defense McNamara. 
It is evident that you are well versed in 
the art of assassination by innuendo. Your 
dislike of McNamara must be personal, 
not professional. You insist on implying 
that his incompetence is proven by a) 
failing to register to vote, b) Bay of Pigs, 
c¢) Gulf of Tonkin “snafu,” d) Bien Hoa 
fiasco, and e) statement that anti-missile 
missile could save 25% of U.S. popula- 
tion. Only five actions out of four years 
of daily decisions. Not a bad record even 
if increased an order of magnitude. 
Definitely not a record to be ashamed of 
or be condemned for. 

As a Secretary of Defense I have heard 
nothing but admiration for him in the 
military and industry, grudging though 
it may be at times. Such innovations as 
Program Definition prior to any program 


approval, closing of pork-barrel installa- 


tions and cancelling of useless programs 
has been a healthy purge for the Defense 
Department. 

He has not been 100% right in his deci- 


| sions or actions, but then I do not know of 


one human being on Earth who has, or 
ever will be so endowed, including you. 
Personally, a little less bias and a lot more 
judgment, tempered with a smidgeon of 
your own intelligence and belief in your 
readers’ discernment would appease my 
impatience with your grossly obvious 
vendetta to “Get Rid of McNamara.” 


George Sirbola 
Apalachian, N.Y. 


Drawing the Line 


To the Editor: 


Your Oct. 12 editorial states that the 
ethics of business relationships involving 
government employees must be determined 
by the individuals involved. Industry has 
long discarded that idea by defining the 
ethics to be used by its own buying groups. 

If we can delude ourselves that gifts, 
lunches, drinks, etc., are tendered pri- 
marily for friendship’s sake then we must 
explain why the friendship is shown by 
the “sellers” rather than the “buyers” 99% 
of the time. 

Your own bewilderment at whether to 
draw the line at one lunch or 100 lunches 
makes it clear that McNamara is correct 
in drawing the line at no lunches. 

The custom of giving lunches and gifts 
has reached the same impasse that giving 
stamps at supermarkets has reached. Com- 
petitors have practically cancelled each 
other out and have only succeeded in rais- 
ing the cost of doing business. This, of 
course, is only a minor aspect of the prob- 
lem and, anyway, the two cases are not 
truly analogous since the acceptor of 
stamps is buying with his own money while 
the acceptor of lunches is not. 


If you will investigate the feelings of 
those who are tyros in the buying business 
you will find that they invariably feel “odd” 
in accepting lunches or gifts. In this case 
their instincts are correct and it is the old- 
timers in the business who have con- 
ditioned themselves to accept the situation 
as normal. 

This is a case where a black-and-white 
decision can almost always be made, and 
McNamara did the right thing in specify- 
ing clearly the correct decision to be made. 


S. R. Mayerhofer 
Waimea, Kauai, Hawaii 


Get Out and Get Under 


To the Editor: 


Reliable sources have informed this 
writer that a new system now in the plan- 
ning stage will revolutionize the trans- 
portation system. A defense-research team, 
recently removed from the defense effort, 
developed the “Hermes,” a transistorized, 
miniaturized propulsion system, which will 
prove highly effective in the field of mass 
transport. 

As a direct result, a phase-out of cer- 
tain automobile companies is being con- 
sidered. It is generally felt that nothing 
really new and constructive has been pro- 
duced by these companies, and phasing 
them out over a period of years will not 
in any way affect the efficiency and/or 
effectiveness of the transportation system. 

People now working for the industry 
will be reassigned to other jobs within 
limits of their ability, and the head of one 
of the largest automobile companies, a 
brilliant computer named MAC, will pro- 
duce the Hermes instead. 

The military have expressed marked 
interest, and it is felt that the defense- 
research team may be reassigned to de- 
fense work after the necessary budgetary 
adjustments have been made. 


Tony Berger 
Burbank, Calif. 


ASTROLOG REPRINTS 


REPRINTS of the latest edi- 
tion of the MISSILES AND ROCK- 
ETS Astrolog, which appeared in 
the Nov. 9 issue, may be ob- 
tained from: 


Research Department 
Missiles and Rockets 
1001 Vermont Avenue, NW 
Washington, D.C. 20005 


Price is 35 cents per copy. 
Payment must accompany or- 
der. 


$28,500 


NEW DDP-1l6 COMPUTER 
16-BIT WORD |17 [USECS CYCLE | 4096 MEMORY 


Standard features: Keyboard and paper tape I/O unit, comprehensive 
instruction repertoire, powerful I/O bus structure, multi-level in- 
direct addressing, indexing, priority interrupt, extensive software 
package, diagnostic routines. Add time is 3.4 usecs. Options include 
high-speed arithmetic option, memory expansion to 32,768, direct 


memory interrupt, real time clock, full line of peripherals. 


Mack, Ul, Nv evitrows, ra cuevelang, ono given seas, COMPUTER CONTROL COMPANY. INC. 


0.; "DES ‘PLAINES, ILL; ORLANOO, FLA.; ALBUQUERQUE, N.M.. PAL 
Aird, CALIF.; LOS ANGELES, CALIF.; HOUSTON, TEX.; HUNTSVILLE, ALA. OLD CONNECTICUT PATH, FRAMINGHAM, MASS. + 2217 PURDUE AVE., LOS ANGELES 64, CALIF. 


DDP-224/$96,000 DDP-24,/$79,000 DDP-24A/$69,000 DDP-24VM/$87,000 DDP-24P/Quotes on Request 


24-bit word, 1.9 ysecs, 4096 24-bit word, 5 psecs, 4096 Same mainframe features as Functionally identical to the Ultra compact modular con- 
word memory, 260,000 com- word memory. 100,000 com- DDP-24 with modified 1/O DDP.-24, Rugged, compact, figuration for submarine in- 
putations per second. putations per second. package. van meunted. stallation, 
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The Countdown 


WASHINGTON 
ICBM-X To Be Proposed by BSD 


A quantity buy of the advanced intercontinental ballistic 
missile known as ICBM-X is anticipated if Dept. of Defense 
approves plans to be submitted by Ballistic Systems Division 
to Air Force headquarters early next year. Studies indicate 
the missile will be similar to an advanced Minuteman, but 
no decision has been made to limit it to solid propulsion. De- 
ployment would begin in the mid-1970’s. ICBM-X probably 
would be designed to use existing Minuteman facilities, but 
would be considerably more accurate and carry a more di- 
verse payload. 


Red China May Have Delivery System 


Speculation on how long it will take Red China to develop 
a delivery system for its new atomic bomb seems to have 
overlooked the fact it already has one such system. It was 
reported several years ago (M/R, Oct. 10, 1960, p. 15) 
that Red China possessed a number of Zulu-class submarines 
modified to launch two Soviet-designed missiles. These were 
designated as T-/0 and were said to be capable of carrying 
nuclear warheads. 


Pegasus To Decide Saturn Date 


Launch date for the next Saturn booster will be deter- 
mined by an important environmental test of the Pegasus 
satellite early next month. The launch, initially set for the 
last quarter of this year, was delayed by engineering prob- 
lems in the satellite. It now is scheduled for the first quarter 
of next year. The environmental test will determine the exact 
date. 


Apollo Abort Test Set at White Sands 


Maximum “Q” abort test of the Apollo spacecraft launch 
system is scheduled for White Sands Missile Range no earlier 
than Dec. 8. Launch by the Little Joe IJ booster also will test 
the protective cover for the Command Module, as well as 
canards used to turn the spacecraft. 


MSFC Seeks New Satellite Approval 


Marshall Space Flight Center is pushing for approval of 
a Cislunar Meteoroid Detection Satellite as payload for the 
projected Saturn 1B/Centaur launch vehicle. Martin Co. is 
studying the satellite under a $200,000 contract with Langley 
Research Center. 


Air Force To Fund Missile Studies 


Air Force has asked for bids on a highly classified study 
to define an advanced higher-performance small missile pro- 
pulsion system. It also is seeking proposals for a classified 
study of deception-basing concepts for ballistic missiles. Both 
are under the direction of Ballistic Systems Division. 


Wasp Moves into Advanced Development 


Army Missile Command is funding an advanced devel- 
Opment program for Wasp, a 40-mm anti-personnel air-to- 
surface rocket for helicopters and aircraft. Emerson Electric 
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Co. developed the lightweight, spin-stabilized rocket as an 
in-house project before winning initial funding from AMC. 


Nike-X Tooling Decision Near 


Sec. McNamara must approve funds for at least some 
pre-production tooling for Nike-X if he plans to hold to a 
schedule of deployment of the first battery in 1969-70. Unless 
this money is included in the “66 budget, it would be impos- 
sible to meet this date. Pre-production tooling money has al- 
ways been the bellwether for Nike-Zeus/X. In the latter 
1950's and 1960, the Army pressed hard for at least initial 
funds and at least once it won its case only to have the money 
go unspent when winds shifted in the Pentagon. 


Polaris Investment Now Totals $11 Billion 


U.S. investment in Polaris totals $11 billion through FY 
1965. The 41st submarine, the last in the Polaris program, 
will be ready for sea in December, 1966. Defense officials 
usually claim that the 41-boat fleet will be operational by the 
end of FY ’67. 


INDUSTRY 


California Asks for Transportation Bids 


Gov. Edmund G. Brown has asked California aerospace 
companies to submit bids on a study to suggest the kind of 
air, sea and land transportation system the state should have 
in 30-50 years. The request is one of four in a state effort to 
utilize system development talents of the industry in solving 
social problems. The governor set a 30-day deadline for sub- 
mission of bids and said any to cost more than $100,000 
would be unacceptable. Other bids were asked in the fields 
of data planning, mental illness and criminal illness. 


Thornton Sees Bright Future for Industry 


Litton board chairman Charles B. Thornton says he is 
not at all gloomy about the future of the defense industry. 
For one thing, he predicts, overseas markets are just begin- 
ning to open up. Thornton, incidentally, has been mentioned 
as a possible successor to Robert McNamara if the Secretary 
of Defense should leave the Pentagon. 


Atlantic Research Corp. on the Block? 


Possible merger or sale of Atlantic Research Corp. has 
been discussed with Lockheed Aircraft Corp. and other major 
industry firms. Clearing up of ARC's difficulties with the Se- 
curities & Exchange Commission undoubtedly would have to 
precede any such move. It is known that several major ARC 
stockholders would not be averse to an offer. 


INTERNATIONAL 


Soviets Indicate Big Space Program 


Soviet space scientists attending the space medicine sym- 
posium at San Antonio, Tex., left little doubt in the minds of 
those who talked with them that the Soviet Union is under- 
taking a major space effort. They talked freely of problems 
expected on Mars, Jupiter and the Moon. 


am 


LOOK WHAT DOUGLAS IS DOING NOW! 


TO HELP PUT MAN ON THE MOON, Saturn S-IVB is being built by 
Douglas under direction of NASA’s Marshall Space Flight Center, S-IVB is 
58 feet tall and 22 feet in diameter. As upper stage of Saturn, it will provide 
the thrust that will send 3 Apollo astronauts from earth orbit to moon orbit, 


PACKAGING THE EARTH’S ENVIRONMENT for delivery 
anywhere in the solar system is the aim of Douglas bio- 
technology research. Means are being developed to provide 
spacemen with every factor they require to allow them to sur- 
vive and perform efficiently during protracted space missions. 


MORE BOOST FOR DELTA, 
world’s most reliable space vehicle, is 
being achieved for the National Aero- 
nautics and Space Administration by 
utilizing the Air Force/Douglas Im- 
proved THOR as first stage. Douglas 
is developing the thrust-augmented 
Delta (TAD) for NASA’s Goddard 
Space Flight Center. NASA will con- 
tinue use of the standard Douglas Delta. 


O STUDY SPACE FROM UP THERE, NASA has 
signed studies of advanced planning for a six man orbiting 
ace laboratory to Douglas. It could be boosted into orbit 
y Saturn sometime in the ’70s. Crewmen, supplies and 


HE NEW DOUGLAS SPACE SYSTEMS CENTER 
| Huntington Beach, California, is one of the world’s finest 
rivately-owned space complexes. Here, talented engineers, 
jientists and technicians of the company’s Missile & Space 
ystems Division are supported by advanced facilities as 


= opal ee lt 


as al 


equipment would be ferried to and from it in Gemini cap- 
sules. Advantages to be gained from the space laboratory 
are enormous in such varied fields as weather prediction, 
medicine, bacteriology, astronomy and many others. 


they research, test and build systems and vehicles that will 
help maintain U.S. leadership in space exploration. The 
new Douglas Center is designed for continued growth. Its 
capacity will be enlarged to meet the requirements of even 
more formidable space challenges of the future. 


IN THE AIR OR OUTER SPACE... 


LAS GETS THINGS DONE! 


ELECTRONIC ENGINEERS & SCIENTISTS 


SEA-BORNE SPACE WINDOW 


A Solution to the Problem of Accurate Vehicle Injection Into 
Space Mission Trajectories. 


Insertion into a parking orbit or transfer from a parking orbit 
into a lunar/planetary ellipse can take place anywhere within a 
6000 by 2000-nm launch corridor in the South Atlantic and South 
African area bounded by latitudes 15°N and 30°S. 


To achieve the required velocity measurement accuracy of 1 ft/sec 
at 35,000 ft/sec in the injection firing window, increased range 
tracking capability across the width of the launch corridor is re- 
quired. One solution, now in the planning stage, is to slave two 
advanced instrumentation ships to an island-based station in a 
triangular configuration, maintaining minimum separation of 


250-500 nm. 


Complex problems in telemetry, navigation, tracking, communi- 
cations, and data handling must be solved. Of paramount con- 
sideration are: 


O) systems to maintain precise time synchronization among sta- 
tions and Central Control. UO) systems to measure ship vertical 


and heading within 30 seconds of arc. D) systems to measure range 
and range rate to the required accuracy. UO systems to provide 
near real-time data handling and transmission among ship/land 
stations for rapid trajectory-correction information. 


On this and other programs, assignments are immediately avail- 
able to senior electronic engineers with systems and planning 
background in: pulse and CW radar/telemetry/optics/infrared/ 
data handling/communications/closed circuit TV/frequency an- 
alysis/command control/underwater sound/timing/shipboard in- 
strumentation. 


Address inquiries in confidence to Manager, Professional Em- 
ployment, Dept. 56L-5 


4 GUIDED MISSILES 
Zs RANGE DIVISION 


PAN AMERICAN WORLD AIRWAYS, INC. 
750 S. ORLANDO AVENUE, COCOA BEACH, FLORIDA 
An Equal Opportunity Employer 
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The Missile/Space Week 


Gemini, Centaur Shots Due This Week 


Two important steps in the U.S. 
space program—the launches of 
Gemini/ Titan II and Centaur 4—are 
scheduled from Cape Kennedy this 
week. 

GT-2 will be an all systems subor- 
bital flight down the Atlantic missile 
range slated for no earlier than Dec. 
7. Primary objectives of the flight 
are an all-systems test of the space- 
craft subsystems and the gathering 
of re-entry heating measurements to 
provide data for future manned or- 
bital flights. 

The Atlas-Centaur 4 flight is 
scheduled to go no earlier than Dec. 
4. The flight profile calls for three 
important firsts in the liquid hydro- 
gen upper stage’s research and de- 
velopment program. 

It will be the first time for the 
vehicle to be steered by its inertial 
guidance system, the first time it will 
carry a mass model of the 2,100-lb. 
Surveyor spacecraft that Centaur 
will boost toward the Moon in late 
1965 or early 1966, and it will be the 
first time that the Centaur engines 
will have been shut down and re- 
started in space. 

During the Gemini launch, the 
Titan II booster will boost the 7,000- 
Ib. spacecraft to an altitude of 105 
miles, then arch it over and plunge 
it toward the Atlantic Ocean at a 
speed of 16,600 mph. This is far 
greater than the nominal re-entry 
speed expected during orbital flights. 

The flight will last about 20 min- 
utes. Plans call for the spacecraft to 
be recovered at its impact point 2,150 
miles down range from Cape Ken- 
nedy. If all goes well, the impact site 
will be 800 miles east of San Juan, 
Puerto Rico. 

The results of GT-2 will have an 
important bearing on the first 
manned orbital flight in the two-man 
space flight series now scheduled for 
next spring. If technical problems 
develop during GT-2, the likelihood is 
that GT-3 will be delayed. 

Secondary objectives of the Cen- 
taur flight are to: 

—Obtain data on performance of 
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Centaur’s main engine system; 

—Test Centaur’s capability to 
perform a retromaneuver ; 

—Obtain data on vehicle accelera- 
tion; 

—Obtain information on propel- 
lant behavior and heat transfer; 

—Demonstrate the capability of 
the small rocket motors (ullage rock- 
ets) on the Centaur to position the 
fuel for proper engine restart and 
burn while the vehicle is in a state 
of weightlessness. 

The Atlas booster will lift Cen- 
taur to an altitude of 72 miles. After 
jettisoning the Atlas first stage and 


the insulation panels, the Centaur en- 
gines are ignited at an altitude of 75 
miles, injecting the upper stage into 
a 100-mile parking orbit. 

After the engines are shut down, 
Centaur and its Surveyor payload 
will coast for about 25 minutes. Its 
engines will then be restarted to in- 
ject both into an elliptical orbit of 
5,700 miles apogee and 100 miles 
perigee. The orbital period will be 
192 minutes. 

Centaur and its dummy payload 
will weigh some 6,500 Ibs. in orbit. 

Immediately after second burn, 
the Centaur will be turned around in 


Firing Tests Titan III-C Flight Instrumentation 


FIRST TEST of Titan II-C flight instrumentation system was coupled to this static 
firing of the 120-in. solid booster at United Technology Center, Coyote, Calif. More than 
300 types of data were collected during the two-minute firing. Two of these million- 
pound-thrust units will boost the Titan III-C in flight tests beginning next year at Cape 
Kennedy. The vehicle is slated to launch payloads including the Air Force Manned 
Orbiting Laboratory and communication satellites. 
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WE STARTED OUT SMALL BUT 


WE’VE GROWN SMALLER 


AND SMALLER AND 


Take, for example, the 2!2-count Optisyn — 
Back in 1960 it was 344” in diameter, 
By 1962 it had shrunk to 24”, 
Last time we looked it was down to 1%6”, 


And now if we have to (if you need it) we can 
make one in 34” diameter. How do we know? 
We know because we've already done 22 


(that’s 256 times 2!2) in that original 34” 
diameter. That’s how we know! 
You must need an optical shaft-angle encoder 
with — 

Higher Resolution and Higher Accuracy 

in Smaller Size with Greater Reliability 


Everyone does these days. 


DYNAMICS RESEARCH CORPORATION 


Stoneham, Mass. 02180 - Telephone — 617/438-3900 


Sa 
Y.-F 
i 


16 Circle No. 105 on Subscriber Service Card 


q 


preparation for a retromaneuver. 
This is designed to move the upper 
stage away from the Surveyor space- 
craft, although in the AC-4 test ac- 
tual separation will not occur. 

Liquid hydrogen and oxygen, how- 
ever, will be blown through Centaur’s 
engines providing sufficient thrust to 
effect a change in velocity. 

Centaur contains an all-inertial 
guidance system that will be flown 
“closed loop” for the first time on 
AC-4. On previous missions, the guid- 
ance system was functioning for 
evaluation purposes but was not in 
control of the vehicle. 

The guidance system, developed 
for NASA by Honeywell, Inc., con- 
sists of an inertial platform, digital 
computer and associated electronics. 

After liftoff, vehicle velocity and 
position and vehicle guidance com- 


| mands will be continuously computed 


by the inertial system for the ve- 
hicle’s autopilot, which will execute 
control functions such as engine 
gimballing, cutoff and restart. 

The 2,100-lb. Surveyor mass model 
is representative of the operational 
spacecraft in weight and location of 
center of gravity. It also is shaped to 
dynamically simulate Swurveyor’s 


_ fundamental modes and frequencies 


of vibration. 

The model consists of ballast 
simulating the Surveyor retro-rocket 
and solar cell panel/high-gain mast 
assemblies. No electrical or electronic 
equipment is contained on the model, 
with the exception of environmental 
sensors, associated cabling and Cen- 
taur/mass model interface electrical 
connectors. 


Deep Sea Program Started 


A $200-million Navy program for 
Development and exploitation of deep 
submergence vehicles is under way 
within the Special Projects Office 
of the Navy. 

Reprogramming of $3.5 million 
has allowed the Navy to start this 
program in FY ’65, rather than wait- 


_ ing for the new budget. This reflects 


the importance that the Navy and 
the Defense Dept. attach to the new 
program. 

Funding, while substantial, is 
about $130 million below that recom- 
mended by the Deep Submergence 
Systems Group (DSSG), headed by 
Rear Adm. E. C. Stephan, USN 
(Ret.). This group had studied the 
Navy plan and capability for location, 
identification, rescue from and re- 
covery of deeply submerged objects 
from the ocean floor and was respon- 
sible for recommending a five-year 
program to top Navy officials. 

The DSSG grew out of the April 
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The world’s most powerful vibration testing system operates within 4.9 miles of the nearest gantry of the George C. 
Marshall Space Flight Center. So does the acoustical generator that has produced one of the loudest sustained noises 
ever created by man. And now the fastest and most complete data processing installation specifically designed for analyz- 
ing and correlating vibration and acoustic environmental test data. They are all part of the 125-acre Huntsville, Alabama, 
facility of Wyle Laboratories, situated just across the road from the Army Missile Command’s Redstone Arsenal, to provide 
the aerospace industry with on-the-job capabilities for major engineering, testing, research and analysis. The wide range 
of equipment and services available covers the testing of components and systems in Induced Environments, Natural 
Environments, Functional Testing, and Combined Environment Testing, and Support Services including chemical clean- 
ing, instrumentation, and instrument calibration. Huntsville capabilities backed up by Wyle California installations com- 
prise the world’s largest aerospace testing company. WYLE LABORATORIES 

Huntsville, Alabama / El Segundo and Norco, California, 
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OFFERS 100 TIMES 
BETTER ACCURACY 


Microdot Model 412 FM Signal Generator 
achieves frequency accuracy of 0.0003% 
and better stability than other instru- 
ments of comparable size througha 
crystal-controlled time base generator. 

In addition, many convenience fea- 
tures make the 412 the easiest-to-use, 
most practical unit available. Single- 
knob frequency control permits fast 
frequency search. Lighted push but- 
tons virtually eliminate human error. 
IItuminated digital frequency display 
enables instantaneous interpretation 
of output. The compact and relatively 
lightweight 412 is ideal for command 
receiver checkout and a variety of 
applications in aircraft, on shipboard, 
in missiles and spacecraft, and in 
logistic electronic repair. 


POWER OSCILLATOR QUINTUPLETS 
Microdot's family of five power oscillators, 
identical except for frequency ranges, cover 
the spectrum from 10 to 1800 mc. Features 
include excellent power stability, easy reset- 
tability, compact design and maintenance 
accessibility. Write for complete details. 


MICRODOT INC. 
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10, 1963, Thresher disaster and the 
Navy’s inability to cope with the 
problem of finding it. 

The primary difference between 
the Chief of Naval Operations re- 
quirements in deep submergence and 
the DSSG’s recommendations is in 
the number of vehicles to be built. 
Both programs cover five areas: sub- 


marine location escape and rescue’ 


systems; large object salvage sys- 
tems; deep ocean research, investiga- 
tion and small object recovery; man 
in the sea, and supporting research. 

RFP’s are expected to be issued 
to industry in the spring and early 
summer of 1965 for various subsys- 
tems to fulfill deep submergence 
needs. If Special Projects can obtain 
a waiver from DDR&E for program 
definition, a contract could be issued 
by fall of 1965. 

SP officials feel that the unique 
character of the program might win 
a PDP dispensation. If it does not, 
development contracts would be de- 
layed for a minimum of eight 
months. Separate contracts are ex- 
pected to be issued for the major 
sub-systems—such as the pressure 


| capsule, the sensor suit, the free-flood 


vehicle and the integration, control 
and internal systems—with SP act- 
ing as its own systems contractor. 
This is in keeping with the project’s 
method of doing business on the 
Polaris program. 

The major problem foreseen in 
the deep submergence program, and 
one that is expected to be limiting 
in all its efforts, is that of developing, 
fabricating and using materials. 
Prime candidates at the moment are 
high-yield-strength (150,000 psi) 
steels and 120,000-psi titanium. 
Fiber-reinforced plastics of 200,000- 
psi yields and massive glass at 300,- 
000 psi are also possibilities. 


| Westinghouse Awarded 487L 


Final winner of the Air Force’s 
487L Survivable Communications 
System appears to be Westinghouse 
Electric Corp. In the second (cost) 
phase competition with Space-Gen- 
eral Corp., Westinghouse bid $30.3 
million as compared with $36.2 mil- 
lion for system development. 

Now subject to review and proba- 
ble further negotiation by the Air 
Force Electronic Systems Div., the 
contract will involve development of 
several semi-hardened transmitter 
stations employing 1,200-ft.-high 
towers, a large number of hardened 
receiver sites, and airborne com- 
mand-post stations. Operating at 
very-low and low frequencies, 
ground-to-ground, ground-to-air and 
air-to-ground telecommunications 


circuits will be required. 

The system will be designed to 
handle command and control data 
between the Joint Chiefs of Staff, 
the Commander of the Strategic Air 
Command and the SAC forces. 

Other bidders in the earlier Phase ~ 
1 (technical) competition included 
IT&T Corp., Sanders Associates, 
Inc, TMC Corp., Ling-Temco- 
Vought, Inc., Collins Radio Co., Page 
Communications Engineers, Inc., and 
Radio Corp. of America. 


Old ICBM Phase-Out Due 


First generation U.S. ICBM’s 
will be completely phased out by July, 
1965, with the less vulnerable, faster- 
reacting and more accurate Minute- 
man and Polaris missiles almost com- 
pletely assuming the role of U.S. 
strategic deterrent. 

All 54 of the ‘‘generation-and-a- 
half” Titan IT storable fuel ICBM’s 
will be retained, however. This was 
revealed in Defense Secretary Rob- 
ert S. McNamara’s latest rash of base 
closings, which is eventually expected 
to add $477 million a year in savings 
in operating costs to the already bet- 
ter than one-half million dollars 
saved in previous base closings. 

It has not yet been disclosed 
whether the Atlas and Titan missiles 
being phased out will be converted 
to space boosters, as was done in the 
case of Thor missiles brought back 
from England. However, General Dy- 
namics has run studies for the Air 
Force on this subject, with the con- 
clusion that modifications to the At- 
lases can be made, although the cost 
advantages are in some question. 

Titan II is being retained pri- 
marily because of its large payload 
capability. With the exception of 
manned aircraft, this missile can 
carry the largest nuclear weapon 
available in the U.S. It is estimated 
that the Titan IJ warhead has a yield 
of between 15 and 20 megatons. 

The announcement that the Atlas 
and Titan I missiles would be phased 
out was somewhat surprising. The 
FY ’65 budget originally called for 
retirement of only 29 of the earliest 
Atlases, mostly D versions. The plan 
originally was to phase out these soft, 
relatively unreliable and cumbersome 
missiles from the inventory over the 
next several years. However, the 
pressure to get a dollar’s worth of 
defense for every dollar spent ap- 
pears to have accelerated the sched- 
ule. 

Asked if the Atlas and Titan re- 
tirement represented a step in arms 
reduction, McNamara replied “there 
is absolutely no connection between 
arms reduction and these closures. 
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Douglas Saturn Stage Production Humming 


THREE S-IVB stages, the top stage of the Saturn V launch vehicle, are shown in various 
stages of completion at Douglas Aircraft Co.'s Space Systems Center, Huntington Beach, 
Calif. The S-IVB stage is 60 ft. long and 22 ft. in diameter. At right, newly completed 
dynamics test stage is in final checkout. In adjacent tower, another stage undergoes 
cleaning and degreasing before checkout. Vehicle in horizontal position is being readied 
for placement in hydrostatic tank for pressure tests. 


In fact, they leave us better pre- 
pared to carry out our defense and 
civilian needs.” 

This is the schedule for inactiva- 
tion of these missiles: 

—Titan I missile bases—By 
April, 1965, squadrons at Beale, 
AFB, Calif.; Ellsworth AFB, S8.D.; 
and Larson AFB, Wash. By July, 
1965, two Titan I squadrons at Low- 
ry AFB, Colo., and one at Mountain 
Home AFB, Idaho. 

—Atlas E’s—By April, 1965, 
squadrons at Forbes AFB, Kan., and 
Francis E. Warren AFB, Wyo. By 
July, squadron at Fairchild AFB, 
Wash. 

—Atlas F’s—By April, 1965, 
Squadrons at Walker AFB, N.M.; 
Altus AFB, Okla.; and Dyess AFB, 
Tex. By July, 1965, those at Schilling 
AFB, Kan.; Lincoln AFB, Neb.; and 
Plattsburg AFB, N.Y. 

Closing of the bases has led to 
considerable Congressional reaction. 


The Senate Armed Services Commit- 
tee will be asked to consider the 
whole situation by member Sen. Clif- 
ford P. Case (R-N.J.). Sen. George 
McGovern (D-S.D.) said he will rein- 
troduce his Economic Conversion Act 
when the Congress convenes in Jan- 
uary. 

McGovern said that the base clos- 
ings reemphasizes the need for con- 
version planning, and that a three- 
or four-man adjustment assistance 
office is not enough. 


Shots of the Week 


NASA on Nov. 21 used a Scout 
vehicle to launch its first double pay- 
load into the Earth’s upper atmos- 
phere to probe the mysteries of air 
density and radiation at that level. 

The shot, carrying Air Density 
and Injun satellites, was postponed 
from the intended Nov. 19 launch 
date when a payload separation de- 
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Power Oscillators? 
We've Got Quintuplets! 


5 MICRODOT MODELS 
10-1800 MC FREQUENCY 


Microdot now offers a family of five 
power oscillators, identical except for 
their frequency ranges which vary from 
10 to 1800 mc. The units offer superior 
performance for antenna evaluation, 
calibration of power measuring 
devices, driving amplifiers, providing 
more than 50 watts between 10-1000 
mc and more than 25 watts between 
900-1800 mc. 

They provide extremely constant 
output and highly accurate frequency 
control. Excellent power stability is 
ensured by power supply regulation to 
1%. Resettability up to 0.002% is 
achieved by a logging scale of four- 
place accuracy with a high ratio dial 
having negligible backlash. A selector 
knob permits operations in three modes. 


COMPANION POWER AMPLIFIER 
Model 248 Power Amplifier operates in the 
200-1000 mc range. Can be used with 
Microdot Power Oscillators or other driving 
sources. Input 25 watts; output 150 watts to 
600 mc, 100 watts to 1000 mc. Incidental 
AM less than 1%. Write for detailed specs. 


MICRODOT INC. 
. 220 Pasadena Avenue 
South Pasadena, California 
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vice was prematurely activated dur- 
ing prelaunch checkout (M/R, Nov. 

p. 9). 

‘he Air Density satellite is a 12- 
_-dia. balloon, identical to Explorers 
9 and 19. It weighs 19 lbs. and is 
covered with aluminum foil to reflect 
both sunlight and radio waves. Ap- 
proximately 4,000 white spots on the 
surface provide temperature control. 
When successfully launched, it was 
designated Explorer 24. 

The Injun satellite, designed to 
measure bombardment of the Earth’s 
atmosphere by energetic particles, 
weighs 90 lbs. Built for NASA by 


scientists at the University of Iowa, 
the satellite is roughly spherical in 
shape and measures 24 in. in diam- 
eter. Injun has 40 flat surfaces, 30 
of them studded with solar cells. It 
is now designated Explorer 25. 
Orbital parameters, all close to 
nominal, are apogee of 1,552 miles 
for Explorer 24 and 1,548 miles for 


Explorer 25. Both satellites have 


perigees of 325 miles, periods of 116 
minutes and inclination to the Equa- 
tor of 81 degrees. 

e A second-stage engine malfunc- 
tion caused one of the four Pershing 
tactical missiles launched Nov. 18-19 


USAF Minuteman ICBM 
uses GLC Graphite in 


First Stage Rocket 


Rocket nozzles and conver- 
gent-divergent cones made of 
Great Lakes Carbon Corpora- 
tion’s HLM-85 grade graphite 
are standard in the first stage 
solid propellant motor for the 
Minuteman Missile. Our 
H-249 grade graphite is also 
employed in the motor of the 
Minuteman’s third stage. 


GLC’s HLM-85 and H-249 
graphites are notable for high 
density and erosion resistance. 


HLM-85 and H-249 grades 
of graphite are in full produc- 
tion. Ample supplies are avail- 
able in a wide choice of sizes 
and shapes. 

Advanced grades of GLC 
graphite are also being devel- 
oped in our research labora- 
tories to meet newer applica- 
tions in aerospace technology. 
Your inquiry is cordially in- 
vited and will receive imme- 
diate attention. 


GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK, N.Y.10017—OFFICES IN PRINCIPAL CITIES 


a 


< 
Oo 


QMISION 
(4 


& 
Can * 


20 


GRAPHITE PRODUCTS 


Photo by Thiokol Chemical Corporation 
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from White Sands Missile Range to 
impact off the range near Creede, 
Colo. The errant missile was the 
fourth shot, launched Nov. 19. The 
preceding three firings were all suc- 
cessful. All launches were conducted 
by batteries of the 3rd Battalion, 
84th Artillery, Ft. Sill, Okla. 


Gratuity Ban Effects Vary 


The Dept. of Defense directive 
banning DOD military and civilian 
personnel from accepting any 
lunches, drinks or other gratuities 
from contractors (M/R, Oct. 5, p. 
16) now is in effect. In one of the 
early reactions, Radio Corp. of Amer- 
ica issued a company memorandum 
instructing its employees to refrain 
from buying lunches for any govern- 
ment officials. 

RCA said it extended the policy 
to all government officials in order to 
“treat all customers alike.” 

A number of other industry firms 
put into effect or continued a policy 
of not keeping records of government 
personnel entertained on business ex- 
pense accounts. Several firms also 
made it known that they refused to 
reveal such names during the Gen- 
eral Accounting Office probe into ex- 
pense accounts (M/R, Nov. 23, p. 9). 

Meanwhile, a spokesman for the 
House Armed Services Special In- 
vestigating Subcommittee denied re- 
ports that GAO was carrying out its 
investigation on behalf of the sub- 
committee. It was explained that the 
group, headed by Rep. Porter Hardy 
(D-Va.), is conducting an investiga- 
tion, but that it is aimed at the ac- 
tivities of Aerospace Corp. 

Rep. Hardy said he plans full 
hearings on the non-profit organiza- 
tion in February. The chairman ac- 
knowledged that staff investigators 
also have looked into the new DOD 
standards of conduct code, but a sub- 
committee spokesman said GAO was 
not involved. 


Scandinavians Join Comsat Net 


The ground station at Rao, Swe- 
den, about 225 miles southwest of 


| Stockholm, joined the growing world 


network of communications satellite 
ground stations Nov. 26. 
Taped television messages will be 
sent to the new station via NASA’s 
| Relay I satellite from the space 
agency’s ground station at Mojave, 
Calif. 

Associate Administrator Dr. Rob- 
ert C. Seamans, Jr., and the ambas- 
| sadors of Sweden, Norway and Den- 
mark took part in the taped program 
produced by the United States Infor- 
mation Agency. The ambassadors are 
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Spanning the Spectrum of Systems 
and Instrumentation 


ASTRODATA’s capabilities span a very broad 
spectrum of systems and instrumentation applica- 
tions. Examples: a high-speed digital data system 
samples information from rocket engine tests at 
15,000 channels per second, conditions, amplifies 
and digitizes analog data and records the results on 
tape with high accuracy, for entry into an off-line 
computer. Or, a system under computer control for 
acquiring test data from a mach 15 wind-tunnel, 
performance of this over-all system indicates end-to- 
end uncertainty, using 2.5 mv full-scale signals, is 
less than 0.75 xv, or 0.025% of full scale (3 sigma). 
As far as we know, that’s the most accurate low-level 
data system ever built. Or, a computer - centered 
system, used for the remote control of an astronomical 


telescope. This system acquires 30 channels of analog 
information from the telescope and transmits data 
received on various experiments as they are con- 
ducted, to an on-line computer. Or, a hybrid com- 
puter system used for complex simulation studies. 
This hybrid system, the largest ever built, has over 
400 operational amplifiers, 30 function generators, 40 
multipliers and 60 summing amplifiers — all solid- 
state, field-proven equipment. 


For more information on ASTRODATA’s extensive 
experience in data acquisition and processing, tele- 
metry, range timing instrumentation or hybrid com- 
puter techniques, please write for our 20-page 
brochure, “Systems Experience.” 


A STERODATTA 
P.O. Box 3003 * 240 E. Palais Road, Anaheim, California ® 92803 
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IMMEDIATE 
OPENINGS 


Substantial growth in com- 
pany sponsored and contract 
research programs con- 
tinues to create challenging 
positions: 


Organic & Analytical Chemists 


with strong background in 
instrumentation in the fields 
of visible, ultra-violet and 
infra-red spectroscopy, flame 
photometry and gas chroma- 
tography for chemical ana- 
lytical instruments. An ad- 
vanced degree is desired. 


Infra-red Physicists 


for developmental work in 
the use of infra-red detectors 
and optics and their applica- 
tion for chemical analysis. 
An advanced degree is 
desired. 


Electrical Engineers 

with design and experi- 
mental experience in minia- 
turized and low level audio 
equipment, for work in am- 
plification problems on high 
reliability equipment. BSEE 
required. 


Write To Clarence Endstey 
Professional Piacement 
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Count Kield Gustav Kunth-Winter- 
feldt of Denmark, Hans Kristian En- 
gen of Norway and Hubert de Besche 
of Sweden. 

The 10-minute program will be 
seen by about five million viewers 
throughout Scandinavia via a net- 
work pickup at the Rao station. 

The station is a joint effort of 
Norway, Denmark and Sweden. 
These countries join the United 
States, Britain, France, Germany, 
Italy, Brazil, Japan and Spain in the 
communications satellite ground sta- 
tion network. 


New Apollo Station Announced 


NASA announced that it will es- 
tablish an Apollo tracking station at 


| Honeysuckle Creek, near Canberra, 


Australia, 


Saturn V Low Bidder Named 


An apparent low bid of $19,055,- 
953 was submitted by the George A. 
Fuller Co. of Los Angeles to the 
Canaveral District of the Army 
Corps of Engineers Nov. 24 for con- 
struction of Pad B of Saturn V Com- 


plex 39 at Merritt Island, Fla. 


Pad B will essentially duplicate 
Pad A, which has been under con- 
struction for a year and is now 60% 
complete. It is octagonal in shape, 
covers more than one quarter of a 
square mile, and rises some 50 ft. 
above the surrounding countryside. 
It will be located on the oceanfront 
north of Pad A. 

The pad will be constructed of 
cellular reinforced concrete and will 
include buildings to house environ- 
mental control and pad terminal 
equipment, high-pressure gases, fa- 
cilities for tying down the mobile 
launch tower, television camera tow- 
ers, fuel-holding equipment and a 
sewage treatment facility. The con- 
tract also provides for building a 
two-mile section of crawlerway for 
transporting launch and arming 
towers to the pad. 

Blount Bros. Corp. and the M. M. 
Sundt Construction Co. are jointly 
building Pad A under a $19.3-million 


contract. Government estimate for © 


the cost of Pad B was $18,306,579. 


Realignment at Redstone 


Individual missile system offices 
have been consolidated into two of- 
fices in a major management realign- 
ment at Redstone Arsenal. 

Col. Cyril D. Sterner has been 


named head of the Land Combat Com- — 


modity Office and Col. Richard Irvin, 
Jr., has been chosen to manage the 
Air Defense Commodity Office. 
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WIND-UP WITH 
TIME & 


50% SAVINGS IN 
MONEY 


USE DYNA-THERM’S NEW D-65 CABL-RAP PROTECTION 


Now, Dyna-Therm crowns its 10-year record of 
problem solving in the G.S.E. field with another 
common sense answer to space age coating 
applications—a new D-65 TAPE produced in 
response to a request from our Field Service 
Division —developed in cooperation with NASA 
Engineering. Product-in-Use reports show thermal 
resistant coating application TIME AND COSTS 
REDUCED BY 50% OR MORE...with a signifi- 
cant increase in protection reliability. This is 
just one more example of Dyna-Therm's creative 
research and practical ingenuity...it should 
be working for you. So, write for our colorfully 
illustrated brochure today. 


DY NA-THERM CORPORATION 


-) 


Soe 


QUALITY PRODUCTS THROUGH CREATIVE RESEARCH 
598 W. AVENUE 26, LOS ANGELES 65, CALIF. (90065) PHONE (213) 223-2415 L 
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ASK FOR DETAILS ON; 

e D-65—Credited by the Air Force with savings of 
$12,000,000 on 36 Atlas Missile firings. An ablative, 
insulative protector that shields a multitude of launch 
pad components. 

Masrock—a remarkable refractory ceramic fused 
silica ideal for high heat/blast areas. 

Flamemastic F-700—a performance-proven blast 
barrier that allows standard structural materials to 
withstand high heat/blast. 

7275 —a highly practical high heat launcher coating. 

e V-400—Coating system that withstands corrosive 
environments. 

E-300 —A trowel or spray-applied mastic compound. 

e D-4327 —A tough Lox compatible coating. 


| NAME 

{ TITLE 

1 COMPANY. 
| ADDRESS 


The Land Combat Commodity Of- 
fice responsibilities will include anti- 
tank weapons such as ENTAC and 
the medium anti-tank/assault weapon 
(MAW), the X-22 and XM-3 aircraft 
weaponization programs, and artil- 
lery weapons including Honest John 
and Little John. 

The Air Defense Commodity Of- 
fice will be responsible for directing 
the target missile, multi-system test 


MISSION ANALYSTS 
What will You be doing in 1969? 


LYYy \\ Trajectory Analysis 
Fae <\ Familiarity with the use of 
\ digital computation, analyti- 


cally inclined, with back- 
py ground in space mechanics. 


f you act now, you could be 
werkne with TRW Spey 
Technology Laboratories ine 
its new Manned seater 
Department at Houston and 
be a vital part of the Apollo 


Program. As you know, the (Pe 


Apollo lunar probe is sched- 
uled for 1969. 


new Houston facility. STL 
has responsibility to NASA 
for Apollo mission planning, Ys 
mission analysis and real-time 4 
program development. Conse- / 
quently, STL has ground-floor 
opportunities in Houston that 


oratories is now staffing its / I 


experience and training in 
these areas: 


Theoretical background in 
AN celestial mechanics, orbit de- 

\ termination and/or related 
RSS fields of math, physics or 
astronomy. 


ip 


TRW Space Technology ra ff 


Guidance Analysis 
A\\ Feisty with techniques 
for missile guidance and ex- 
perience in orbital mechanics, 
random processes and sta- 
‘ tistics. 


ACT NOW! Forward your 
resume immediately to S, A. 
Shirley at STL’s address 
below. 


may never be available again. 
STL needs employees with 


Mission Analysis 
Strong analytical ability and 


TRW space recHNOLOOY LABORATORIES 


THOMPSON AAMO WOOLORIOGE Inc. 


equipment and division air defense 
systems programs. 


Beckman Wins STARS Contest 


Beckman Instruments Corp. has 
been picked by NASA’s Goddard 
Space Flight Center to negotiate a 
contract for the second phase of the 
Space agency’s Satellite Tele- 
metry Automatic Reduction Systems 
(STARS) program. 

The Fullerton, Calif., firm won 
the award, expected to be worth more 
than $1 million, in a contest with 
Electro-Mechanical Research, Inc., 
of Sarasota, Fla. 

Beckman will design and develop 


three STARS II units, each consist- 
ing of telemetry equipment for pro- 
viding raw data for computer proces- 
sing. This system is a follow-on to 
STARS I, which has been employed 
at Goddard to process data from 


technical originality with 
broad background in flight 
mechanics, astronautics, mis- 
sile guidance and mission 
performance. 


smaller scientific satellites. The new 
system will provide GSFC with in- 
creased capability to handle the big- 


Va ger volume of data expected to be 
produced by observatory-class sat- 
ellites. 

TRANS WORLD AIRLINES, INC. ae 
os PRIME CONTRACTOR TO Communications RFP’s Asked | 
SZ NATIONAL AERONAUTICS AND SPACE ADMIN- RFP’s are due Dec simaae ane 


ISTRATION FOR BASE SUPPORT SERVICES AT THE 
JOHN F. KENNEDY SPACE CENTER, MERRITT ISLAND, FLORIDA OFFERS 
CHALLENGING OPPORTUNITIES IN FACILITY ENGINEERING. 


Manned Spacecraft Center study to 
determine the feasibility of laser 
communications for long-distance 
space travel. 

The study, last in a series of 
three, calls for investigation of a 
system capable of providing televi- 
sion, voice and telemetry communi- 
cations on a single laser beam over 
ranges up to 50-million miles from 
Earth. 

NASA officials emphasized that 
the study is for post-Apollo applica- 
tions and involves feasibility only. 
If hardware follow-on is funded, it 
is to be packaged, rather than bread- 
boarded, with minimum space and 
weight, MSC officials said. 

Requirements include a _ band- 
width wide enough to accommodate 
a 5-me TV channel, 4-de voice and 
1-ke telemetry channel, with space 
for additional telemetry channels to 
be included later. 

The two previous studies include 


e ARCHITECTURAL ENGINEERS 
© CIVIL ENGINEERS 

e ELECTRICAL ENGINEERS 

e INDUSTRIAL ENGINEERS 

¢ MECHANICAL ENGINEERS 


A rewording coreer owoits those quolifying for a 
job opportunities with one of the world’s leoding ee 
tronsportotion systems. 


EMPLOYEE BENEFITS INCLUDE: 
FREE AIRLINE TRANSPORTATION FOR 
EMPLOYEE AND FAMILY 
GROUP INSURANCE 
RETIREMENT PROGRAM 
OTHER EXCELLENT EMPLOYEE 
BENEFITS 


SEND DETAILED RESUME To: 


DEPARTMENT “N’' 

TWA EMPLOYMEN 

5505 N. Atlantic / 

P. O. Box 1089, Cr. ng 
COCOA BEACH, FLOK!°/ 
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benson-lehmer presents: A COMPLETE LINE OF 


Com pute rT 
S&S Pap hic 


The Boscar Model S is a solid-state semi-auto- 
matic reader for rapid reduction of coordinate lo- 
cations on film to digital form suitable for com- 
puter entry. Designed primarily for the reduction 
of 16, 35 or 70mm photo-theodolite film data, the 
Boscar Model S may be used for a variety of film- 
reading tasks. ‘ 


The Draftomatic Incremental Plotter operates 
from direct digital commands at a speed of 18,000 
steps per minute with a high resolution of .005 
inches. The plotter is designed to operate on-line 
for quick-look hard copy or sophisticated on-line 
time shared display of computer output. The 
Draftomatic will produce fully annotated plots / 
under complete computer control. It is the fastest, ~ 
most reliable digital plotter available today. 


The Benson-Lehner Magnetic Tape Plotting Sys- 
tem is a completely self-contained automatic plot- 
ting system, capable of producing fully annotated 
plots from computer magnetic tapes. The plotting 
system can produce hundreds of plots from one 
2400-foot magnetic tape reel that takes less than 
5 minutes of computer time to write on most digi- 
tal computers. The tape transport is designed to 
read computer tapes continuously. It accepts 
tapes written in 200, 556 and 800 bpi densities 
in gapped or gapless format. i 


2. 


The Draftomatic Magnetic Tape Plotting System 
produces an X-Y plot from data recorded on mag- 
netic tape by digital computers (or any computer 
writing IBM-compatible tape). Flexibility of the 
system permits the use of sub-routines for genera- 
tion of any desired symbols, letters, numerals, or 
scale markings. Data is plotted in either a con- 
tinuous curve or discrete points. 


on-lehner corporation 
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MEANS FACILITIES — Striving for perfection, Bell recently opened 
a new 20,899 square-foot clean room building constructed at a 
cost of $700,000. It includes Class 4 facilities and expands Bell's 
total clean room area. These facilities are used for the production 
of gyros, inertial platforms and optical equipment. . . the testing of 
accelerometers and velocity meters.,.and the assembly of Bell’s 
HIPERNAS (High Performance Navigation System), which is a versa- 
tile, pure inertial guidance system of proven reliability that can 
pinpoint a long-range missile on target or guide a satellite or space 
ship to any point in the universe, 


ONE HUNDRED PERCENT RELIABILITY! The Bell 
Rocket Belt, the only device of its type known to exist 
today, made its first flight on April 20, 1961. It has 
since made over 1200 flights on four continents, the 
majority on a split-second schedule under varied weather 
conditions, with a perfect reliability record. 


MEANS PERFORMANCE — Agena rocket engines, in production at 
Bell since 1958, have put more scientific payload into space than 
all other rocket engines combined. Including more than 100 firings 
in space, the Agena has a demonstrated reliability record of 99.7% 
,.. iS used on Mariner, Ranger and other programs... will be used 
on future space efforts. 


oa - - 

Asse mbling a Brig !1 gyro for Bell’s HIPERNAS 

V soe System.) This compact, lightweight 
gation system has been selected for the AN/USQ- 

m. It will perform the navigation mission and stabilize 

eras with the high degree of accuracy required for ultra-precise 
Air Force mapping and survey operations. 


EANS INFORMATION —The Electronic Data Processing Center 
ntains a new IBM 7090 high speed computer and two-tape 1401 
computers as off-line equipment. The Center handles computations 
for all phases of aircraft, avionic and rocket engine design and 
reliability testing. A multichannel Beckman 210 analog-to-digital 
converter provides data to the 7090 minutes after.firing. 


IEANS PEOPLE—An aggressive 12 session training program 
prepared by the Quality Department presents actual current exhibits 
orceably demonstrating reliability as a ‘peoples’ responsibility. Over 
0% of total employment attend. The audience consists of person- 
el from Manufacturing, Quality, Procurement, Engineering, Program 
Management, Sales Engineering and Maintenance Departments. 


- 3 5S 
MEANS TESTING — Environmental Test Laboratory showing test 
benches, temperature-altitude chambers and a space chamber. 
Tests on everything from simple components to large complex 
systems are performed here and with the 8,000 pieces of com- 
mercial test equipment available. In the field of environmental 
testing, Bell is equipped to perform comprehensive reliability tests 
and to meet Mil Specs for all equipment. 


MEANS DEPENDABILITY — The only reaction controls used by man 
in space. These controls were originated in 1953 when it was found 
that conventional aerodynamic control surfaces are ineffective at 
extreme altitudes. The Bell controls have since performed success: 
fully on all Mercury and X-15 flights, 


MEANS PROGRESS — The Lunar Excurslon Module ascent engine 
represents one of the most difficult Apollo development items... 
and must bring man back from the moon. Burning storeable 
hypergolic propellants, the engine has a thrust of 3,500 pounds. 
This ablative engine has a reliability goal of 100%. A major step 
towards this achievement has been a recent successful full duration 
altitude firing of the thrust chamber, 


Bell’s record of reliability as presented in pictures and captions on these pages speaks for itself. Agena Engine — 99.7% 
| demonstrated reliability including more than 100 firings in space, Reaction Controls — have performed on every Mercury and 
X-15 program, Rocket Belt — 100% reliability in over 1200 flights. Reliability is not a new word at Bell... it has been a way 
of life throughout the Bell organization for years... it is an inherent characteristic of all Bell-built equipment. 

| BELL AEROSYSTEMS COMPANY 
JO DIVISION OF BELL AEROSPACE CORPORATION -A fexironl| COMPANY 
P.O. Box 1, Buffalo, N.Y. 14240 
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Saturn... the dependable 


On January 29, NASA’s Saturn SA-5 lifted 
off from the pad at the John F. Kennedy Space 
Center carrying the first live S-IV second stage 
and the heaviest payload ever orbited—more 
than 37,000 pounds. 

It thus established beyond a doubt the de- 
pendability of Saturn I, and its fitness for the key 
role it will play in our nation’s space exploration 
program. 

The role of the upcoming Saturn IB inthe 
NASA Apollo program will be to earth orbit 
manned Apollo spacecraft vehicles for tests of 
the rendezvous and docking methods to be used 
in later manned lunar landing flights. 

It is «Iso the logical vehicle for all programs 
where reli ' from the present weight and space 
restrictions ayload are desired. 


booster of the space age 


In fulfilling its role in the expanding national 
space program CHRYSLER Corporation SPACE 
Division—prime contractor to NASA for the 
first stage of the Saturn I and IB vehicles—has a 
continuing need for creative, experienced 
engineers and scientists at all levels and in 
many disciplines. Some of the challenging posi- 
tions now open are listed on the page opposite. 

Chrysler activities on the Saturn I/IB are di- 
vided among three pleasant Southern locations 
where you will find a rewarding professional cli- 
mate and congenial living conditions. 

Send your resume, in confidence, to Person- 
nel Dept. B-9 at the location of your choice: 

P. O. Box 29200, New Orleans, La. 70129 
1312 Meridian St. N., Huntsville, Ala. 38507 
8880 Astronaut Blvd., Cape Kennedy, Fla. 


SPACE DIVISION ¢y CHRYSLER 


CORPORATION 


An equal opportunity employer 
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one by Radio Corp. of America for 
investigation of the Sun-pumped 
laser concept and an IBM Corp. 
solid-state laser under consideration 
as a Project Gemini experiment. 


California Tops in Primes 


California again led the other 
states in the value of prime contracts 


_ awarded defense industries for the 


first quarter of Fiscal Year 1965. 

The state received 21.2% of the 
prime award dollars, valued at $1,- 
188,373,000. the Pentagon quarterly 
report showed. For the first quarter 
of FY ’64, California showed $1,345,- 
757,000 for 21.1% of the total. 

Prime awards for the July-Sep- 
tember period amounted to $6,327,- 
516,000. The total was down $680,- 
130,000 from the first quarter total 
for FY ’64. Following California in 
the FY ’65 ranking were Texas with 
9.6%, New York with 6.7%, Massa- 
chusetts with 6.1% and Georgia with 
5.8%. Massachusetts showed the 
largest first-quarter gain of any 
state, moving from ninth position in 
Fiscal ’64 to fourth in Fiscal ’65. 

Prime awards are those totaling 
$10,000 or more. Since the quarterly 
report reflects value of prime con- 
tracts only, it does not in any way re- 
flect distribution of a “very substan- 
tial amount” of material and compo- 
nent fabrication and other work and 
services performed outside the states 
where final assembly takes place, the 
Pentagon said. 


Stratoscope II Balloon Bursts 


The Nov. 25 launch of Stratoscope 
II was delayed at least 48 hours when 
a tube being used to fill the 300,000- 
cu.-ft. balloon with helium slipped 
and punctured the thin plastic skin. 
Another balloon was to be sent to the 
Palestine, Tex., launch site from the 
G. T. Schjeldahl Co. in Northfield, 


| Minn. 


The second launch in the Strato- 


| scope program involves sending a 


36-in. telescope to an altitude of 15 
miles aboard a balloon to photograph 
the planet Jupiter. 


SNPO Gets Division Status 


The NASA/AEC Space Nuclear 
Propulsion Office will take on divi- 
sion status this week following a 
three-way split in the Div. of Reac- 
tor Development. 

SNPO and the two other new divi- 
sions—Div. of Reactor Development 
& Technology and the Div. of Naval 
Reactors—will now report to Dr. 


John A. Swartout, named assistant 


general manager for reactors. Dr. 


Harold B. Finger will continue to 
direct the SNPO Div., responsible for 
the NERVA program. 

AEC’s SNAP program, formerly 
under the Reactor Div., will now be 
one of six major program areas in 
the Div. of Reactor Development & 
Technology. Director will be Milton 
Shaw, who has been technical assist- 
ant to the Assistant Secretary of 
Navy for R&D. 

Vice Adm. H. G. Rickover will 
direct the Div. of Naval Reactors. 


WEC Gets ATS Pact 


Westinghouse Electric Corp.’s De- 
fense & Space Center has received a 
NASA contract for communications 
integration of contractors for the 
Applications Technology Satellites 
(ATS) tracking station at Rosman, 
N.C. 

The contract, now being negoti- 
ated with Goddard Space Flight Cen- 
ter, calls for additional work, includ- 
ing some instrumentation and design 
of a master control console for com- 
munications experiments, telemetry 
data and data processing. 

The ATS program involves the 
launch of five 650-lb. satellites, begin- 
ning in 1966. Three tracking stations 
will be used—Rosman, Mojave, Calif., 
and a 40-ft. portable ground station. 


Ryan New SAC Boss 


Lt. Gen. John D. Ryan will take 

over this week as commander of the 
Strategic Air Command. He succeeds 
Gen. Thomas S. Power, who is retir- 
ing. 
Ryan, 48, has been serving as 
SAC vice commander. His promotion 
brings him nomination for the rank 
of a four-star general. 

Lt. Gen. Joseph Nazzaro, now 
commander of SAC’s Bighth Air 
Force, will succeed Ryan as vice com- 
mander. 


TRW Faces Patent Troubles 


Financial sanctions against con- 
tractors in the form of liquidated 
damages for failure or delay in com- 
plying with Dept. of Defense patent 
provisions have been recommended 
by the General Accounting Office. 

The recommendation was pre- 
cipitated by a GAO study of several 
divisions of Thompson Ramo Wool- 
dridge, which it said was not com- 
plying with various patent provisions 
of its defense contracts. GAO Comp- 
troller Joseph Campbell said that 18 
inventions made under defense con- 
tracts up to three and a half years 
earlier were never disclosed to DOD. 
For some of these, the report said, | 
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Positions open at New Orleans 
AEROSPACE PHYSICS 


ACOUSTIC and VIBRATION ENGINEERS 
and SUPERVISOR 


Primary experience should be in unsteady phe- 
nomena such as aerodynamic noise ond vibration. 
Will direct prediction of complete aerodynomic 
environment of Saturn and odvanced Soturn ve- 
hicles. Also direct the establishment of shock and 
vibrotion criteria corresponding to the predicted 
environment, including ocoustics and buffeting. 
Minimum 5 years experience. 


FLIGHT DYNAMICS ENGINEERS 
and SUPERVISORS 


To perform dynamic analyses for frequencies and 
mode shapes of elastic structures; stability analysis 
of elastic vehicles to determine control filter re- 
quirements ond tank baffling; response of elastic 
vehicles to winds to determine maximum bending 
moments, sheor loads ond trajectory errors. 


FLIGHT MECHANICS ENGINEERS 
and SPECIALISTS 
«+. With experience in flight path optimization, 
propellant looding onolysis, impact dispersion of 
spent stages, rigid body control, dynamics of stage 
seporotion, determinotion of abort sensing poro- 
meters, lift off motion studies, pre-flight and range 
safety analysis. Must be familior with theoretical 
trojectory digital simulotion techniques. 


FLUID MECHANICS ENGINEERS 
and SUPERVISORS 


To supervise selection and development of analyti- 
col and experimental techniques for solutions to 
fluid dynomic problems (aerodynamic ond struc- 
tural heating, cryogenic storage, boundory layer 
theory, reaction kinetics ond oblotion, fluid flow 
problems ond gas dynomics). 


Positions open at Cape Kennedy 


LAUNCH TEST SUPERVISOR 


BSEE with minimum 10 years missile systems or 
related experience. Will be responsible for overall 
direction of Chrysler launch test operations. Re- 
quires current state-of-the-art test conductor and 
operations management experience. 


TEST CONDUCTOR 


BSEE with minimum 8 years missile systems ex- 
perience. Current launch test conductor experience 
required. 


GSE STAFF ENGINEER 


BSME with minimum 8 years missile systems ex- 
perience and current stote-of-the-art experience in 
GSE design and operation. 


Senior engineering positions olso open in 
Propulsion, Electricol Networks ond Telemetry. 
Excellent positions in other 
disciplines are also open at 
Huntsville as well as at 
New Orleans and Cape Kennedy 


> 
SPACE DIVISION Kj CHI RYSLER 
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A MOELLER 
CLOSURE 
MAY BE THE 
SOLUTION 


TO YOUR 
PROBLEM 


Industrial research and product 
development create many difficult 
sealing problems. Moeller engi- 
neers solve such problems almost 
every day. They are available for 
conference and cooperation with 
your staff so, if you need help, 
call us in early. Our plant is self- 
contained for reliable processing 
and manufacturing. Your inquiries 
are invited. 


9) 
ai, 


Atomic Fuel Charging Plug 
Made for GE. Used at Hanford 
Atomics Operation. Expansion- 
type plug withstands high-level 
gamma and neutron radiation, 
temperatures to 150 degrees F. 


Glove Box Closure 
Improves safety factor in han- 
dling plutonium. Closure holds 
under pressure, provides positive 
seal with quick access. 


? 


sa 


A 


Nose Cone Closure 
Made to highest specifications. 
Used to keep moisture, and dust 
from vital equipment during pre- 
launch period. 


FOR MORE INFORMATION WRITE-— 


MOELLER 


MFG. CO., INC.-DEPT. MR 
GREENVILLE, MISS. 
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patent applications were on file. In 
another case, the contractor delayed 
disclosures of “numerous inventions” 
for “unreasonable”’ periods. 

Because of these violations, GAO 
said, the government’s patent rights 
were jeopardized since it was not 
aware of the inventions, and may 
have actually paid royalties unneces- 
sarily for the use of them. It may 
also have lost its right to such inven- 
tions because of intervening patents 
by third parties. 


U.S. R&D Property Worth $4.4B 


Total cost of U.S.-owned property 
used for research and development 
is now estimated at $4.4 billion, a 
House special committee has found. 

While the General Services Ad- 
ministration’s estimates for facili- 
ties has been $2.5 billion, the House 
Select Committee on Government Re- 
search said that this is the first com- 
plete inventory of the facilities. 


4 


California, first in all other R&D 
categories, also leads in total floor 
space devoted to R&D with 28,296,- 
211 square feet. New Mexico, Flor- 
ida, Maryland, Alabama and Virginia 
follow. 


Document Coordination Sought 


A Congressional committee has 
called for a coordinated effort in at- 
tacking the problem of scientific docu- 
mentation and dissemination of re- 
search and development results—a 
field now inviting waste and ineffi- 
ciency, it said. 

The House Select Committee on 
Government Research recommended 
that one central source such as the 
Committee on Scientific and Tech- 
nical Information (COSATI) enforce 
cooperation among government agen- 
cies. While COSATI may have “the 
teeth” to enforce this cooperation, 
the Congressional committee said, it 
has not yet shown them. 


Shaving Weight from Saturn V 


THIS 36,000-LB. hydraulic power supply unit will trim 3,000 Ibs. from the launch weight 
of the Saturn V. The $1.250-million device will supply all necessary hydraulic power to 
the vehicle during its 36-hr. countdown. It will keep the rocket’s liydraulic systems exer- 
cised, preventing freezing while cryogenic oxidizer is pumped aboard. At firing, the unit 
will be cut off, and booster fuel will operate hydraulic systems for the few minutes such 
power is needed. Tlie unit was designed and built for NASA by Greer Hydraulics, Inc., 


Los Angeles. 
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Just checked in from outer space 


ACF Electronics radar transponders have kept track of all the Mercury 

missions and are now scheduled to do the same for the Gemini 

and Apollo flights. ACF Electronics is now developing other transponders 

for advanced space applications—including a pulse coherent beacon. For 

information on any of these new developments, or on new microwave 

techniques in progress at ACF, write or call: ACF Electronics, ACF Electronics 
Industries, Incorporated, 11 Park Place, Paramus, New Jersey. Division 


Infrared/Flight Simulators/ Avionics Displays/Data Transmission / Microwave Equipment/Oceanography/Field Engineering 


Color TV Monitor 


This compact 17” unit requires 
only 21 vertical inches or a 
Standard 19” rack or console. 
Weighs less than 100 Ibs. Un- 
paralleled resolution and color 
fidelity. Made by our Conrac 
Division, which is notable for 
making the best professional monitors any- 
where. Ask any broadcast engineer. 


DVO PV PVD LIL IOV ID VAP VAP VLD GAD 
Air Data Computer 


Used on helicopters. Gives accurate, low-speed 
(0 to 100 mph) readings for forward, reverse, 
port and starboard or any combination thereof 


Pressure signals are generated by sensors 
mounted on rotor tips. Neat trick. 
DADOLD AD AD ADAP LIVAG LP AG AP EMD 


Ultrasonic Fluid 
Level Controller 


This probe-type system senses 
the presence or absence of 
fluid at any point or points 
in a flow or storage system. No moving parts. 
Takes highest random vibration ever. Works 
regardless of pressure, temperaturc, physical 
or electrical nature of the fluid. Accurate. Safe. 
Reliable. pe. 


Min. Ela; nsed <. Indicator 


by our Cramer Division 
despite MIL-shock and 
n. Body Size wiSmeiax 
ht is 6 ozs. Life 
is up to 30,000 
uaranteed). 


CIRCUIT 
BREAKER 


PSA 


FIRST PHOTO PDP- te 


PUBLISHED MONTHLY BY GIANNINI CONTROLS CORPORATION WHICH IS 
LOCATED AT 1600 SOUTH MOUNTAIN AVENUE IN DUARTE, CALIFORNIA 


PHOTO BY STAN LEVIN 
In an effort to stay 
current on DOD re- 
quirements, we have 


set up and put in work our own Program Definition Phase committee. The com- 
mittee, working in concert with various GCC design and manufacturing teams, can 
be credited with successful completion of our PDP-15 vehicle shown above in test 
flight. The PDP, a remarkable intereeptor-bomber recon-strike- strike-+eeen-reentry 
~xehicle -borate-bomber- black thing, was designed, program defined and constructed 


from scratch in only two thousand, seven hundred and forty-six days. 


Service #10 for framable photo.) * 


(Use Reader 


|WIN SCALE MODEL! 


In the left and right columns, you # 
I will find descriptions of seven GCC 
products. If you can figure out ll 
where we've used each of these ll 
I products in the design of the PDP-15 4 
I and describe five possible uses for the 
I vehicle itself, you may be the winner § 
of our prototype scale model (there 
can only be one big winner since we 
have only one model, but all entrants ll 


I will receive their just rewards). | 
en a 
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1” by 1” Pressure X’ducer 


The smallest, lightest potentiometric 
transducer ever. Comes in high and 
low pressure versions. Covers 0 to 
3,500 psia. Low pressure one is stable 
to 50G’s vibration and acceleration 
(up to 75G’s for the high pressure 
version). Weighs 3 ozs, Temperature 
range is —65°F to +200°F. 


Stall Warning X‘ducer 


Among other things, provides inputs to our 
GCC Stall Warning Systems. The transducer 
itself, in its two most popular versions, is the 
2566-B727 and the 2566-BAC111, In both cases, 
we make the 2566 part. Boeing and British Air- 
craft make the 727 and 111. There’s also a 
military version, the 2562. It is not used on the 
PDP-15 (above) since the program has been 
in full stall from the start. 


DMPA LV PV PSL I LP LPN LDAP AP VAP OL 
Shaft Position Encoder 


Datex encoders are made by our own Datex 
Corporation, Datex makes all sorts of encoders. 
And those they don't make, shouldn’t be. 


- 


Technical Countdown 


ASTRONAUTICS 


Non-coplanar Ascent Suggested 


Space station logistics operations should be carried out by 
use of non-coplanar ascent to rendezvous, suggests Jacques S. 
Gansler, of General Precision Inc.’s Aerospace Systems Div. 
A velocity penalty of about 5% over the coplanar ap- 
proach is incurred, but much greater flexibility of launch op- 
portunity is obtained, together with elimination of the 12- 
hour parking in space requirement, he claims. A total of 
three impulses is required for rendezvous: the first establishes 
the ascent ellipse; the second establishes an intersecting orbit, 
being applied at apogee; and the third is applied at intercept 
to eliminate the plane angle, said Gansler. 


Mars Contacted at Farthest Distance 


Successful radar contact by the Arecibo, Puerto Rico, 
Tonospheric Observatory was made on November 19 with 
Mars, now situated at its greatest distance from Earth. Tra- 
versing some 138 million miles with the facility’s 1,000-ft.- 
dia. spherical radar antenna, Cornell University scientists 
noted that continuous observations can be made of the red 
planet from Arecibo until late June, 1965. Such studies will 
greatly increase knowledge of the planet’s orbit and contrib- 
ute later to the growing fund of interplanetary navigational 
data. 


ELECTRONICS 


Fairchild Declared Primary Planar Owner 


Fairchild Camera & Instrument Corp. has been recog- 
nized by the U.S. Patent Office as owner of 16 of the 17 
claims contained in two patents covering the Planar active 
semiconductor component process and structure. In two re- 
cent decisions, the Patent Office refused 16 claims of an inter- 
ference filed by Hughes Aircraft Co. Although the Patent 
Office decided to permit Hughes to contest ownership of the 
one remaining claim, Hughes has agreed to assign that claim 
to Fairchild under a cross-licensing arrangement. According 
to Dr. Robert N. Noyce, general manager of Fairchild Semi- 
conductor, this decision “establishes Fairchild’s indisputable 
ownership of the Planar patents. The Patent Office will enter- 
tain no further interference attempts because the one-year 
time limit has expired since the patents were issued.” Noyce 
added, “With the Planar patents now clearly established as 
our property, we will step up our program to license all 
manufacturers of semiconductor devices using this process 
before we take any legal action to enforce our patents.” 


EOS Microscope Offers New Potential 


Electro-Optical Systems, Inc., has developed a high-tem- 
perature, ultra-high-vacuum thermionic electron-emission 
microscope. The instrument’s extreme operating characteris- 
tics permit researchers for the first time to pictorially record 
Critical problems associated with metal-phase and grain- 
growth change in missiles and hypersonic aircraft. EOS scien- 
tists emphasize that the microscope allows studies of refrac- 
tory metal grain growth and recrystallization phenomena 
while these processes actually occur—a capability never be- 
fore achieved at such high temperature. The unit operates at 
temperatures from 1,300° to over 1,800°C and at vacuums 
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from 107 to 10~ torr. It reportedly exceeds running tempera- 
tures of similar microscopes by several hundred degrees and 
functions at pressures lower than other such devices by a 
factor of 10. 


Tiny GaAs Laser Transmits Audio Signals 


A 12-0z. gallium-arsenide injection-laser transmitter, de- 
veloped by IBM’s Federal Systems Div., operates on less than 
1.5 watts average power providing peak-pulse outputs of 12 
watt. Demonstrated at the recent Association of the U.S. 
Army Convention in Washington, the uncooled laser oper- 
ated at a wavelength of 9,000 Angstroms with a beamwidth 
of 12 arc seconds. Six inches long and provided with a pistol- 
grip configuration, the device was used to convert and trans- 
mit audio signals over short range. Frequency response of 
the system is from 300 cps to 3 kc. 


SPACE MEDICINE 


Sixty-Day Isolation Studies Planned 


The Air Force is planning to isolate volunteer subjects 
for as long as two months to study the effects of stress, fa- 
tigue and isolation in space cabin situations. First test in the 
new program, directed by Dr. Bryce O. Hartman and Maj. 
George K. Cantrell of the AF School of Aerospace Medicine, 
was a five-day ‘“‘shakedown” test in the new double-decker 
isolator fashioned from two RB-52 aircraft fuselages refur- 
bished by Southwest Research Institute for AF research. 
Subjects were tested for concentration, memory recall, reac- 
tion time in response to vehicle movements, logic and prob- 
lem solving ability. 


MATERIALS 
PH 13-8 Mo Alloy Forged By Wyman-Gordon 


A combination disc and shaft part has been successfully 
forged in PH 13-8 Mo alloy by Wyman-Gordon Co. Devel- 
oped by Armco, the alloy is a single heat treatable material 
possessing a capability of developing strength in excess of 
200,000 psi yield combined with good toughness and good 
transverse direction properties. The composition is free of 
delta ferrite at forging and room temperatures, which signifi- 
cantly improves its forgeability. With the elimination of the 
delta ferrite problem, it is possible to use forging designs and 
techniques normally employed in producing parts from the 
martensitic stainless steels. The micro-structure after the forg- 
ing and aging treatments was of a fine tempered martensite 
similar to the maraging steels. 


Metal Processes Observed by Microscope 


A high-temperature, ultra-high-vacuum thermionic elec- 
tron emission microscope developed by researchers at Elec- 
tro-Optical Systems, Inc., is being used to observe metal 
phase and grain growth changes. The unit operates at tem- 
peratures from 1,300°C to over 1,800°C and at vacuums 
from 107 to 10° torr. In one experiment, the annealing proc- 
ess in molybdenum was observed at high temperatures for an 
extended time. The annealed sample was first abraded with 
a scribe and then observed continuously for 200 hours at 
1,500°C. The abrasion annealed within 124 hours. The devel- 
opment grew out of a $142,700 contract from NASA’s Lewis 
Research Center covering studies of electrode materials for 
thermionic energy converters, 
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@ PURE CARBON—OVER 99.5% 


FLEXIBLE AS WOOL YARN 


BASIC YARN CAN BE WOVEN, 
KNITTED, BRAIDED, AND 
USED FOR FILAMENT 
WINDING 


@ FURNISHED IN 2 TO 30 PLY 
YARNS AS WELL AS CUSTOM 
CONSTRUCTIONS 


@ EXTRA STRONG BASIC YARN 
features over 4 Ib. breaking 
strength in 2-ply construction 


@ VARIABLE ELECTRICAL RE- 
SISTANCE VALUES are avail- 
able from 12 to 10,000,000 ohms 
per foot of length 


In addition BASIC carbon yarn is 
furnished in spools for use with auto- 
matic equipment. This yarn is corro- 
sion proof, is immune to thermal 
shock, and exhibits a neutral pH to 
produce perfect bonding with resins. 
It is suitable for operation at tem- 
peratures from —400 to +5700°F., 
depending upon conditions of use. 
Basic Carbon Corporation also can 
supply this yarn in graphite for lower 
electrical resistances. 


Development aid is available 
for selected applications. Write 
today for additional data and 
samples. 


3617-125 


BASIC “ARBON 
CORPG ATION 


Blank and Wah» sre Roads 
SANBORN, NE.’ YORK 
Phone: 731-322¢ (716) 


Formerly 


Graphite Specialties Coxporation 
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—when and where 


DECEMBER 


5th Annual Meeting of the American 
Institute of Chemical Engineers, Statler 
Hilton Hotel, Boston, Dec. 6-10. 

Third Conference on Performance of 
High Temperature Systems, Huntington- 
Sheraton Hotel, Pasadena, Calif., Dec. 
7-9. 

Third Annual Western Contamination 
Control Congress, sponsored by the 
Western Regional Chapter of the Ameri- 
can Association for Contamination Con- 
trol, Lafayette Hotel, Long Beach, 
Calif., Dec. 9-11. 

Symposium on High-Energy Astronomy, 
sponsored by Air Force Office of Scien- 
tific Research, Atomic Energy Com- 
mission, NADA, National Science Foun- 
dation, Office of Naval Research, and 
the University of Texas, University of 
Texas, Austin, Dec. 15-18. 

131st Annual Meeting, American Associa- 
tion for the Advancement of Science, 
Montreal, Canada, Dec. 26-31. 


JANUARY 


Eleventh National Symposium on Relia- 
bility and Quality Control, sponsored by 
the American Society for Quality Con- 
trol and the Institute of Electrical and 
Electronics Engineers, Fountainebleau 
Hotel, Miami Beach, Jan. 12-14. 

International Symposium on Solar Radia- 
tion, sponsored by the American 
Society for Testing and Materials, In- 
ternational Hotel, Los Angeles, Jan. 18- 
PAs 

Winter Meeting of the National Society 
of Professional Engineers, Jung Hotel, 
New Orleans, Jan, 20-23. 

National Syposium on Hydrocarbon Anal- 
ysis, sponsored by the American Soci- 
ety for Testing and Materials, Shera- 
ton-Lincoln Hotel, Houston, Jan. 22-23. 

Symposium on Fundamental Phenomena 
in the Material Sciences, sponsored by 
the llikon Corp., Sheraton Plaza Hotel, 
Boston, Jan. 25-26. 

Joint Annual Meeting of the American 
Mathematical Society and the Mathe- 
matical Association of America, Univ. 
of Colorado, Denver, Jan. 25-30. 


FEBRUARY 


Reinforced Plastics Division Conference, 
sponsored by the Society of the Plastics 
Industry, Edgewater Beach Hotel, Chi- 
cago, Feb. 2-4. 

Winter Convention on Military Electron- 
ics, sponsored by the Institute of 
Electrical and Electronics Engineers, 
Ambassador Hotel, Los Angeles, Feb. 
3-5. 

Unmanned Exploration of the Solar Sys- 
tem, sponsored by the American Astro- 
nautical Society, the American Astro- 
nomical Society, American Geophysical 
Union, American Institute of Biological 
Sciences, Institute of Electrical and Elec- 
tronics Engineers, and the American In- 


stitute of Aeronautics and Astronautics, 
Denver Hilton Hotel, Denver, Feb. 8-10. 
Spring Meeting of the American Society 
for Testing and Materials, Statler-Hilton 
Hotel, Cleveland, Ohio, Feb. 8-12. 
1965 Electrical and Electronic Trade 
Show, sponsored by the Electrical Repre- 
sentatives Club and the Electronic 
Representatives Assn., Denver Audi- 
torium Arena, Denver, Feb. 15-17. 


Sixth Annual West Coast Reliability 
Symposium, sponsored by the Ameri- 
ean Society for Quality Control—Los 
Angeles Section, and the University of | 
California at Los Angeles—Engineering 
Dept., UCLA Campus-Moore Hall, Los 
Angeles, Feb. 20. 


MARCH 


Symposium on High Speed Testing, Spon- 
sored by Massachusetts Institute of 
Technology and Brooklyn Polytechnic 
Institute, Sheraton Plaza Hotel, Boston, 
March 8-9. 


Aviation and Space Conference, sponsored 
by the American Society of Mechanical 
Engineers, Statler Hotel, Los Angeles, 
March 14-18. 


International Convention of the Institute 
of Electrical and Electronics Engineers, 
New York Hilton Hotel and New York 
Coliseum, New York City, March 22-25. 

Symposium on Thermophysical Properties, 
sponsored by the American Society of 
Mechanical Engineers, Purdue Univer- 
sity, Lafayette, Ind., March 22-26. 

Spring National Convention of the So- 
ciety for Nondestructive Testing, Los 
Angeles, March 22-26. 

Optical Society of America Meeting, Stat- 
ler-Hilton Hotel, Dallas, March 31- 
April 2. 


APRIL 


International Symposium on Fission Prod- 
uct Release and Transport Under Acci- 
dent Conditions, sponsored by the Oak | 
Ridge National Laboratory, Oak Ridge, 
Tenn., April 5-7. 

1965 Annual Region IIT Meeting of the | 
Institute of Electrical and Electronics 
Engineers, Robert E. Lee Hotel, Wins- 
ton-Salem, N.C., April 6-8. 

1965 Annual Region VI Conference of the 
IEEE, Las Vegas, Nev., April 13-15. 
15th Annual National Telemetering Con- | 
ference, sponsored by the IEEE, ISA 
and AJAA, Shamrock-Hilton, Hotel, | 
Houston, April 13-15. 

Symposium on System Theory, sponsored — 
by the Polytechnic Institute of Brook- 
lyn, IEEE, Society for Industrial and Ap- 
plied Mathematics, AFOSR, ONR, and 
the Army Research Office, New York 
City, April 20-22. 

Southwestern Conference and Electronic 
Show, sponsored by the IEEE, Dallas 
Memorial Auditorium, Dallas, April 21- 
23. 
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Your target may be over the horizon, 
three thousand fathoms under the sea, 
or deep within the core of the earth. 
Wherever it is, chances are Amphenol 
has already worked on interconnection 
devices in your problem area. 

Severe environments? Check our 
connector performance in either the 
5000° or cryogenic ranges. 

Pressures? Many special Amphenol 


connectors are operating at 5000 psi 
under water. Others at altitudes of 
825,000 feet. 

Reliability? We are meeting some 
of the toughest quality contro] and 
quality assurance requirements in the 
aerospace industry. Example: newly 
developed Amphenol stretch cables. 

Man-rated reliability is a way of life 
at Amphenol Space & Missile Systems. 


To get anywhere, you need the right connections 


You don't have to order it. It’s yours 
whether you require mass-produced 
subsystems or just one component. 
Whatever your stage of development 
we can probably help solve or antici- 
pate problem areas. 

Just tell us where you want to go. We 
have the right connections. Amphenol 
Space & Missile Systems, 9201 Inde- 
pendence Avenue, Chatsworth, Calif. 


SPACE & MISSILE SYSTEMS CAmphenot ) 
® 


AMPHENOL-BORG ELECTRONICS CORPORATION 
cables « connectors « hermetic seals « interconnections * components « systems and subsystems 
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Drake's Portable Dial (English—1569) Courtesy The Trustees of the National Maritime Muscum, Greenwich, England. 


from Drake’s dial to orbital guidance 


When Sir Francis Drake set sail for Brazil in 1577, he 
cast superstition aside for an infant science called navi- 
gation. He entrusted his ships to a quadrant, magnetic 
compass, nocturnal, tide-table, star-chart and pelorus 
ring—all neatly bundled into the compact little instru- 
ment shown above. And despite the obvious drawbacks 
and inaccuracies inherent to his rude tools, Drake be- 
came the first Englishman to circumnavigate the world. 


Today, ‘“‘circumnavigation’’ has a new meaning; now 
we envision men orbiting the moon, For this complex 
task, AC is amember of the team developing an entirely 
new guidance concept for Project Apoilo—a concept 
that optimizes the human intelligence of the astronaut 
with the most advanced space and navigation equip- 
ment developed thus far, 


AC has the responsibility for the assembly, integration 
and test of the complete navigation and guidance sys- 


tem for Apollo, including the Lunar Excursion Module. 
We will also fabricate the Inertial Measurement Unit, 
Display and Control Panei, Power and Servo Assembly 
and Ground Support Equipment. 


NASA's faith in our ability to develop and produce this 
highly accurate equipment is based on past perform- 


ance. Put this same experience G 


to work for you. Contact Director 
of Sales-Engineering, AC Spark 

Piug Division, General Motors aS 
Corporation, Milwaukee, Wiscon- 

sin 53201, 


MASTER NAVIGATORS THROUGH TIME AND SPACE 


GUIDANCE AND NAVIGATIDN FDR SPACECRAFT 
e MISSILES e AVIDNICS e SPACE 
BDDSTERS e DELIVERED DN TIME AT LDW CDST 
WITH OUTSTANDING ACCURACY AND RELIABILITY | 
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BEYOND APOLLO: 


THE U.S. BEGINS TO REAP BENEFITS OF ADVANCED 
TECHNOLOGY AS IT WEIGHS NEW SPACE PROJECTS 


missiles and rockets 


AFTER A YEAR OF SOLID if largely unspectac- 
ular accomplishment, the U.S. space program is 
ready to move ahead with the Apollo-X. spacecraft 
—first step toward achieving a true space station. 
At the same time, NASA is turning. its attention to 


a manned landing on Mars, with initiation of the 


unmanned Mars Voyager series. Pricetag for the 
post-Apollo program now under consideration is 
roughly $15 billion. In addition to the advanced ex- 
ploration of our Solar System, the space agency 
is pressing development of new families of Earth- 
orbiting satellites, exploiting the new technology 
created during the past several years for immediately 
practical purposes. Still another aspect of the na- 
tional space program is the extended exploration of 
the Moon to be undertaken probably with the modi- 
fied Lunar Excursion Module. This Fourth Annual 
NASA Issue of MISSILES AND ROCKETS also exam- 
ines in detail, for the first time, the space programs 
of the Weather Bureau, the Atomic Energy Coin- 
mission and the Communications Satellite Corpora- 
tion. Part I of the report covers NASA programs; 
Part I1, NASA organization; Part III, the ComSat 
Corp.; Part IV, the Weather Bureau; Part V, the 
AEC; and Part VI, key NASA, AEC and Weather 


Bureau procurement personnel. 
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JIBE FITTINGS 


-USED IN CHRYSLER SATURN 
VEHICLE TEST STATION | 


ey Me: gn : 
OTT Die Bibs tree, : an 


4 KULAEA ORT 


i ES 
More than 5,400 SWAGELOK Tube eane con- Control Center 7 an Saturn I Booster Vehicle 
nections were made on 15,000 feet of stainless Test Station. SWAGELOK Tube Fittings were 
steel tubing. used on instrument panels. 


SWAGELDK TUBE FITTINGS ARE READILY AVAILABLE, 
EASILY INSTALLED, COMPLETELY RELIABLE 


In the critical work of building and testing space vehicles, reliability and time are most important. 
Without reliability, the project could be a failure. If time is lost in repairs or searching for leaks, 
costs skyrocket. 


CHRYSLER, a leader in missile and space vehicle design and production, used SWAGELOK Tube 
Fittings in the vital Saturn | Space Vehicle project. 


The stainless steel tubing, connected by SWAGELOK Tube Fittings, in the Saturn | Booster 
Vehicle Test Station transmitted helium, missile grade air and gaseous nitrogen at pressures 


HE Me SLO (2h. You can’t afford to be without Syoodoe 


ANY e« 884 E. 140th STREET « CLEVELAND, OHIO 44110 
NAC &rD. e NIAGARA FALLS, ONTARIO, CANADA 
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WEBB: A YEAR OF ORDERLY 
PROGRESSION 
TOWARD OUR ASPIRATIONS 


UBSTANTIAL PROGRESS in the peaceful exploration 

and use of space has marked the year since the appear- 

ance of the last special NASA edition of MissiLeEs AND 
ROCKETS. 

It has been a period of advancement, not only in space, 
but also on the ground. Extensive construction work is near- 
ing completion on the long-range facilities the Nation needs 
to build, test and launch the space vehicles which are expand- 
ing our frontiers. 

At NASA field centers, in laboratories and classrooms 
of universities, in the factories and board rooms of an ever- 
increasing sector of American industry, thousands of highly- 
skilled and innovative men and women are dedicating their 
best efforts to building a broad array of space competence 
for the Nation. 

Just two days after the last special NASA issue of M/R 
—on November 27, 1963—-the Centaur II rocket was fired 
from Cape Kennedy in the first successful demonstration of 
high-energy liquid hydrogen as an advanced propellant for 
upper-stage space rockets. 

That important launching was the first of a series of 
major NASA accomplishments during the past twelve 
months. 

Centaur IIT was followed by Tiros VIII; the first two- 
stage Saturn I in orbit; the first unmanned Gemini, which 
performed well in its programmed 69 orbits; the Project 
Fire spacecraft, which was propelled back into the atmos- 
phere from space to provide necessary design information 
for future spacecraft applications; the successful tests of the 
experimental KIWI and NERVA nuclear rocket reactors; 
the sixth successful test launch of Saturn I; the second succes- 
ful Centaur liquid hydrogen test flight; the SERT J, which 
proved the feasibility of using ion electric engines in space; 
Ranger VII, which sent back more than 4,000 close-up photo- 
graphs of the Moon in the most dramatic advance in astron- 
omy since the invention of the telescope; Syncom IH, which 
permitted television transmission of the Olympic Games 
from Tokyo; Nimbus I, which made major advances in 
meteorology and infrared scanning of the Earth's dark side; 
OGO I, which carried a variety of scientific experiments for 
studying the phenomena of cislunar space; and still another 
Saturn test flight. 

While this recital of major space events clearly demon- 
strates the Nation’s growing capability in space endeavors, it 
does not tell the whole story. Substantial work went forward 
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during the last twelve months on NASA's manned space 
flight projects, Gemini and Apollo, even though no manned 
flights were undertaken in that period. 

The Gemini program has been scheduled to start manned 
flight missions early next year. We can now look forward 
with confidence to gaining in the Gemini program the 
experience our astronauts must have in rendezvous and dock- 
ing maneuvers that are necessary to the success of the 
Apollo manned lunar expedition. 

Some 5,000 man-hours of space flight time are sched- 
uled in Gemini and Apollo spacecraft before the Moon 
voyage is undertaken. This intensive experience in manned 
space flight will be gained primarily in near-Earth space. and 
has important applicability to national defense. 

While we continue to reach out into space, we must at 
the same time strive for improvement of flight within the 
atmosphere. The ocean of air which surrounds our Earth 
will become an increasingly important medium of travel in, 
the years ahead. NASA is working in the closest cooperation 
with the Federal Aviation Agency on the SST, With the 
X-15 research aircraft, more than 100 test flights at super- 
sonic and hypersonic speeds, and at altitudes up to more 
than 50 miles, have blazed the trail toward a true aero- 
space plane. At the other end of the speed spectrum, impor- 
tant work has gone forward toward developing practical 
vertical and short takeoff and landing concepts for faster, 
longer-range helicopters, propeller- and jet-powered aircraft 
to operate from almost any site. 


UR LONG-RANGE TARGET, in both aeronautics and 
astronautics, is to build up a reservoir of competence for 
the United States in every important aspect of aerospace. 

The achievements of the past twelve months, and the 
confidence those achievements have inspired among the na- 
tional space team, are continuing evidence that the space 
program is moving in orderly progression toward its aspira- 
tions. 


E. Webb 
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Grumman ’s across-the-board 


space capabilities: 


PRESENT LEM WORK 

As part of the current work on LEM (Lunar Excursion 
Module) and lunar exploration vehicles, two huge LEM 
simulators are now in operation at Grumman-—one for 
lunar landing and one for rendezvousing with the Apollo 
Command Module. All NASA astronauts have already been 


indoctrinated on these simulators and are currently re- 
hearsing for actual landing and rendezvous. 
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1965-1975 


ADVANCED SPACE MISSIONS 

Many logical extensions of the LEM program are in study 
phase at Grumman. Current projects involve post LEM 
lunar exploration, scientific and logistics establishment of 
lunar bases. Other advanced space work at Grumman in- 
cludes military vehicles, space research centers, repair 
service and planet launch platforms. 


ORBITAL SPACE STATIONS 

Feasibility of interplanetary staging bases has long cap- 
tured the imagination of space scientists and engineers. 
The ultimate mechanics of such strategic bases are under- 
going prolonged. and careful scrutiny at Grumman. Experi- 
ence gained from the LEM program will vastly enhance the 
possibility of success in these studies. 


GRUNINMAN Aircraft Engineering Corporation * Bethpage, L./., New York 
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Camera tubes Slow scan television systems Custom optical components 


Special purpose tubes 
Scan conversion tubes 


TD 8484 


High sensitivity, low lag 
vidicon. The improved 
photoconductive coating 
also is resistant to burn-in 
and has excellent uniform- 
ity. High quality pictures 
can be obtained with as 
little as 0.2 foot-candles of 
faceplate illumination. 
This tube supersedes 
TD 7325 and TD 7735A. 


TD 8507 


High resolution, separate 
mesh vidicon. Has same 
photoconductive coating 
as the TD 8484, there- 
fore also provides high 
sensitivity, excellent uni- 
formity and is resistant to 
burn-in. 


TD 1337 


Hybrid Industrial Vidicon 
featuring electrostatic 
focus and magnetic de- 
flection. Has same high 
sensitive characteristics as 
TD 8484, and center reso- 
lution in excess of 700 
lines. 


GEC SPECIAL TUBES 


TD 7522 


Electrostatic focus and 
deflection vidicon. High 
resolution of approxi- 
mately 600 lines. 


TD 1372 


A dual gun storage tube 
capable of simultaneous 
reading and writing. 
Over-all construction per- 
mits extremely accurate 
alignment of both guns, 


ig 


Scan conversion systems 


Special purpose test equipment 


ED 6025 


Slide Video Generator 

Completely transistorized, the 6025 is de- 
signed to provide video signals by scanning 
35 mm slides. Various scanning formats can 
be obtained by selecting the appropriate 
plug-in module. 
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ED 6021 


Universal Scan Converter 
This completcly solid 
state system is capable of 
converting between vari- 
ous scan formats. Typical 
conversions include; PPI 
to TV, slow scan to TV. 
character writing input to 
TV output simply by se- 
lecting proper module. 
The system can be modi- 
fied to any specific cus- 
tomer requirement. It is 
designed around the 
TD 1372 dual gun tuhe. 


ED 6038 


Transistorized Environmental TV Camera 
Its miniature and rugged design provides tor 
high detail, stable pictures under the sever- 
est vibration, shock and noise conditions of 
missile and space vehicle environments, The 
system was designed aronnd the GEC %” 
Hybrid Vidicon. 


ED 6030 


Slow Scan TV System 
Completely transistorized, 
the ED 6030 consists of 
camera head, camera con- 
trol, monitor and power 
supply. The system pro- 
vides continuously vari- 
able control of the scan- 
ning frequency over a 
range of 100:1. 


Optical systems 
Optics for electronics 


Catadioptric Lens 
LR., U.V. and Visual 


ney 


Custom Designed Mirrors, 
Beam Splitters and Filters 


Custom Design Prisms 


Optical Flats, Wind Tunnels, 
and Space Chamber Windows 


Up to 36” Diameters 


@@@ For integrated systems employing either optics, sensors or processing 
electronics, or any combination to meet your requirements, write or call today. 
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DOUGLAS CONCEPT of a Manned Orbiting Research Laboratory being studied under a NASA contract. 


Part | 


NASA PROGRAMS 
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NASh: Budget 


Request Set at $5.5-5.6 Billion; 
Spending May Top That in FY ‘66 


Agency officials say figure would be satisfactory plateau 
for rest of decade; Administration opposition anticipated 


FOR THE FIRST TIME in its his- 
tory, NASA’s total expenditures in Fis- 
cal Year 1966 will top its obligational 
authority. 

While the final total will not be 
known until Congress completes action 
on the budget, total spending in the next 
Fiscal Year could be as high as $5.7 bil- 
lion, a NASA official reports. 

The space agency has asked the 


Bureau of the Budget to approve new 
obligational authority of $5.5-5.6 bil- 
lion. It sees this level as a desired pla- 
teau at which the budget should run 
through the rest of this decade. 

@ Storm clouds—Thus far, accord- 
ing to Associate Administrator Dr. 
Robert C. Seamans, Jr., there has been 
no assurance from the Administration 
that it will be approved. Rather, in- 


Extended Apollo Spacecraft 


CONFIGURATION CHANGES REQUIRED SUBSYSTEMS AFFECTED 


TECHNICAL APPROACH 


Increose lifetime to CSM 


one month 


Instoll experiments 


Life support 


Electricol power 


CSM Il MOD 
LEM 
LEM MOD Electricol power 
(EARTH 
& LUNAR) 
Life support 
Propulsion 
Structure 
Increose CSM 
lifetime Propulsion 
to two-three months 
Install experiments Electricol 
CSM Il MOD power 
+ 
LEM MOD Life support 
EARTH ONLY) 
LEM 


Same os above 


CSM 
Electricol power system: 
Provide in-spoce stort, improve reoctont 
tonk insulation 
Logistics service system: 
Change to two-gos system, add expend- 
ables, food 
Experiments: 
SM sector | ovoiloble 


LEM 

Electrical power system: 

Add fuel cells ond reoctants 

improve reactont tonk insulation 
Logistics service system: 

Add LiOH expendobles, faod 
Propulsion: 

Remove oscent propulsion 

(For shelter ond orbital laborotory) 
Structure: 

Augment thermol ond 

meteoroid protection 
Experiments: 

Instolled in or outside LEM 


CSM 
Service power system: 
Volve redesign or solids 
remove one oxidizer and one fuel tonk 
Electrical power system: 
Add fuel cells ond reoctants 
(backup development of rodioisotope 
system) 
Logistics service system: 
Change to two-gos system, odd LIOH 
expendobles, food (bockup development 
of moleculor sieve) 
Experiments: 
Use three empty sectors for experiments 
ond odditionol power, and expendables 


LEM 
Some os above except 
remove londing geor 
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formed sources report, the Administra- 
tion wants NASA to hold its budget at 
about the $5.4-billion level in FY ’66. 

And while the news that total ex- 
penditures will top authorized programs 
is good news for American industry, it 
has had a bad effect on the prospects 
for approval of the agency budget. 

President Johnson, in his decision to 
keep Federal funding below $100 bil- 
lion, has informed his agency heads 
that they should use the knife just 
as stringently on expenditures as they 
do on new obligation authority. Since 
NASA expenditures will run high next 
year because of programs authorized in 
previous Fiscal Years, one way to re- 
duce spending is to put a tight rein on 
authorizing new programs. 

The space agency declares that it 
needs to increase its budget above last 
year's $5.35-billion request in order to 
follow through on present programs such 
as Apollo, and also to take advantage of 
advancing technology to increase the 
U.S. space program capability. 

@ What it means—The $5.5-5.6- 
billion level in FY °66, according to 
Seamans, would: 

—Permit the Apollo Extension Sys- 
tems (Apollo-X) to move to program 
definition and fund long-leadtime hard- 
ware items in FY °66. Another NASA 
official put this funding level at $50-75 
million, but this could prove optimistic. 
Total cost of the program could be $600 
million. 

—wNot provide funding for a 1969 
Voyager mission to Mars. There will be 
funding for a 1971 mission and the proj- 
ect will go to program definition late 
this year, A prime contractor will be 
selected in FY ’66. Total cost of four 
spacecraft for two launch windows 
early in the 1970's is estimated at $1 
billion. 
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FACILITY ENABLES astronauts to simulate rendezvous of two-man Gemini capsule 
(left) with Agena spacecraft. Walls are coated with black vinyl to simulate space. 


—Not include funds for flight tests 
of a nuclear engine. The only require- 
ment for a nuclear stage is the Manned 
Mars Exploration program and as the 
agency general manager sees it, this is 
still far down the road. 

—Provide funding for a start on the 
Saturn IB-Centaur booster which will 
be used to launch the Voyager space- 
craft on its early missions. 

—Permit modifications to the Lunar 
Excursion Module to extend its capabil- 
ity in supporting Apollo-X as well as 
lunar exploration staytime. This would 
involve removal of the ascent propul- 
sion stage. This could be used for stor- 
ing experiments or additional expend- 
ables for Apollo-X missions as well as 
serving as a shelter and storage area for 
expendables when it is landed unmanned 
on the Moon. 

NASA’s budget is usually finalized 
in mid- to late December. Seamans de- 
clared that if the budget is cut, his 
agency, in its effort to run a balanced 
program, will spread the reduction fairly 
equally through its various programs. 

As far as a space-station program is 
concerned, Dr. Seamans said there does 
not appear to be any reason to make a 
decision on its configuration for at least 
one year and probably two. 

He said that even if the agency’s 
hoped-for plateau-level budget is ap- 
proved in FY °66, it will contain only 
funds to continue to study concepts. He 
said it would not be initiated in FY °67 
unless there was an increase in the 
budget. The feeling among most Office 
of Manned Spaceflight officials is that 
the space-station program will not get 
an early start unless President Johnson 
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decides to make it his own personally 
initiated space program and gives the 
go-ahead for heavy funding. 

@ Breakdown—The increase in 
NASA’s request for the next fiscal pe- 
riod results from increased costs in the 
agency’s Apollo program as well as its 
failure to get Congressional approval 
for its FY ’65 supplemental request. 

One official told Missites & Rock- 
ETs that Manned Spaceflight research 
and development funding in FY ’66 will 
be about $3.3-3.4 billion. If the Admin- 
istration or Congress cuts the overall 
budget request to $5.4 billion, manned 
spaceflight R&D would be reduced by 
an overall $100 million. 

Administration operations funding 
will run at about a $250-million level. 
The construction budget will continue 
to fall as it did in FY ’65, reaching only 
$50 million in FY ’66. 

Project Ge:nini—the two-man space- 
flight series scheduled to make its first 
manned flight early next year—will be 
funded at a level of about $200 million. 
This will be split just about equally be- 
tween the spacecraft development and 
the two launch vehicles in the program. 
the Titan II and the Atlas-A gena. 

Advanced missions study funding 
will remain at about the FY ’65 level— 
some $26 million. 

Funding of the Apollo spacecraft 
will run between $1.1 and $1.2 billion 
dollars. Even if the Administration re- 
duces the overall budget, this portion 
should remain relatively untouched as 
the agency drives to meet its goal of 
landing a man on the Moon before the 
end of this decade. 

Launch vehicle funding will be ap- 


proximately $1.3-1.4 billion. About two 
thirds will be used for the Saturn V 
booster, with the remainder slated for 
the Saturn IB. Continued development 
of the F-1 and J-2 engines will be 
funded at the $100-million level. 

Remainder of the total request will 
be split up, with about $300 million for 
the Office of Advanced Research and 
Technology and $800 million for the 
Office of Space Sciences and Applica- 
tions. 

@ Long shots—Seamans said that 
there appears to be only a slight chance 
that the 1969 Voyager mission will be 
funded. He said this would hold true 
even if the budget reached the $5.5-5.6- 
billion level. 

He also declared that it would not be 
replaced by an Advanced Mariner type 
of spacecraft. 

“Representatives of the scientific 
community would like to make a launch 
in that period and so would I. Some 
people have told us that if we can’t 
support a Voyager mission we should 
move to an Aflas-Centaur-class flight. 
When you look at such a mission, you 
find that you are only splitting your 
limited resources. My view is that we 
should concentrate on development of 
the Voyager.” 

He added that an Aflas-Centaur/ 
Advanced Mariner mission would not 
provide the kind of scientific informa- 
tion that the Space Science Board of the 
National Academy of Sciences wants to 
get about Mars. 

As for the nuclear engine flight- 
testing, he said that while the R&D pro- 
gram has chalked up some significant 
recent successes, this does not mean a 
go-ahead for the project. 

“A year ago, NASA and the AEC 
set up a two-year development program 
and it is nice to see it moving along,” 
he continued. He declined to say when 
flight-testing might be funded, but he 
did rule it out for FY ’66. 

While NASA is pushing for a $5.5- 
$5.6-billion total, and hoping to get as 
much as $5.4 billion, one Johnson Ad- 
ministration official predicted that the 
total might be closer to $5 billion than 
$5.5 billion. 

“President Johnson is eager to keep 
next year’s budget down. While NASA 
may want up to $5.6 billion, they just 
are not going to get it,” the official said. 

As far as the space station is con- 
cerned, the official said he agreed with 
Dr. Seamans that it was too early to 
make a decision on its configuration or 
give it a go-ahead. 

“We haven’t any real long-orbital- 
flight experience, nor have we accom- 
plished a rendezvous maneuver in space. 
We are going to have experience in both 
before we embark on a six to 12-man 
space station.” (See table, p. 46.) | 
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Beyond Apollo: The U.S. Space Program 


PROJECT 


Apollo-X 


Extended Lunar 
Exploration 


MISSION 


Manned long- 
duration flights in 
various orbits 


Increase stay-time 
on lunar surface, 
perhaps to 90 days 


Space Station 


Manned Mars 
(Manned 
Interplanetory) 


Post-Saturn 
Launch Vehicle 


Voyager 


Manned long- 
duration missions for 
periods of o year 

or more 


Manned orbiting 
and landing on 


Mars 


Earth Orbital, 
Manned 
Interplanetary 


FLIGHT SCHEDULE 


1969-71 


1971 
(at earliest) 


1972-73 


1985 
(at earliest) 


Undetermined but 
based on Earth- 
orbital departure 


Unmanned 
planetary 
exploration 


Radio 
Astronomy 
Explorer 


Saturn 1B-Centaur 


Extended Pioneer 


Mapping of the 
universe in 
wavelengths 
below 3,000 mc. 


Booster for 
Voyager spacecraft 


Probe to within 
0.05 au of Sun 


Advanced Pioneer 


Space Cruiser 


Engineering Test 
Satellite 


To serve as first 
solar monitor 


1969—earliest 
possible flight 
(Voyager Test 
Vehicle) 1971—1st 
Bus/Lander system 


1967 


1969 or 
1971 


196B-71 


STATUS 


FUNDING 


Program definition in FY ‘66 


1966 


Decision on configuration in 
12 to 15 months 


Study 


Study phases only 


Study phases only 


RFP’s to be issued in December, 1964; 
development to begin in late 1965 
or early 1966 


Expected to be approved this year 


R&D in FY ‘66 


R&D in FY ‘66 


1972-79 


Deliver 500 Ibs. 
of instruments 
anywhere 


Test bed for 
research & 
technology 
programs 


Orbitol Scanner 


(Weather Bureou) 
Tiros Operational 
System 


Advanced 
Satellite 
System 


Small satellite 
for long-duration 
horizon scanning 


Late in 
next decade 


Late in this 
decade 


Not known 


Daily global 
weather information 


To give operational 
day and night 
cloud pictures and 
other advanced 
measurements 


Nuclear rocket 
propulsion systems 


Not before 
1970 


Not before early 
1970's (NERVA); 
late 1970's 
(Phoebus) 


Study 


Study 


Study; funding expected in FY ‘66 


Study 


Approved for lounch in pairs so that 
two are in orbit at all times 


Weather Bureau's requirements being 
worked out for presentation to NASA 
sometime next year 


Developing reactor and engine technol- 
ogy and primarily reactor development 


SNAP-50/SPUR 


(COMSAT) 
Early Bird 
(HS-303) 


Operational 
Communications 
Satellite System 


Power source for 
space electric 
propulsion system 
and auxiliary power 


Experimental/ 
operational 
synchronous 
orbit system 


Global 
communications 
system using medium- 
or synchronous- 
altitude systems 

or a mixture of 

both 


Not before 
1975 


March, 1965, 
Ist satellite 


Ist launching 

in late 1966; 
operational system 
complete in 

late 1967 


Developing 300-1,000 kwe reactor 
and energy conversion system 


Development 


Research and development 


1966 


Program Defini- 
tion 1967-68 


1967 


1967 


1965 


1966 
1966 
1968 


1970's 


Development 
funds, 1967 


Not known 


Some experiments 
leading to devel- 
opment of tech- 
nology, FY ‘66. 
No full systems 
until after 1970 


1965 (NERVA) 
1966 (Phoebus !) 


1965 


$8 million to 
Hughes in March, 
1964 


Development 
effort to start in 
early 1965 
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NASA: Contracting 


Space Agency Consolidating Contract 
Administration Under National Plan 


Project 60 is first step in preventing duplication of effort; 
agency aims for $1 billion in incentives by end of FY ‘65 


COOPERATION with the Defense 
Department in a nationwide system of 
consolidated contract administration is 
expected to significantly refine NASA 
procurement within the next 18 months. 
The move, coupled with intensive em- 
phasis on incentives. will bring the space 
agency tighter control over its suppliers. 

A pilot test of the new DOD/ NASA 
contract administration system was in- 
augurated April 20, with the Defense 
Supply Agency’s Philadelphia region as 
headquarters. The region encompasses 
most of Pennsylvania, the southern 
counties of New Jersey, and all of Vir- 
ginia, Maryland, West Virginia and the 
District of Columbia. 

Both Defense and space agency offi- 
cials are enthusiastic about the experi- 
ence gained from this pilot-test region— 
designated Project 60 by DOD. Some 
12,000 contracts are in effect in the 


ERNEST W. BRACKETT, assistant deputy 
associate administrator, procurement policy. 
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Philadelphia pilot region, of which 201 
with a value of more than $235 million 
are NASA contracts. 

The pilot test has already shown 
that DOD personnel can effectively ad- 
minister NASA contracts in the field, 
on a reimbursable basis, at a consider- 
able saving of personnel and expense to 
the space agency, and without undue 
burden to DOD. Nor will the program 
cause any cutbacks in NASA personnel. 


PROJECT 60 


A DOD spokesman says there are 
approximately 2,050 persons on the 
DOD payroll in the Philadelphia pilot 
region, and “very few” NASA employ- 
ees involved in contract administration. 

While NASA would not need as 
many personnel as DOD to monitor its 
contracts in the pilot-test area, participa- 
tion in the project has saved NASA con- 


VECCHIETTI, director of 


GEORGE J. 
NASA's office of procurement. 


siderable duplication in personnel. 

Indeed, the agreement between DOD 
and NASA establishing cooperation in 
Project 60 states that its intention is “to 
avoid, to the maximum extent, duplica- 
tion of effort and to achieve the most 
effective and economical utilization of 
Department of Defense and NASA re- 
sources in the performance of contract 
administration services in support of 
NASA.” 

@ Evolution—Project 60 was not 
initiated for the convenience of the 
space agency. It was conceived in 1962 
to make Defense procurement more effi- 
cient. A DOD policy committee was 
established at that time to report to De- 
fense Secretary Robert S. McNamara 
on the feasibility of centralizing DOD 
contract administration. 

McNamara invited NASA Adminis- 
trator James E. Webb to participate in 
Project 60 so that the space agency 
might profit from DOD’s experience in 
streamlining contract administration. 

The Philadelphia pilot-test experi- 
ence portends extensive advantages to 
both DOD and NASA. All Army, Navy, 
Air Force and NASA field contracting 
offices and personnel have been brought 
under one roof and are administered by 
the Defense Supply Agency. 

One illustration of the system’s po- 
tential is the savings in paperwork ush- 
ered in by Project 60 in the pre-award 
phases of contracting. Before Project 60, 
a contractor hoping to compete for an 
award had to complete a capability sur- 
vey (possibly for more than one of the 
services) that might be 31 pages long. 
There is now a single capability survey 
form no more than 11 pages long. 

Project 60 is an interim undertaking 
conducted under a National Planning 
Group for Contract Administration 
Services. It is currently headed by Air 
Force Maj. Gen. William Veal of the 
Defense Supply Agency at Cameron 
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Station, Alexandria, Va. 

@ The national plan—The planning 
group’s outline for an 11-region nation- 
wide system (see accompanying map) 
will go to Secretary McNamara Jan. 1. 
It will call for consolidation of all mili- 
tary and NASA contract administration 
services in the 11 regions 18 months 
after Secretary McNamara approves the 
plan. One DOD official, however, says 
those close to the program thought im- 
plementation could be brought about 
sooner, 

When consolidation is complete 
(some is already under way, in addition 
to the pilot effort), a deputy director for 
contract administration services in the 
Defense Supply Agency will head the 
permanent program. In addition to Phil- 
adelphia, these cities will be the other 
regional headquarters: Boston, New 
York, Cleveland, Atlanta or Birming- 
ham, Ala., Detroit, Chicago, St. Louis, 
Dallas, San Francisco and Los Angeles. 

Defense officials say the next region 
being considered for consolidation is 
that centered in Detroit. April 1, 1965, 
is the target date fer consolidation. 

California, with its vast aerospace 
industry, should illustrate ‘he economies 
promised by consolidating all military 
and NASA contract administration in 
one agency. There are now almost 6,000 
persons in California engaged in pro- 
curement activities, of whom 179 are 
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BOSTON 
Sold 


w, be) NEW YORK 


ELEVEN PROPOSED regions for consolidated national contract administration plan. 


NASA personnel, including those staff- 
ing the Western Operations Office in 
Santa Monica. California firms hold 
NASA contracts with face values total- 
ing between $12 billion and $15 billion. 

If DOD personnel did not admin- 
ister NASA contracts in the region, the 
additional expense to NASA in in- 
creased personnel, greater office space 
and such costs as relocation of person- 
nel from other areas would press the 
space agency budget unnecessarily. In 
Southern California alone, some 230 


Air Force personnel are engaged exclu-: 


sively in NASA contract administration. 

@ Step-by-step—The DOD/NASA 
agreement spells out in detail what DOD 
personnel are to do in support of NASA, 
(presumably the National Planning 
Group will recommend the same ar- 
rangement when the system goes na- 
tional): 

1) Contract administration—accept- 
ance of costs, approval of contractors’ 
systems, subcontract and purchase- 
order approval and consent, price and 
cost analysis, and related assistance be- 
fore and during negotiations. 

2) Terminations—negotiation of 
settlements of contracts terminated for 
convenience. 

3) Plant clearance—disposal of ex- 
cess government property in possession 
of contractors. 

4) Property administration—deter- 


mination of liability for loss or damage. 

5) Quality assurance—inspection 
and/or acceptance of supplies and serv- 
ices, review of contractors’ inspection 
and/or quality control programs, and 
defining quality characteristics not pre- 
viously determined. This area accounts 
for the greatest concentration of person- 
nel—40%—of any of the functional 
areas outlined here. 

6) Production and industrial re- 
sources—production support and sur- 
veillance, pre-award surveys and prior- 
ity and allocation systems. 

7) Industrial manpower—as  re- 
quested by the buying activity. 

8) Engineering liaison—as request- 
ed by the buying activity. 

9) Transportation—issue and con- 
trol of governments bills of lading. 

10) Industrial security—to perform 
as the cognizant industrial security 
office. 

11) Financial management—the 
contract administration element of thc 
pilot-test region (Philadelphia) will ob- 
tain and forward contractors’ financial 
management status reports. 

12) Small business and labor sur- 
plus—assistance to small business firms 
and contractors located in labor surplus 
areas. 

13) Safety—safety matters on non- 
hazardous materials and processes. 

14) Performance of any additional 
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functions as agreed between the pur- 
chasing office and the (Philadelphia) 
test director. 

NASA reimbursement of DOD for 
contract administration services per- 
formed in the Philadelphia pilot-test 
region is detailed in a memorandum of 
understanding that supplements the 
agreement establishing cooperation in 
the pilot program. 

@ The negative reaction—Although 
pilot-test region results encourage de- 
fense and space agency officials to pro- 
ceed with the nationwide consolidation 
of contract administration services, in- 
dustry response hasn’t all been favor- 
able. 

Painstaking explanation of the pro- 
gram’s objectives has been required in 
the Philadelphia region when any of the 
services has informed a “landlord” it is 
vacating its premises to consolidate pro- 
curement functions at the Defense Sup- 
ply Agency facility there. 

Similarly, incentive contracting is 
“no panacea” that will protect the space 
agency from cost overruns or program 
slippages, but Ernest W. Brackett, As- 
sistant Deputy Administrator for Pro- 
curement Policy, says NASA will be 
continually looking to see if incentives 
can be applied in all new procurement. 


INCENTIVES 


Study contracts don’t always lend 
themselves to incentives, Brackett says, 
in which case fixed-price contracts— 
“the strongest incentive there is’—usu- 
ally apply. 

But the explosive growth in applica- 
tion of incentive contracting that has 
typified space agency procurement for 
the past two years will continue, NASA 
officials feel. 

Two years ago, NASA had only two 
contracts with any incentive provisions 
in effect. The figure jumped to 17 by 
November, 1963, and now stands at 60. 
NASA incentive contracts in force have 
a face value of more than $650 million. 
The space agency’s goal is to boost that 
figure to $1 billion by the end of Fiscal 
Year 1965. 

@ Pioneering pains—The agency’s 
earlier cost-plus-fixed-fee procurement 
policy stemmed from the fact that there 
was little or no precedent for the work 
being done: “Nobody had ever made 
a three-man capsule to go to the Moon 
before,” says Brackett. 

In addition to this factor, the kind 
of procurement peculiar to NASA—the 
purchase of few-of-a-kind items—en- 
couraged the earlier reliance on fixed-fee 
contracting until a history of contractor 
performance could be generated that 
might provide reasonable expectations as 
to cost, delivery and quality of the item. 

The ideal incentive contract, say 
Brackett and George J. Vecchietti, Di- 


rector of NASA’s Procurement Office, is 
the cost-plus-incentive-fee (CPIF) type 
that promises the contractor incentive 
fees for remaining within negotiated 
costs and early or on-time delivery of a 
product that performs at least as well 
as NASA specifications require. 

Of the 60 incentive contracts in 
force, 31 are in the CPIF category, 13 
are fixed-price-incentives (FPI) and 10 
are cost-plus-award-fee (CPAF). The 
remainder are combinations to which in- 
centives of some type have been applied. 

The space agency does make vol- 
ume purchases of some items, launch 
vehicles among them. In such instances, 
where quantity purchasing is possible 
and extensive production history exists, 
it is also attempting to convert to in- 
centives or apply incentives to follow-on 
contracts. 

The first such conversion involved a 
contract with Ling-Temco-Vought, Inc. 
—a follow-on order for 23 Scout boost- 
ers. Originally a  cost-plus-fixed-fee 
(CPFF) contract, it has been renegotia- 
ted as a fixed-price-incentive (FPI) 
type. 

Another big-dollar contract being re- 
negotiated from CPFF to CPIF is that 
with McDonnell Aircraft Corp. for the 
two-man Gemini capsule. There is no 
present plan to convert the A pollo space- 
craft CPFF contract with North Ameri- 
can Aviation, Inc., to incentives, but 
“the possibility exists,” say procurement 
officials. 

@® Competition intensified—The 
space agency is also continuing to en- 
courage contract negotiation in a com- 
petitive atmosphere to “shake down” 
the field of bidders on a particular re- 
quest for proposals, reducing their num- 
ber to those firms most likely to be 
capable of delivering a quality product 
on time and without cost overruns. 

NASA’s source-selection board sets 
in motion the machinery to create a 
highly competitive atmosphere. Any 
contract worth more than $5 million 
must be reviewed by the source-selection 
board at NASA _ headquarters. The 
board issues RFP’s after being informed 
of their need by the cognizant program 
office at headquarters. 

The board issues the RFP’s and, 
after bids are received from industry, 
they are reviewed by the board-ap- 
pointed business and technical com- 
mittee. The committee reports its find- 
ings on the bids to the source-selection 
board, which in turn presents the com- 
mittee’s findings to Administrator Webb 
and Associate Administrator Dr. Robert 
C. Seamans. 

The firms most likely to win the 
awards are indicated at this time, and 
“hard-nosed” negotiations begin, with 
those firms still in the running informed 
that they are competing with companies 
eAweand “Bia 
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In this manner, the space agency can 
trim much of the “fat” out of its con- 
tracts. 

@ Keeping subscompetitive—NASA 
likes to stress competition among the 
myriad subcontractors on a particular 
program. Although the agency does not 
select subcontractors (who currently re- 
ceive 50% of NASA contracts), it does 
have an approval prerogative that can 
be exercised in the field. 

Contracting officials in the field have 
the power to veto a potential subcon- 
tractor if his share exceeds $25,000, and 
this intensifies realistic bidding all down 
the line. Agency officials say, however, 
that this veto option has been exercised 
very seldom. 

The space agency also keeps tabs on 
its primes by sending a representative 
with DOD’s purchasing survey team 
into any plant holding $25 million in 
NASA contracts. This serves as a check 
on how well the prime is managing his 
subcontractors. 

And a recently adopted procedure 
further assists NASA Headquarters in 
assessing contractor performance. Each 
field center files a monthly report to 
Headquarters detailing how well each 
of its incentive contractors appears to be 
meeting the requirements of the con- 
tract. 

Another procurement procedure that 
has cut NASA costs is its adoption of a 
uniform relocation cost regulation. Most 
firms have differing plans for reimburs- 
ing employees who have to relocate to 
go to work on a new contract, and 
NASA at first tried to follow the plan 
of the firm with which it contracted. 

There was too wide a divergence, 
however, and the space agency has stan- 
dardized the costs it will pay for re- 
locating contractor personnel. NASA 
officials feel that their standardized plan 
is equitable, but they also report some 
grumbling from employees of firms 
whose relocation allowances are more 
liberal than NASA’s. 

@ Assisting industry—A summary 
of other moves NASA has made to as- 
sist firms interested in selling to it shows 
the agency has: 

—Published a volume _ entitled 
“NASA Procurement Regulations,” 
which can be purchased at the Govern- 
ment Printing Office in Washington. 

—Published a manual (not for 
sale) explaining source-selection philos- 
ophy and procedures. 

—TInaugurated DOD's contractor 
performance evaluation system on a 
trial basis. A group at each field center 
is applying the system to one contractor 
and reporting to an ad hoc committee at 
NASA Headquarters. The system has 
been in effect only about a year, but 
promises to weed out poor performers 
even though it still is far from a per- 
fect tool. a 
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Another fuel cell application/success report from Allis-Chalmers: 


FIRST. ..in a land vehicle, a 15-kw tractor... 1959. 


FIRST... to successfully pass zero gravity tests, 
Wright Patterson AFB... 1962. 


Allis-Chalmers points the way 


1959, A-C built a self-contained 15-kw fuel cell-powered trac- 
tor — the first application of fuel cells to terrestrial vehicles. 


In 1962, A-C demonstrated another fuel cell first. In co- 
Operation with the U. S. Air Force, A-C successfully 
zero-gravity-tested a fuel cell power pack. 


In March, 1964, A-C created another fuel cell first by building 
and testing for the air force, the first fuel-cell power pack 
qualified for orbit. This 14-lb., 50-watt HO. fuel cell proved 
the reliability of Allis-Chalmers fuel cells under some of 
man’s most stringent tests. 


In July, 1964, A-C scored another fuel cell first. We delivered 
fuel cell power to General Dynamic’s/Electric Boat — Star | 
submarine. This hydrazine-oxygen, 36-volt, 750-watt power 
pack doubled the Star |’s endurance. Previously, batteries 
lasted 4 hours and required 8 hours for recharging. With the 
fuel cell system, endurance is based only on fuel and oxidant 
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FIRST... ‘qualified for space” fuel cells for the Air Force FIRST. ..to power an underwater vehicle... July, 1964. 
...March, 1964, 


in applying Fuel Cell power... 


supplies aboard. Refueling takes only 5-10 minutes. 


We've perfected the static moisture removal concept. 
Water is removed from the fuel cell system without the use 
of pumps and intricate auxiliaries. 


We've introduced fuel cell catalyst developments such as 
nickel boride. 


We applied multi-kilowatt fuel cell power systems to an 
experimental golf cart, a lift truck and to other vehicles 
illustrated above. 


This is why Allis-Chalmers believes that it is one thing to 
research fuel cells and quite another to develop workable 
units — and then apply them successfully! 


May we discuss your aerospace and defense fuel cell 
application? TELEPHONE AREA CODE 414-774-3600, EXT. 
491, ALLIS-CHALMERS box 512, Milwaukee, Wis., 53201. 


A-1954 
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ALLIS-CHALMERS 


An Equal Opportunity Employer 


FUEL-CELL design for Aerospace and Hydro- 
space applications is but one of the opportuni- 
ties open today for qualified scientists and 
engineers at Allis-Chalmers. For information 
concerning employment write to: Manager of 
Professional Placement, Allis-Chalmers, Mil- 
waukee, Wisconsin 53201. 


NASA: Manned Orbital Operations 


Apollo-X Spacecraft Going Into 
Program Definition Next Fiscal Year 


Plans call for flights beginning in 1968-69; no hardware 
funding for space station expected before Fiscal 1968 


MANNED SPACE FLIGHT offi- 
cials are moving ahead with plans for 
a post-A pollo schedule of 18 missions, 
with the Apollo-X spacecraft carrying 
experimental payloads estimated to cost 
up to $600 million. 

The same officials now seem to fa- 
vor a new, Single-structure spacecraft 
weighing about 30,000 Ibs. as the first 
true NASA space station, with flights to 
begin in the 1972-73 period. As one offi- 
cial put it, “If we had to go today, this 
is the way we would go.” 

This would appear to downgrade the 
Manned Spacecraft Center proposal to 
add modules to the Apollo spacecraft 
and then join three of them together 
into a “Y”-shaped station capable of 
holding up to 36 astronauts. 

Dr. Robert C. Seamans, Jr., associ- 
ate administrator, told MISSILES & 
ROCKETS, however, that “since no deci- 
sion is required on the space station 
configuration for at least one year and 
possibly two, we will continue to study 
all concepts.” 

NASA, however, is definitely mov- 
ing into the program-definition phase 
(PDP) of the Apollo Extension Sys- 
tems (A pollo-X) in the next fiscal year. 

Plans also call for some funding of 
long lead-time systems; however, this 
is based on Johnson Administration ap- 
proval of a $5.6-billion budget, which 
would provide about $50 to $75 million 
for Apollo-X. lf the budget—as ex- 
pected—drops to the $5.4-5.5-billion 
level, the program will still go to pro- 
gram definition, but the flight schedule 
would be delayed for as much as a year. 

NASA’s current plan is to begin 
flights of the Apollo-X in late 1968 or 
early 1969 with missions continuing into 
1971. In late 1971 or 1972, the Office 
of Manned Space Flight believes it will 
be necessary for both technological and 
economic reasons to go to a six to 12- 
man space station capable of staying 
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in Earth orbit for a minimum of one 
year. 

@ Space station all new—While no 
final decision has been made, Advanced 
Manned Missions Study officials will 
probably recommend eventually that the 
space station should be a new spacecraft 
using either Apollo or Gemini space- 
craft as supply vehicles. It will be a 
continuous = structure—not modules 
joined together—weighing from 30,000 
to 50,000 Ibs. and having a diameter 
of about 22 ft. 

The officials believe that this is just 
about right for a space station. One 
scientist said that one of the reasons 
Headquarters is shying away from the 
Manned Spacecraft modular space sta- 
tion is that its 15-ft. diameter is con- 
sidered too thin. A 22-ft.-dia. station 
will also apparently rule out the Titan 
III as the booster in the program be- 
cause its diameter at the transtage is 
only 10 ft. 

The Manned Space Flight Office 
plans now call for going into the pre- 
program definition phase in the next 
fiscal year with PDP and hardware 
funding of long lead-time items in FY 
°67. This may be an optimistic sched- 
ule and slippage of a year is possible. 

For the present, the space station 
program will remain at the Langley 
Research Center. It will be placed un- 
der the management of the Manned 
Spacecraft Center sometime in the next 
~fiscal year. 

@ Apollo-X—One of the big un- 
answered questions in the Apollo-X pro- 
gram is how big a role North Ameri- 
can Aviation’s Space & Information 
Systems Div.—prime contractor for the 
Apollo Command and Service Modules 
—will play in it. 

Serious consideration is being given 
to selecting another firm to take basic 
Apollo capsules produced by North 
American and the Lunar Excursion 


Modules (LEM) produced by Grum- 
man Aircraft Engineering Corp. and 
modify them for Apollo-X missions. 

The major modifications include re- 
moval of the LEM ascent stage propul- 
sion which would allow 1,300 cu. ft. 
for experiments and for long Earth- 
orbital flights; two Service Module pro- 
pulsion tanks would also be removed. 

In terms of subsystems, the main 
modifications would be made to the 
power system and the environmental 
controls system, which will be changed 
to a two-gas system. NASA estimated 
the total cost of the modifications at 
under $100 million. 

The really booming market for in- 
dustry will be in supplying the instru- 
mentation and systems for the experi- 
ments that will ride on Apollo-X. 

Since the program has not been 
finalized, manned spaceflight officials 
can only estimate that the experimental 
payloads will cost between $300 and 
$600 million. They will be centered in 
such areas as meteorology, mapping and 
survey, research and technology, lunar 
surface exploration, lunar orbital study, 
astronomy, communications, biomedi- 
cal and behavioral research and opera- 
tions capability. 

Details of the experiments, number 
of flights, required instruments and sys- 
tems are included in a specially pre- 
pared M/R table on page 56. The 
ground rules for Apollo-X dictate a 
minimum change. 

@ Design studies under way—North 
American—as prime contractor on Ap- 
ollo—is conducting a preliminary de- 
sign study of Apollo-X under a $700,- 
000 contract from the Manned Space- 
craft Center. An earlier increment of 
the study was conducted with about 
$350,000 provided jointly by NASA 
and North American. The present con- 
tract expires in March, 1965. 

The cubage and weight allowance 
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REMOVE ASCENT 
PROPULSION 


ADD EXPERIMENTS, 
EXPENDABLES, FUEL CELLS 


for the extra expendables such as fuel, 
cabin air and food for the 28 or 30-day 
missions becomes available with the 
elimination of some of the more strin- 
gent lunar mission requirements. Re- 
moval of the Lunar Excursion Module 
from its adapter atop a Saturn V pro- 
vides ample volume and a 32,000-lb. 
weight allowance for very-long-duration 
lab modules. 

Saturn IB is a more likely choice for 
the more limited Apollo-X goals be- 
cause of its lower cost and earlier 
availability. Between 1,000 and 2,000 
Ibs. can be made available for Earth- 
orbital missions by machining the heat 
shield thinner, since entry velocities 
will be on the order of 25,000 fps rather 
than 35,000 fps. More weight can be 
saved by removing navigational and ex- 
perimental equipment needed only for 
the lunar mission. 

Apollo-X may carry three men or 
two; the decision has not been made. 
Eliminating one man provides a hand- 
some return in weight and cubage. His 
absence would reduce the rate at which 
expendables are consumed and would 
provide more storage space or work 
space for lab tasks. 

The Russian achievement of three- 
man orbital flight robs two-man mis- 
sions of much of their propaganda 
charm and may make it impossible to 
judge this question on a purely techni- 
cal basis. 

@ Abort and life-support—The sheer 
distances and times involved in lunar 
Apollo missions has demanded severe 
abort criteria. Relaxation of these be- 
cause of the relative ease with which 
an Earth-orbit mission can be aborted 
does much to give Apollo-X its ex- 
tended duration. 

For instance, on a lunar mission the 
failure of even one of the three fuel 
cell power supplies demands an im- 
mediate abort because the failure of one 


REPLACE 2 PROPELLANT 
TANKS WITH FUEL CELLS 
AND EXPENDABLES 


CAMERA, EXPERIMENTS 
OR EXPENDABLES 


1 MONTH IN EARTH OR LUNAR ORBIT 
88 INDICATES 2 TO 3 MONTHS IN EARTH ORBIT 


APOLLO-X CONCEPT. Shaded areas indicate extra expendables for long trips. 


more cell would mean that a full-dura- 
tion mission could not be completed 
without the loss of on-board power and 
the death of the astronauts. 

The third cell, which is an emer- 
gency back-up for lunar missions, can 
be expended as part of the primary sys- 
tem in Earth orbit, thus adding sub- 
stantially to mission duration. Setting 
design criteria for the power system may 
be a subtle problem because fuel cells 
appear to deteriorate slowly rather than 
failing suddenly. 

A number of other systems critical 
to astronaut survival for the full dura- 


‘tion of the lunar mission provide a 


built-in mission extension for Earth 
orbit. 

@ What atmosphere?—It would be 
true of the environmental control sys- 
tem supplied by AiResearch Div. of 
Garrett Corp., except for the fact that 
there is a tacit consensus among engi- 
neers that the switch from a 5-psi pure 
oxygen system to a 7.5-psi double-gas 
system will be made on Apollo-X. 

This would require design of a new 
system and, in view of the “minimum 
change” requirement imposed on Ap- 
ollo-X, it may have a strong bearing 
on the future prospects of the program. 

NAA engineers are still thinking of 
the new atmosphere as a nitrogen-oxy- 
gen mixture. AiResearch, however, is 
studying helium and oxygen. Navy sub- 
marine development has shown that this 
mixture would reduce the danger of the 
bénds in the transition from the cabin 
atmosphere to a 5-psi oxygen environ- 
ment in an extra-vehicular spacesuit. 

Preliminary results of the AiRe- 
search work, under the direction of Dr. 
James Waggoner, indicate there may be 
other advantages to the mixture. The 
maximum comfort temperature level in 
helium-oxygen appears to be about 6°F 
higher than in pure oxygen. This would 
simplify the problem of temperature 
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ES 
Research and Technology 
Requirements for MORL 


1. LONG LEADTIME DEVELOPMENT AND 
TESTING 


Subsystem Development 


Assessment of compatibility of spocesuit devel- 
opments with MORL -otmosphere. 

Quolificotion of air evaporotion/humidity woter- 
processing system proposed for MORL. 
Development ond quolification of zero-g galley 
and laundry equipment. 

Design ond qualificotion of an adequote logistics 
system, including (1) requirements for long-term 
ferry vehicle storage, (2) cryogenic and propellant 
handling methods and criteria, ond (3) pockaged 
cargo handling methods and criterio. 
Development ond qualificotion of the vorious 
mechanisms involved in operation of MORL in- 
cluding (1) docking and stowage orms, (2) experi- 
mentol ond operotional handling orms, (3) airlock 
operoting ond seoling mechanisms, (4) centrifuge 
ond its control and balance, (5) solor panel de- 
ployment mechonism, ond (6) spin deployment 
ond retraction mechanism. 

Development ond qualificotion of control-moment 
gyro system sized to MORL-class requirements. 

¢ Determination of hypergolic propellant long-term 
storage ond ignition choracteristics under orbital 
environment conditions. 

Qualificotion of long-life engines (10,000 + sec- 
engs) for use in orbit-keeping ond ottitude con- 
trol. 

Development of long-life bellows (1,000 +- cycles) 
capoble of storing hypergolic propellonts for ex- 
tended periods. 

Assessment ond/or development ond quolificotion 
of Isotope/Brayton power generotion equipment 
for MORL, 

Development and qualificotion of a low-loss, 
high-power rf switch for use ot S-bond frequen- 
cies. 

Development of experimentol equipment. 


Humon Compatibility 


Determination of _physiological/psychological 
monitoring ond conditioning criterio. 
Quolificotion of the proposed MORL atmosphere 
for long-term habitobility. 

Determination of detrimentol atmospheric ond 
water trace contominents, toxicity levels, and 
methods of control. 

Assessment of long-term exposure to modified 
(semisterile) bocteriological environment. 
Assessment and optimization of the proposed 
Apollo/MORL rendezvous and docking methods. 
Assessment of man’s capobility in zero-g to per- 
form stotion-keeping operotions, maintenance ond 
experimentation. Further assessment of man’s re- 
sponse to rotating environments. 

Estimotion of mon’s capobility in extravehiculor 
octivities requiring spocesuit operotions. 


Design Criterio Development 


Determinotion of radiotion environment 
oreos of mission interest. 

Determinotion of micrometeoroid environment in 
all oreos of mission interest. 

Determinotion of the effects of ultro-high vocuum 
on moterial properties and moteriol processing 
ond hondling. 

Estoblishment of reolistic long-term rodiotion ex- 
posure criterio for mon. 

Estoblishment of requirements and operotionol 
porometers for spinning operotion of the MORL. 


in oll 


Il. SECOND-GENERATION DEVELOPMENT 
REQUIREMENTS 


¢ With MORL as test vehicle— 

1. Development of detoil criteria to monitor 
ond mointoin mon’s physiological and psy- 
chologicol fitness, 

2. Development of detail criterio for man’s 
performonce under zero-g in both spocesuit 
ond shirtsleeve operotions. 

3. Ultra-high vocuum effects on moteriols, fin- 
ishes, ete. 

4. Development of processing, hondling, repair, 
and ossembly techniques. 

¢ Development ond quolificotion oboord MORL of 
on optimum O2 regenerotion system. 

Assessment of use of other CO» obsorption sys- 
tems. 

Assessment of the relotive economic effectiveness 
of on electrodialysis/air evoporotion urine puri- 
ficotion system for long-term spoce station op- 
erotions. 

Development of relioble slip rings to allow use of 
more efficient (propellent expenditure) oriento- 


tions during spinning operotions. 

© Development and quolificotion of nucleor power 
generotion systems. 

e Development of dota compoction methods suit- 
oble for on-boord use. 

¢ Development of experimentol equipment. 


News 
Briefs 


A new heat-shrinkable silicone rubber, sup- 
plied in the form of finished parts by Dow Corning, 
shrinks to one-half its original diameter when heated 
sriefly at 300F. Silastic® 1410 heat-shrinkable rub- 
er provides tight, form-fitting protection for wire 
harnesses, cable splices, miliconductor cables, hy- 


is 
draulic and mechanical couplings, or acts as cable 
blast shields in rocket launching applications. After 
shrinking, this material retains its flexibility from 
— 100 to 500 F. Available in a range of stock tubing 
sizes or as custom made parts of varying shapes. 
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AEROSPACE NEWS from Dow Corning 


New fluorosilicone rubber sealants 
seal integral fuel tanks on F-111 


A new family of one-part fluorosilicone rub- 
ber sealants, developed by Dow Corning for 
the aerospace industry is meeting the needs 
for fuel resistant seals in high performance air- 
craft. Because of their flexibility and strength 
while immersed in jet fuel at temperatures from 
—70 to 500 F, four of these sealants were 
selected by General Dynamics for use in seal- 


ing critical areas of the integral fuel tanks in 
the F-111 Air Force/Navy tactical fighter. 


A special fluorosilicone sealant which air cures 
to a resilient rubber was developed for use in 
filleting, another for rivet head and fastener 
coverings. Low spots that would form natural 
sumps are filled with a low density fluorosili- 
cone sealant. Finally a non-curing sealant was 
designed for channel and faying surfaces. 


The three sealants which cure to a strong rub- 
ber retain peel and bond strength after pro- 


New non-corrosive seal- 
ants, for aerospace applica- 
tions, are now available from 
Dow Corning. These one- 
component sealants cure at 
room temperature to tough 
silicone rubber without liber- 
ating acetic acid; therefore 
are not noxious when used in 
confined areas. Common 
aerospace structural metals 
and materials show no cor- 
rosive reaction to these new 
sealants. They can be used 
for bonding, sealing, encap- 
sulating, and coating surfaces 
which require heat, age and 
weather resistance. These 
sealants are ideal for con- 
struction of missiles and 
rockets as well as for on-site 
maintenance. 


CIRCLE 23 ON READER SERVICE CARD 


longed immersion in jet fuels or when sub- 
jected to splash and fume exposure of rocket 
fuels such as nitrogen tetroxide or hydrazine. 
All have excellent resistance to ozone, oxygen, 
many chemicals, weather, aging and thermal 
cycling. These fuel tank sealants are simply 
examples of Dow Corning’s ability to engineer 
products for specific aerospace applications. 
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For further information about materials described 
here... or our capability to provide you with tailor- 
made materials designed specifically to meet your 
requirements, write Dept. 6211, or call Aerospace 
Materials Dept., Dow Corning, Midland, Michigan. 


Dow Corning 


control, AiResearch engineers point out. 
A possible disadvantage is increased 
leakage caused by higher cabin pres- 
The weight penalty charged to this 
could be a serious obstacle when com- 
pounded over a 30- to 90-day mission. 
It may be offset, however, by reduced 
pumping requirements that have been 
indicated in the early AiResearch work. 
But for the fact that NASA had a 
thorough understanding of the single- 


and knew relatively little about two-gas 
systems, it is probable that even the 
lunar Apollo would have gone the two- 
gas route. 

Some components, such as control 
systems and certain communications ex- 
periments, require as much redundancy 
for either mission and so must be de- 
signed up to the new longer mission. 
The Apollo-X study teams are retaining 
the lunar Apollo plan of attempting no 


in flight. This means that where the 
greater redundancy required by the 
lunar mission cannot be used to ex- 
tend mission duration, reliability pro- 
grams must re-qualify components for 
longer lifetime. 

No decision has been made on how 
long a mission must be to make an in- 
flight maintenance more desirable than 


‘redundant back-ups. However, it is far 


beyond the 30- to 90-day missions con- 


gas system gained in Project Mercury 


repair or replacement of components 


templated in the Apollo-X studies. 


Apollo-X Experiments and Flight Plans 


OBJECTIVES: 


MISSION 


CHARACTERISTICS: 


EXPERIMENTS: 


LIMITING FACTORS: 


PROSPECTS FOR 
SOLUTION: 


FLIGHT PROGRAM: 


METEOROLOGY 


ESTABLISH FEASIBILITY AND USE OF MANNED 
MULTISENSOR WEATHER SATELLITE 


INITIAL EXPERIMENTAL FLIGHTS IN LOW ALTITUDE 
30° ORBITS. POLAR ORBITS FOR GLOBAL OBSER- 
VATIONS. SYNCHRONOUS ORBITS FOR SYNOPTIC 
CONTINUOUS OBSERVATION 


CORRELATED BROAD SPECTRUM EXPERIMENTS US- 
ING MULTISPECTRAL CAMERA, IR LINE SCANNING 
IMAGERY, SIDE LOOKING RADAR (3 FREQUEN- 
CIES), SPECTROMETER, SOLAR RADIATION TELE- 
SCOPE 


THREE-FREQUENCY SIDE-LOOKING RADAR FEAS- 
IBLE BUT NOT DEVELOPED. LONG DURATION SUB- 
SYSTEMS. DATA HANDLING OPERATIONS PRO- 
CEDURES 


THREE-FREQUENCY RADAR CAN BE DEVELOPED 
WITHIN 36 MONTHS. NO TECHNICAL BREAK- 
THROUGH REQUIRED. DEVELOPMENT FUNDING 
REQUIRED 


SIX FLIGHTS PLANNED. EXPERIMENTS !NCLUDE: 
MULTISPECTRAL CAMERA CHECKED OUT AND OP- 
ERATED ON LUNAR SURVEY SIMULATION MISSION 
IN EARTH-ORBIT INITIAL FAMILIARIZATION; SPEC- 
TROMETER FOR MAPPING EARTH RADIATION 
CHECKED OUT AND OPERATED IN SYNCHRONOUS 
ORBIT; MULTISPECTRAL CAMERA FLOWN WITH IR 
LINE SCANNING DEVICE FOR OBSERVATION AND 
CORRELATION IN TWO SPECTRA; MULTISPECTRAL 
CAMERA, IR DEVICE AND SIDE-LOOKING RADAR 
WITH EMPHASIS ON RADAR EXPERIMENTS AND 
CORRELATION OF SENSOR OUTPUTS; MULTISPEC- 
TRAL SENSORS TO PERMIT SYNOPTIC COVERAGE 
OF METEOROLOGICAL PHENOMENA. 


BIOMEDICAL & BEHAVIORAL 


OBJECTIVE: 


MISSION 
CHARACTERISTICS: 


EXPERIMENTS: 
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EFFECT OF WEIGHTLESSNESS AND CONFINEMENT. 


DETERMINE MAN’S PERFORMANCE. IMPROVE OP- 
ERATING EFFECTIVENESS 
ZERO-G. EXTENDED EXPOSURE. CONDUCT EX- 


PERIMENTS AND RESEARCH PROGRAM 


INCREASING TIME OF ZERO-G EXPOSURE. 
EQUIPMENT OPERATION. SPACECRAFT MANEU- 
VERING. EXTRA-VEHICULAR ACTIVITIES 

TEN BASIC BODY SYSTEM MEASUREMENTS: 
CARDIOVASCULAR FLUID AND ELECTROLYTE 


HEMATOLOGICAL BALANCE 
RESPIRATORY NEUROLOGICAL 
MUSCULOSKELETAL DIGESTIVE 
METABOLIC ADAPTATIVE 


PSYCHOMOTOR FUNCTIONS 


LIMITING FACTORS: 


PROSPECTS FOR 
SOLUTION: 


FLIGHT PROGRAM: 


EXPERIMENTAL EQUIPMENT DEVELOPMENT 


EQUIPMENTS ARE WITHIN STATE OF THE ART. 
EXTENSION OF MERCURY/GEMINI/APOLLO TECH- 
NIQUES. DEVELOPMENT FUNDING REQUIRED 


EXPERIMENTS WILL MEASURE CARDIOVASCULAR, 
RESPIRATORY, HEMATOLOGICAL, MUSCULOSKELE- 
TAL, METABOLIC, FLUID AND ELECTROLYTE BAL- 
ANCE, NEUROLOGICAL, DIGESTIVE, ADAPTION 
AND PSYCHOMOTOR FUNCTION. HEAVY SCHED- 
ULING OF BIOMEDICAL EXPERIMENTS OF FIRST 
FLIGHTS OF A GIVEN DURATION. SAME EXPERI- 
MENTAL PACKAGE OF SECOND FLIGHT OF GIVEN 
DURATION TO PROVIDE VALIDATION POINTS AND 
INSURE ABILITY TO MAKE DETAILED EVALUATION. 
HEMATOLOGICAL AND CARDIOVASCULAR EVALU- 
ATIONS PLANNED FOR ALL EARTH-ORBITAL MIS- 
SIONS. 


LUNAR ORBITAL SURVEY 


OBJECTIVES: 


MISSION 
CHARACTERISTICS: 


EXPERIMENTS: 


LIMITING FACTORS: 
PROSPECTS FOR 


SOLUTION: 


FLIGHT PROGRAM: 


OBJECTIVE: 


MISSION 
CHARACTERISTICS: 


EXPERIMENTS: 


LIMITING FACTORS: 


TOPOGRAPHIC AND SITE SELECTION DATA. MAPS 
AND SURVEYS OF ENTIRE SURFACE 


ORBIT DURATION 
LOW EQUATORIAL TO 28 DAYS 
POLAR TO 28 DAYS 


PHOTOGRAPHY; PROBES; RADAR; IR AND GAMMA- 
RAY SURVEY; UV SPECTROMETRY; MICROWAVE; 
X-RAY SPECTROSCOPY; VHF REFLECTIVITY 


PROBE DEVELOPMENT. DATA HANDLING EQUIP. 
MENT. EXTENDED DURATION SUBSYSTEMS 


EQUIPMENT MODIFICATION REQUIRED, FUNDING 
FOR MODS OR DEVELOPMENT REQUIRED 


NOT AVAILABLE. 


COMMUNICATIONS 


EXPLOIT ADVANTAGES OF SPACE FOR DIRECT 
HOME RADIO AND TV COMMUNICATIONS, AND 
FOR GROUND POINT TO POINT AND DEEP SPACE 
TO GROUND COMMUNICATION RELAY 


SYNCHRONOUS ORBITS FOR CONTINUOUS COM- 
MUNICATION EXPERIMENTS. LOW ALTITUDE OR- 
BITS FOR OTHER COMMUNICATIONS RESEARCH 


UHF TRANSMISSIONS UTILIZING A 30-FOOT IN- 
FLATABLE ANTENNA. FM RADIO TRANSMISSIONS 
COVERING LARGE AREAS OF THE EARTH CON- 
TINUOUSLY. 


NOISE SPECTRAL TEMPERATURE MEASUREMENTS. 
DETAILED STRUCTURE PATTERNS OF LARGE EARTH- 
BASED ANTENNAS 


EFFICIENT PRIME POWER SOURCE FOR LONG DUR- 
ATION NOT AVAILABLE, EQUIPMENT REPACKAG- 


EEE 
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PROSPECTS FOR 
SOLUTION: 


FLIGHT PROGRAM: 


OBJECTIVE: 


MISSION 
CHARACTERISTICS: 


EXPERIMENTS: 


LIMITING FACTORS: 


PROSPECTS FOR 
SOLUTION: 


FLIGHT PROGRAM: 


OBJECTIVE: 


MISSION 
CHARACTERISTICS: 


LIMITING FACTORS: 


PROSPECTS FOR 
SOLUTION: 


FLIGHT PROGRAM: 


ING AND INFLATABLE ANTENNA DEVELOPMENT 
REQUIRED 


FUEL CELLS MAY BE USED FOR POWER UNTIL 
RADIOISOTOPE UNITS CAN BE DEVELOPED. RE- 
PACKAGING CAN BE ACCOMPLISHED WITHIN 
PROPOSED SCHEDULE BY IMMEDIATE IMPLEMEN- 
TATION. DEVELOPMENT FUNDING REQUIRED 


TWO FLIGHTS. ONE WILL EMPHASIZE UHF TV 
BROADCASTING TRANSMITTED TO HOME RECEIV- 
ERS OVER A 1,000-MI.-RADIUS AREA. SECOND WILL 
BROADCAST OVER RADIO FREQUENCIES COVER- 
ING LARGE AREAS OF EARTH CONTINUOUSLY. 
EXPERIMENTS TO PROVIDE BASE FOR RELAYING 
COMMUNICATIONS GROUND TO GROUND AND 
DEEP SPACE TO EARTH. ALSO MEASUREMENT OF 
STRUCTURE PATTERNS OF EARTH-BASED AN- 
TENNAS. . 


MAPPING AND SURVEY 


EXPLORE FEASIBILITY OF MANNED SPACE FLIGHT 
TO DEVELOP SYNOPTIC, MULTISENSOR MAPPING 
OF EARTH FOR PEACEFUL PURPOSES. 


INITIAL FEASIBILITY IN LOW INCLINATION AND 
ALTITUDE ORBIT. LONG DURATION POLAR 
FLIGHTS FOR GLOBAL COVERAGE. LONG DURA- 
TION SYNCHRONOUS ORBITS FOR CONTINU- 
OUS COVERAGE 


SYNOPTIC GLOBAL COVERAGE AND CORRELATION 
OF SIGNIFICANT OUTPUTS FOR EACH AREA OF 
RESEARCH USING MULTISPECTRAL CAMERA, IR 
LINE SCANNING IMAGERY, THREE-FREQUENCY 
SIDE-LOOKING RADAR, MICRO-WAVE RADIOM- 
ETER. 


THREE-FREQUENCY SIDE-LOOKING RADAR FEA- 
SIBLE BUT NOT DEVELOPED. DATA HANDLING 
EQUIPMENT. LONG DURATION SUBSYSTEMS 


RADAR CAN BE DEVELOPED WITHIN 36 MONTHS. 
PRESENT SUBSYSTEM EXTENSIONS FEASIBLE. 
FUNDING REQUIRED FOR EQUIPMENT DEVELOP- 
MENT 


THREE-FLIGHT PROGRAM EVOLVES FROM USE OF 
INDIVIDUAL SENSORS AND CORRELATION OF SIG- 
NIFICANT OUTPUTS. PURSUED IN CONJUNCTION 
WITH METEOROLOGICAL PROGRAM. ONE FLIGHT 
DEVOTED TO SYNOPTIC, MULTISENSOR COVER- 
AGE OF EARTH. DEVICES USED ARE MULTIBAND 
CAMERA, IR LINE SCANNING IMAGERY AND SIDE- 
LOOKING RADAR. EMPHASIS ON EXPERIMENTS 
WITH MICROWAVE RADIOMETER AND CORRELA- 
TION OF SIGNIFICANT OUTPUTS OF OTHER SEN- 
SORS FOR SYNOPTIC COVERAGE. 


OPERATIONS CAPABILITY 


DEVELOP CAPABILITY FOR MANNED OPERATIONS 
IN SPACE SUCH AS: 


1. FEASIBILITY OF FLIGHT INTO ALL USEFUL 
ORBITS 


. PLANE AND ORBIT ALTITUDE CHANGES 
. LOGISTICS FEASIBILITY 

. NON-COOPERATIVE RENDEZVOUS 

. EXAMINATION OF PREVIOUS SATELLITES 


Oh WD 


POLAR AND SYNCHRONOUS ORBITS. CSM AND 
LEM FLIGHTS. MULTIPLE MISSIONS. RENDEZVOUS, 
DOCKING, ASSEMBLY AND TRANSFER 


SPACECRAFT AVAILABILITY. COMMAND AND 


CONTROL 


ADDITIONAL GROUND EQUIPMENT REQUIRED. 
SLIGHT MODIFICATION TO FLIGHT SUBSYSTEMS. 
DEVELOPMENT FUNDING REQUIRED 


FIVE FLIGHTS SCHEDULED. ONE EXPERIMENT WILL 
EMPHASIZE MAN’‘S' PARTICIPATION IN PLANE 
CHANGING AND MANEUVERING TO SIMULATE 
SIMPLE RENDEZVOUS AND MANEUVERING OF 


ASTRONAUT OUTSIDE THE VEHICLE. ONE AIMED 
AT EXTERNAL METHODS OF MAINTENANCE AND 
REPAIR. ANOTHER WILL FOLLOW-ON WITH EX- 
TRAVEHICULAR MOBILITY METHODS, FASTENING 
AND ASSEMBLY TASKS. TWO FLIGHTS WILL REN- 
DEZVOUS AND DEMONSTRATE CARGO TRANS- 
FERAL, INCLUDING FLUID HANDLING. ACTIVITY 
FOR RESCUE RETRIEVAL AND REPAIR WILL BE 
CONDUCTED. 


OBJECTIVE: 


MISSION 
CHARACTERISTICS: 


EXPERIMENTS: 


LIMITING FACTORS: 


PROSPECTS FOR 
SOLUTION: 


FLIGHT PROGRAM: 


ASTRONOMY 


ASTRONOMICAL OBSERVATION OF PLANETS, SUN, 
STARS AND NEBULAE WITHOUT ATMOSPHERIC 
ABSORPTION OR DISTORTION 


EXTENDED MiSSION DURATION 
NATION EARTH ORBIT 


IN LOW INCLI- 


PROGRAM EVOLUTION FROM INITIAL CHECKOUT 
TASKS TO SOPHISTICATED CORRELATED OBSER- 
VATIONS USING: 


40-INCH WIDE-BAND OPTICAL TELESCOPE WITH 
SPECTROPHOTOMETRIC AND IMAGING MODE 


SMALL-DIAMETER SOLAR CORONOGRAPH 
SOLAR CORONA AND FLARE STUDIES 


20-FT.-DIAMETER RADIO TELESCOPE ERECTED IN 
SPACE 


FOR 


SPECIFIC HARDWARE STUDIED BUT NOT YET DE- 
VELOPED 


PRESENT EQUIPMENT CAN BE USED, DESIRED IN- 
STRUMENTS CAN BE DEVELOPED IN 3 YEARS. NO 
BREAKTHROUGH REQUIRED. DEVELOPMENT FUND- 
ING REQUIRED 


TWO FLIGHTS IN EARTH ORBIT WITH TOTAL STAY- 
TIME UP TO 150 DAYS. SECOND FLIGHT TO REN- 
DEZVOUS 60 DAYS AFTER FIRST FLIGHT TO EXTEND 
MISSION TIME. RADIO TELESCOPE 30 FT. IN DIAM- 


ETER TO BE ERECTED AND CHECKED OUT IN OR- 
BIT. 


RESEARCH & TECHNOLOGY 


OBJECTIVE: 


MISSION 
CHARACTERISTICS: 


EXPERIMENTS: 


LIMITING FACTORS: 


PROSPECTS FOR 
SOLUTION: 


FLIGHT PROGRAM: 


EXTEND SCIENTIFIC KNOWLEDGE. DEVELOP TECH- 
NOLOGY FOR FUTURE SPACE ACTIVITIES 


ZERO-G AND SPACE ENVIRONMENT. LOW 
CLINATION AND ALTITUDE ORBITS 


IN- 


BIOSCIENCE, PHYSICS, CHEMISTRY AND MA- 
TERIALS RESEARCH. EXAMPLES: TISSUE REGENER- 
ATION/HEALING, BACTERIOLOGY, GERMINATION, 
GAS ABSORPTION BY LIQUIDS, COMBUSTION OF 
MATERIALS, SURFACE TENSION, SURFACE CHEM- 
ISTRY, HEAT TRANSFER, FRACTURE MECHANICS 
SPACE EXPOSURE EVALUATION FOR A WIDE 
VARIETY OF MATERIALS, METEOROID  EXPERI- 
MENTS, MECHANICAL SUBSYSTEMS, PASSIVE 
ERECTION OF LENTICULAR MODELS, DEVELOP- 
MENT OF STABILIZATION AND CONTROL SYS- 
TEM AND RADIOISOTOPE POWER SYSTEMS, AND 
QUALIFICATION OF THE ABOVE SYSTEMS 


FLIGHT HARDWARE MUST BE DEVELOPED 


TECHNICAL FEASIBILITY ESTABLISHED FOR MOST 
EXPERIMENTS. FURTHER STUDY AND DEVELOP- 
MENT REQUIRED. DEVELOPMENT FUNDING RE- 
QUIRED. 


DEVELOPMENT WILL BE ACCOMPLISHED OVER THE 
ENTIRE FLIGHT PROGRAM WITH PARTICULAR EM- 
PHASIS ON FIVE FLIGHTS. EXPERIMENTS WILL BE 
CONCERNED WITH SPACE EXPOSURE EVALUA- 
TION FOR A VARIETY OF MATERIALS, METEOROID 
EXPERIMENTS, MECHANICAL SUBSYSTEMS AND 
PASSIVE ERECTION OF LENTICULAR MODELS, DE- 
VELOPMENT OF ENVIRONMENTAL CONTROL SYS- 
TEM, STABILIZATION AND CONTROL SYSTEM AND 
RADIOISOTOPE POWER SYSTEMS; CHECKOUT OF 
GRAVITY-GRADIENT STABILIZATION AND _ DE- 
VELOPMENT OF A _  MULTIPLE-BEAM PHASED- 
ARRAY ANTENNA. 


Sn ES EEE 
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HONEYWELL 
INSTRUMENTATION 


Two New Instruments Expand 


Line of Strip 


PHILADELPHIA — Introduction of 
the ElectroniK 16 wide-chart recording 
potentiometer and the Electronik 19 
portable laboratory recorder greatly in- 
creases the performance capability of 
Honeywell strip chart recorders for test 
facility and laboratory use. 

The Electronik 16 recorder is ex- 
tremely convenient to install, maintain 
and use. It mounts directly into a 19- 
inch relay rack without adapters or filler 
panels and has a new, high-performance, 
transistor servo-measuring unit. Chart- 
changing has been greatly simplified and 
an optional chart transport, which can 


Chart Recorders 


be preloaded, permits charts to be 
changed in approximately 10 seconds. 
The ElectroniK 16 is available in single, 
two-pen or multipoint models. 
Mechanical layout of the recorder is 
such that most available options and ac- 
cessories have their own unique loca- 
tions on the chassis. Many options can 
be added later in the field—no need to 
return the instrument to the factory. 
The Electronik 19 portable lab re- 
corder, a highly versatile instrument, is 
capable of measuring voltages from 100 
microvolts full scale to 100 volts de 
full scale without auxiliary equipment. 


Among other features, it has a tilting 
chart platen and thumb-wheel selection 
of 10 chart speeds. 

The well-known ElectroniK 17 re- 
corder is ideal where mounting space 
must be conserved and accurate, low 
frequency dynamic measurements are 
required. The instrument features the 
infinite resolution Stranducer rebalanc- 
ing element and solid-state circuitry. 
One or two independent full-width re- 
cording channels can be provided on a 
six-inch strip chart. Two chassis, each 
with one or two recording channels, al- 
low recording of up to four independent 
channels in only 14 inches of vertical 
space in a standard 19-inch relay rack. 

The Electronik 18, a single -pen, 
small-case recorder, is suitable for 
many demanding assignments, where 
equipment cost must be minimized. 


ABRIDGED SPECIFICATIONS FOR STRIP CHART RECORDERS 


ElectroniK 16 


Single, Two-Pen and 
ultipoint Recorder) 


Calibrated +% of 1% of span 
Accuracy for mv ranges 
Dead Band 0.1% of span 


Chart Speeds From % inch/hr. 


to 4 inches/second 


ElectroniK 17 
(2, 3, or 4-Pen Recorder) 


+% of 1% of span 


0.15% of span 

¥Y% to 480 inches/hr. 
single speed; up to 3600 
inches/hr. with jump 


ElectroniK 18 
(Single-Pen only) 
+3/10 of 1% of span 


0.2% of span 


¥% to 120 Inches/hr. 


ElectronikK 19 
(Single and Two-Pen) 


+ of 1% of span or 
1 microvolt, whichever 
is greater 


0.15% of span 


10 indicated speeds from 
10 minutes/Inch to 
1 second/inch plus 


speed **stand-by"’ 
Chart 11-in. calibrated width, 6-in, calibrated width. 6-in. calibrated width, 6-in. calibrated width. 
122 ft. long 126 ft. long 126 ft. long 126 ft. long 
Span Step 1 second full scale 1 second full scale 1 second full scale Less than 0.5 second 
Response Time full scale 
Calibration D-C voltages and currents, | D-C voltages and currents, | Thermocouple, radiation D-C voltages 
thermocouple, radiation thermocouple, radiation Pyrometer, millivolts, 
poeta resistance poeometer: resistance milliamperes 
fs ermometer, tachometer | thermometer, tachometer 
Ranges Minimum 1 millivolt Minimum 1 millivolt Minimum 1 milllvolt 


full scale 


Maximum 300 volts 


full scale 


Approximate 
eight 

Price Range (no 

options included) 


Circle reader 
service card # i 


20 


Single chassis 46 Ib. 
= Dual chassls 116 Ib. 
$1000—1975 $755—2680 


full scale 
Maximum 300 volts 
full scale 


full scale 
Maximum 100 millivolts 
full scale 


Less than 20 Ib. 
$1100 net 
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HONEYWELL, Philadelphia Div., Philadelphia, Pa. 19144 + Denver Div., Denver, Col. 80217 


: 
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INES 


MILITARY 


EDITION 


DENVER—Honeywell’s line of di- 
Tect-recording Visicorder oscillographs 
now includes models to fit almost every 
conceivable data recording need in the 
aeTospace and scientific areas. 

The 36-channel Model 1612 instru- 
ment, for instance, is available in a con- 
figuration that meets rigid military spec- 
ifications for radio frequency (RFI) 
suppression. Another optional feature of 
the Model 1612 permits use of the new 
Eastman Ektaline and Du Pont fast-proc- 
essing develop-out papers, as well as con- 
ventional photographic recording papers. 

The Model 1508, like the Model 


Four Visicorder Oscillographs Offer 
Flexibility in Dynamic Data Recording 


data systems. It records up to 24 chan- 
nels of data simultaneously, yet occupies 
only seven inches of rack height. 

The Model 1108, the most complete 
24-channel oscillograph on the market, 
and the small, inexpensive Model 906, 
a 14-channel instrument, are designed 
primarily for bench use. 

All four instruments are based on the 
Honeywell-developed principle of using 
ultraviolet light to record data on light- 
sensitive paper, thus providing instantly 
Teadable, permanent oscillographic rec- 
ords without chemical processing. 

The accompanying chart shows the 


1612, is designed for rack-mounting in | outstanding features of each instrument. 


Number 3-MI 


8 Graphic Recorders 


Fill Test Data Needs 


PHILADELPHIA—Eight graphic re- 
corders now available from Honeywell’s 
Philadelphia and Denver Divisions will 
satisfy most requirements for the re- 
cording of missile data falling in the 
DC-6000 cps range. The group includes 
four Visicorder oscillographs and four 
strip Chart potentiometric recorders. 

The wide choice of instruments avail- 
able, along with the variety of options 
offered, enables users to select recording 
systems or individual units that will 
efficiently meet requirements. The in- 
struments can be specified for rack or 
panel mounting, with laboratory feet, or 
for mounting in mobile consoles. 


ABRIDGED SPECIFICATIONS FOR VISICORDER OSCILLOGRAPHS 


Beare SS 


i G2 08 iss 906 
No. of Channels CE a) ay en 
Paper Width nn a aa a 
Paper Speeds 4—.4 to 50 ips 
Frequency Response DC-6000 cps 
Writing Speed 50,000 ips + 
Record Reverse ge” nS Ee es 
Heated Platen meptionaiemmin TE Nomeee [ee Optional eNO 
Latensifier Optional 
Paper Takeup | Builtin CT Builtin, Optional Optional 
RFI Qualified Sveszopiionsia ee NG em EN ee NG 
Develop-Out Capabili No 
Gridlines P Builtin OT Buiitin OT Biltsin) Optional 
Time Lines | Optional | Builtin Optional Optional 
Trace Identification PBuiltin | Builtin Built-in Optional | Optional 
Trace Numbering optional | Nom a Optional wa No 
Galvo Intensity Control Manual—Built-in Optional 
Remote Operation Yes Yes 
Auto. Record Length Contro! | Builtin | Builtin NO TN 
Paper Supply Indicator oulti a|M Gultin ft Built-in ey aBuiltin 
Price Range $1855-2700 
service card # 


HONEYWELL INTERNATIONAL Sales and service offices in principal cities of the world. 
Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 


(All prices and specifications subject to change without notice.) 


Honeywell 


Douglas Due 


THE DOUGLAS AIRCRAFT CO. 
will receive a new NASA contract in 
about two weeks to continue its study 
of the Manned Orbiting Research La- 
boratory (MORL), which would cost 
close to $2.5 billion to achieve a one- 
year operational capability. 

A. five-year operational program 
would have a price tag of just over $4 
billion. 

The space station itself would cost 
about $800 million in the one-year pro- 
gram. Other costs, based on NASA 
studies, would be 33% for the logistic 
systems, 14% for program manage- 
ment, 11% for the flight crew, 4% for 
mission operations and 3% for facili- 
ties. 

For a five-year system, the cost of 
the logistic carrier and mission opera- 
tions increases sharply while others 
drop off, including the lab, which slips 
to only 21% of the total. 

@ Design concept—MORL, under 
the Douglas concept, would support 
six men for 90 days or nine men for 
60 days. Missions from two to 10 years 
would be carried out by using an Apollo 
spacecraft logistics carrier for periodic 
90-day re-supply. 

The lab would be 42 ft. long and 
almost 22 ft. in diameter; total volume 
would be 4,500 cu. ft. It would have 
five separate compartments. The hangar 
/test area would have a volume of 2,117 
cu. ft. and be 192 in. long. The dimen- 
sions of the others include: operational/ 
experiment area, 2,396 cu. ft. and 80 
in.; centifuge, 1,198 cu. ft. and 40 in.; 
crew quarters, 2,088 cu. ft. and 111 in.; 
interstage, 81 in. long. 

Other program details which have 
been studied, but remain to be definit- 
ized, are an altitude of 200 mi. for 
Earth-orbit missions, a centrifuge with a 
one- or two-man capacity and a capabil- 
ity of going to 9 g’s, an environmental 
control system of 7 psi and a two-gas 
oxygen/nitrogen system. 

The station propulsion system will 
probably be storable hypergolic radia- 
tion-cooled engines with a 50-lb.-thrust 
reaction-control system and a 150-lb.- 
thrust system for orbit station keeping. 
The power supply will be provided by 
solar cells and batteries. 

@ Changes in thinking—While Head- 
quarters manned space flight officials 
are satisfied with \fORL’s outside con- 
figuration, they feel that some changes 
in its internal compartmentalization 
may be necessary. 


to Get New MORL Award 


The change grew out of a switch 


in the initial concept, which originated. - 


two years ago when interest in the 
station stemmed primarily from _ its 
potential as a testbed for studying the 
effects of long periods of weightlessness 
on man. Now NASA wants to assess 
the effect of application-oriented experi- 
ments on the internal design. 

In addition to this, Douglas, under 
its new award, will also study the ef- 
fects of adding radar and camera equip- 
ment as well as the requirements of 
the polar, synchronous and deeply el- 
liptical orbit and the logistic considera- 
tions for such orbits. 

Two means of access are provided 
in the MORL_ configuration—one 
through the hangar/test area and one 
through the aft airlock. The MORL 
facility is managed from the control, 
operations and experimental deck. The 
major portion of the experimental pro- 
gram is conducted and controlled from 
this area. The quarters deck for the 
flight crew is specifically for off-duty 
requirements. Between the quarters and 
operations decks is the centrifuge. 

@ Interior configuration—The hang- 
ar/test area is separated from the for- 
ward pressure compartment by an in- 
verse-pressure bulkhead. The area will 
act as a transfer airlock for personnel 
moving from the logistics spacecraft 
into the laboratory. The area also pro- 
vides interim storage for cargo before 
final storage or external deployment, 
and emergency quarters for the crew 
in case of problems in the main pres- 
sure shell. The area is so designed that 
the crew could live there and control 
the laboratory for extended periods 
while repairing the lab compartment. 

The control deck is divided into 
four areas by consoles and partitions. 
One console is associated with opera- 
tions, command and control of the 
station, one with experimental control, 
two with experimental procedures. Some 
of the liquid and liquid-related studies 
will be conducted in a separate filtered 
compartment to avoid contamination of 
the laboratory. 

The flight crew quarters provides six 
personnel compartments for sleeping 
and personal storage. A crew of more 
than six will share compartments, using 
a bedroll arrangement. 

@ Facilities—Maximum use will be 
made of existing facilities, but there are 
some requirements for new construc- 
tion and development. 


At NASA’s Merritt Island launch 
complex, the Apollo spacecraft opera- 
tions and checkout building now under 
development, the environmental test 
complex and the attitude-control cham- 
ber can be used if MORL or a similar 
station is approved. 

New facilities there would include 
the development of Pad 37A for the 
back-up Apollo spacecraft logistics car- 
rier. This will also mean that complex 
will have to have independent checkout 
structures for each of its two pads. An- 
other new building project would be 
an operations and checkout building for 
MORL and the cargo module of its lo- 
gistics carrier. 

At the Manned Spacecraft Center, 
the current Missions Control Center as 
well as the checkout and simulation fa- 
cilities could be used. New training fa- 
cilities for the flight crew will be needed. 
Other new buildings required include an 
operations and control center to handle 
the routine functions of the space sta- 
tion as well as a facility for the experi- 
mental program. 

@ Alternate missions—In addition 
to its routine Earth-orbit missions, some 
of the alternate missions considered in- 
clude high-inclination, synchronous and 
lunar orbit. The Saturn IB would be 
used for Earth-orbit flights and the 
three-stage Saturn V would be used for 
high-inclination lunar orbit and syn- 
chronous missions. 

For the high-inclination polar mis- 
sion, no subsystems will be changed, 
but the amount of radiation protection 
will have to be increased in ratio to the 
degree of inclination with a probable 
maximum of 13,500 Ibs. at 90°. 

For the synchronous mission, opera- 
tions in the Van Allen radiation belt 
will force the use of additional amounts 
of shielding, and a biowell will be 
needed for protection against possible 
solar flares. Because of the long distance 
from Earth, the communications system 
will have to be switched to the Apollo 
unified S-band system. The payload for 
experiments for such a flight may be as 
great as 5,400 lbs. 

The lunar orbit mission also means 
that a biowell weighing perhaps 4,000 
Ibs. will be needed. The environmental 
control system will require the addition 
of a small amount of thermal storage 
because of the change in light-to-dark 
ratios. Again, the unified S-band will 
be needed. Experimental payload will 
be about 3,500 Ibs. | | 
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EXPERIENCE MAKES THE DIFFERENCE IN HOT GAS CONTROL 


Getting spirited circus tunes from a calliope and de- 
signing hot gas controls for aerospace application both 
demand specialized experience you don’t find every- 
where. After all—controlling hot gases is just another 
facet of fluid power—the basic business of Vickers for 
over 40 years. Today's capability goes substantially 
beyond basic on-off controls and includes actuation, 
porting and controlling volume of flow. 

System designers will find that Vickers engineers 
can demonstrate sound component design based on 
successful development of hot gas controls already 
proved on Navy, Air Force and NASA applications. 
This experjenceis backed by the necessary test facilities 
for valve development and acceptance. Also, extensive 
solid and liquid propellants background provides the 
combination so essential for a successful system 
development program. 


DIVISION OF SPERRY RANO CORPORATION 


“In-house” capability includes broad experience in: 
materials technology, fluid and gas dynamics, and 
system requirements. In addition, Vickers offers un- 
matched ability in building high response, high accuracy 
solenoids and compact, high output torque motors. 
Design simplicity resulting in controls with minimum 
parts provides added assurance of reliability. 


HOT GAS DATA is avail- 
able in application folder 
A-6. For your copy write 
to Vickers Incorporated, 
P. O. Box 302, Troy, Mich. 
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NASA: Extended Lunar Exploration 


Equipment for Intensive Moon Studies 


Will Be Developed Within 15 Months 


Plans also include program definition of modified LEM during 
FY ‘66, further investigation of LEM truck and Mobile Laboratory 


SPACE AGENCY officials expect 
to be ready within 12 to 15 months to 
begin hardware development of a logis- 
tics system for extended exploration of 
the Moon. 

It will be based in part on a report 
of a group of eminent geologists and 
geophysicists who had been asked by 
NASA to recommend a plan on how the 
Moon should be explored. The report 
is due at NASA’s Office of Manned 
Space Flight in about three months. 

At the same time, the agency is 
moving ahead with plans to go into 
the program-definition phase in FY ’66 
of a modified Lunar Excursion Module, 
which would provide up to 14 days of 
stay-time on the Moon. 

The space agency will also continue 
studies of such logistics systems as the 
LEM truck spacecraft and its MOLAB 
(Mobile Laboratory) payload and other 
logistics systems. 

E. Z. Gray, director of Advanced 
Mission Studies in the Office of Manned 
Space Flight, told MIssILEs AND ROcK- 
ETS that at the end of the 15-month pe- 
riod the agency will go to hardware de- 
velopment and funding for a system 
designed to extend lunar exploration 
capability. He also said there may be 
some funding of long leadtime systems, 
such as power, in FY °66. 

The LEM truck spacecraft and its 
MOLAB payload will not receive any 
appreciable NASA funding until Fiscal 
1967 at the earliest. In addition, MO- 
LAB is now getting some competition 
from the Manned Spacecraft Center’s 
proposal for a mobility capability in- 
volving putting wheels on the LEM’s 
ascent propulsion stage and using it to 
get surface mobility. At the same time, 
Grumman Aircraft Engineering Corp. 
has proposed putting wheels on the LEM 
itself to gain mobility after the lunar 
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NASA ARTIST'S DRAWING of modified Lunar Excursion Module. 


touchdown. A lunar jeep that would take 
astronauts on exploring missions is also 
being studied. 

@ $3-billion pricetag for 90 days— 
The eventual objective of these projects 
—setting up a base with a minimum 90- 
day capability—would cost $3 billion, 
according to conservative estimates by 
NASA officials. At this point, the agency 
is not sure it wants to set up a base 
and will not know definitely until after 
the first lunar landing. As a result, there 
is a definite slowdown in the rush to de- 
velop cargo carriers for operations on 
the Moon. 

Total cost of redesigning the LEM 
into a supply vehicle for lunar missions 
is expected to be less than $100 million. 
This does not include other cost factors 
in the program, such as basic cost of a 
LEM, management support, facilities 
and launch vehicles. 

The first step—which will be taken 
in the next Fiscal Year—will be re- 
moval of the propulsion system from the 
ascent stage of the LEM. This will pro- 
vide 1,300 cu. ft. of additional space 


THERMAL RADIATOR 


ASCENT PROPULSION 
REPLACED BY 
2 | SCIENTIFIC PAYLOAD 


232" 


and about 6,000 Ibs. in weight saving. 
The move will be taken as part of the 
program definition of Apollo extension 
systems. 

About half, or 3,000 Ibs.. will be 
used to provide a shelter for two astro- 
nauts; the other half will be used to 
provide power and life support equip- 
ment for the additional stay-time. Con- 
sideration is also being given to sending 
along a small 300 to 400-Ib. unmanned 
roving vehicle similar to the one which 
will be flown during the Surveyor space- 
craft flights to the Moon. It would have 
a range of about 25 km. 

It is doubtful at this point that 
there will be any real hardware fund- 
ing in the next Fiscal Year, but the 
project will almost certainly go ahead 
in FY °67. 

e@ Auto pilot needed?—The proba- 
ble next step in the lunar exploration 
program—the LEM truck spacecraft— 
has run into a technical problem that 
still has not been outlined or solved. 
During manned LEM flights, the astro- 
nauts will control the final phases of the 
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STAYS YOUNG AND ACTIVE 


No wonder! This tape has 15 times the wear life! 


And that’s conservative. SCOTCH’ BRAND Heavy Duty 
Instrumentation Tapes consistently outwear ordinary 
tapes by at least 15 times—generally more! 

A special oxide-binder formulation sees to that. It 
affords an oxide coating that takes high speeds and ten- 
sions in stride. Resists oxide rub-off to protect against 
dropouts. Withstands surface temps 
from —40 to as high as 250° F to 
tame high heat build-up at recorder 
heads. 

These heavy-duty tapes also drain 
off static before it can attract dust. 
cause other trouble. Reason—the 


Scotch 


magneuic tape 
SSS ASC BROS: pF: 


coating is 1000 times more conductive than that of ordi- 
nary tapes. And exclusive lifetime Silicone lubrication in 
the coating protects against head and tape wear. 16 heavy- 
duty constructions meet all requirements, even for ex- 
tremely high speeds or short wavelength recording. 

TECHNICAL TALK Bulletin No. 1 provides helpful 
data on handling and storing tapes for long life. Free. 
Write 3M Magnetic Products Division, Dept. MBW-1 14, 
St. Paul 19, Minn. 


Magnetic Products Division aivi 


CM* AND TWE PLAID DESIGN APE REG. TMS OF 32M CC. 


INDUSTRIAL INSTRUMENTATION 
INSTALLATION AND PIPING 


CONTROL CENTER DESIGN, 
CONSTRUCTION, AND INSTALLATION 


CONTRACT MAINTENANCE 


SYSTEMS AUTOMATION FOR: 
Air Conditioning 


Heating, Ventilating 
Motors, Fans, Pumps 
Boilers, Refrigeration Machines 
Programming 

Building Security 
Equipment Surveillance 


Smoke and Fire Detection 


Data Logging 
Intercommunications 
Process Monitoring 


THIS IS OUR LINE! 


Johnson offers you outstanding capabilities in the 
design and installation of automatic control systems 


Over 100 fully staffed Johnson branch offices are 
available to meet the specialized needs of the aero- 
space and defense industries. Johnson’s record speaks 


for itself. 


When completed, all Minuteman launch sites will 


be equipped with Johnson products, including 
complete environmental control systems for 
500 sites. Johnson Systems are installed in 
all Titan II and a majority of Titan I bases. 
Other ICBM program assignments include 
antenna silo modifications for Atlas “F”, 
propellant loading systems check-out, and 
installation and testing of instrumentation 
and piping. 

Johnson teams work continuously at 


Vandenberg AFB and Cape Kennedy, where current 
projects include the 52-story Saturn vertical assembly 
building. At George C. Marshall Space Flight Center, 


over 100 contracts have been completed. 


JOHNSON 
CONTROL 


AUTOMATIC CONTROL SYSTEMS 


Industry, too, relies on Johnson environmental 


control systems and other applications for 
R&D and engineering facilities, laboratories, 
“white” rooms and other production areas, 
computer centers, and offices. 

Whether your plans involve special pur- 
pose structures or conventional buildings, 
you can count on Johnson experience and 
capabilities every time. Put Johnson on 
your construction team! Johnson Service 
Company, Milwaukee, Wisconsin 53201. 
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Preliminary LEM Truck Design Data 


Item Truck Weight Remarks 
STRUCTURE (1,152.6) The RCS thrusters must be relocated within the shroud 
Descent Stoge Structure ond below the adapter pick-up fittings to insure no 

Skin 142.8 interference with payload removal. 
Beoms ond Bulkheods 300.1 The interstage attachment may require modification to 
MM Shielding =— occommodote the installation of the turntable ot LEM 
Thermal Protection 214.3 Station 198. 
Supports (Incl. Egress Platform) 195.2 Electronic equipment and fuel tanks can be arranged 
L. G. Support Truss 81.2 in the four diagonal compartments for balance of the 
Seporotion System 29.0 vehicle. Adequate doors can be provided for servicing 
SIV B Attachment Peénolty 24.0 nd installation. Small structural changes will be required 
Lodder 26.0 for mounting antennas ond the RCS engines. 
Equipment Supports and Access Penolties 50.0 

STABILIZATION AND CONTROL (108.1) Programming for abort is not required for LEM truck 


operation. All other components identical to LEM but 
integrated into descent stage. Command control section 
included for unmanned remote control. 


NAVIGATION AND GUIDANCE (276.8) The LEM novigation and guidance system can be used 

GFE for the LEM truck. All components with the exception of 

Inertiol Meosurement Unit 42.0 the automatic opticol telescope (AOT) will be required. 

Automatic Optical Telescope (Stor Tracker) 24.5 The AOT can be replaced by an automated star acqui- 

LEM Guidance Computer 46.3 sition and tracking system to align the IMU platform 

Power Servo Ass'y 50.1 This system is completely automatic to touchdown; the 

Cabling 10.0 bosic automatic program can be stored in the LEM 

Rendezvous Rodor 75.9 guidance computer (LGC). Required star tracking system 
Londing Radar 28.0 accuracy is approximately one-half millirodian. 


Obstacle ovoidonce TV = 

Manual control is possible during the final descent and 
hover on the LEM mission to permit final landing site 
selection. Similor site selection capability can be pro- 
vided on the LEM truck through a television system 
relaying video to the CSM on the VHF communication 
link. Commanding of the LEM truck computer can be 
provided from a parallel! display keyboard (DSKY) in 
the CSM, similar to the keyboard planned for LEM. 


ENVIRONMENTAL CONTROL (128.0) Only thermal control required. Thermal control system 
Heot Transpart Section (Coolant Pump) 50.0 basically the same as LEM except for relocation of sub- 
Woter Monogement Section 58.0 systems in descent stage. During the translunar standby 
Plumbing 20.0 period, the electrical power requirements can be mini- 


mized by special treatment of the IMU. The [MU would 
be thermally insulated and heated during translunar 
standby. For the check-out and operating periods, a 
separate closed-loop cold plate/water boiler would be 


provided. 

LANDING GEAR (402.0) No change from LEM. 
INSTRUMENTATION (156.5) One half the number of signal conditioners and sensors 
Operational are required for the LEM truck configuration due to the 
Signol Conditioner 23.0 removal of the ascent structure and engine, life-support 
PCMTE 31.5 ECS, and scientific equipment. There is also no require- 
Inflight Status System ment for on-board displays, storage recorder, and 
On-Boord checkout equipment 25.0 emergency detection and warning assemblies. On-board 
Sensors 76.0 checkout can be programmed for automatic operation. 


Status data can be transmitted to the CSM for display 
and/or transmission to Earth via the CSM S-band com- 
munications system. During CSM/ GOSS blackout. the 
status data could be recorded on board the CSM for 
delayed transmission to Earth. 


ELECTRICAL POWER SUPPLY (643.6) Power is required for LEM truck mission for checkout 
Power Conversion Sectian (Inverter) 25.0 (1.0 hour), descent (1.5 hour), and stondby (72 hours). 
Distributian Sectian 80.0 Standby power is required to provide thermal control 
Electrical Provisions 338.6 of the IMU, and for VHF command receiver operation. 
Batteries 200.0 Total power required is estimated to be 6,113 watt 


hours. Batteries have been selected due to the short 
duration and low power requirement. Estimated weight 
includes a 50% redundancy. 


PROPULSION SYSTEM (16,364.5) Descent propulsion weight is reduced by the amount of 
fuel saved in landing less inert weight (500 Ib— 


2 crewmen). 


REACTION CONTROL SYSTEM (551.4) The LEM components can be used on the LEM truck. 
Cammunicotians (46.1) Communications will be required during the translunar 
VHF LEM/CM 35.6 checkout (approximately one-half hour) and from lunar 
Televisian 10.5 orbit checkout to final touchdown (approximately two 


hours). The VHF communications link between the CSM 
and LEM truck will provide the necessary information 
channel. Status data and video information can be 
transmitted on the up-link to the CSM and commands 
Teceived on the down-link. This is a major modification 
in LEM communications and would require new equip- 
ment in both the LEM truck and the CSM. 
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LEM touchdown. Since the LEM truck 
will be an unmanned vehicle, a ques- 
tion has been raised as to whether it 
should be equipped with an automatic 

istacle avoidance system designed to 
control the last 20 or 30 ft. to prevent 
a crackup. 

Such a system would be very com- 
plex and expensive. The Massachusetts 
Institute of Technology was recently 
awarded a contract to study the whole 
problem, to determine if such a system 
is needed and, if so, what technica] 
approach should be used. Dr. Wilbur 
Defrees, director of Marshall Space 
Flight Center’s Extended Lunar Explo- 
ration Studies, does not believe it will be 
worth the trouble to build it, but if a 
decision is made to proceed with it, the 
system could delay development of the 
LEM truck. 

The LEM truck requires removal of 
the whole ascent vehicle from the mod- 
ule. The guidance and control and 
power systems would have to be re- 
packaged into the LEM truck. The atti- 
tude-control nozzle would also have to 
be moved from the ascent stage to the 
landing stage. 

The truck would be used for lunar 
exploration missions ranging from 3-5 
days up to two weeks. The landing site 
would be within 10 degrees of the 
Moon’s equator. Its primary scientific 
missions would be surface and subsur- 
face geology, drilling, seismic survey, 
photography, astronomy, environmental 
data and surface mobility. 

It is difficult to assess the prospects 
of success for LEM’s two new competi- 
tors, MOCAN and MOLEM. The 
agency is just getting ready to consider 
each of them in detail, and some funding 
of study contracts can be expected in 
the latter part of the current Fiscal Year 
and early next year. MOCAN involves 
a new laboratory module with wheels, 
which would replace the LEM ascent 
stage. MOLEM—with wheels on the 
LEM truck itself—is not given much 
support by the space agency at this 
point. 

@ Partial to MOLAB—NASA offi- 
cials still lean strongly to the Mobile 
Laboratory concept as the best payload 
for the LEM truck. It is doubtful, how- 
ever, whether it will receive any funding 
until late 1967 or 1968. Defrees esti- 
mates its development schedule will 
take 40 to 50 months. This means that 
it will not fly until 1972 at the earliest. 
While it is still too early to make a defi- 
nite statement, NASA Headquarters es- 
timates the total cost of its develop- 
ment at $300 million. 

MOLAB would weigh some 6,000 
Ibs. plus. In addition, the LEM truck 
will carry 750 to !,000 Ibs. of scientific 
equipment to the Moon. 

Two firms, Boeing Co. and Bendix 
Corp., have been awarded study con- 
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tracts on MOLAB, which are to be com- 
pleted next February. Each of them so 
far has decided that a horizontal cy]- 
inder is the best approach to the cabin 
configuration. The vehicle has six wheels 
and an articulated frame with each 
whee]. The wheels would be driven by 
an electric motor. The vehicle would 
provide a mobility range of 250 mi. and 
enough supplies for a two-week stay. 

Some of the technical problems in- 
volved include cryogenic storage, a need 
for fuel cells with instant start, require- 
ment for a closed system permitting re- 
use of water, and the dynamics of such 
a vehicle on the Moon. 

@ No early decision—NASA offi- 
cials now believe there will be no deci- 
sion on the establishment of a lunar 
base until late in this decade. Program 
definition might come as early as 1968, 
with system development beginning in 
1969 or 1970. The prime logistic ve- 
hicle for such a system is the Marshall 
Space Flight Center’s multi-purpose Mis- 
sion Module. Launched by a Saturn V 
on a direct flight to the Moon, it would 
use three new propulsion stages, all 
powered by the RL-10 liquid hydrogen 
engine. 

Its payload would include the three- 
ton MOLAB, another large shelter 
weighing three to four tons and another 
five tons of supplies. Its stay-time ca- 
pability would be three to six months. 

In developing the propulsion stages, 
the propellant tanks of the RL-10 would 
be cut or lengthened to provide a thrust 
from 15,000 to 40,000 lbs. for the stages. 

In a NASA-funded study of the 
Lunar Exploration Systems for Apollo, 
the Boeing Co. recommended that the 
multi-purpose mission module could 
serve as a lunar logistic vehicle, ad- 
vanced Apollo service module, and ad- 
vanced LEM descent stage. The firm 
said that detailed studies of large-capac- 
ity Apollo- and LEM-type spacecraft, 
consistent with advanced Saturn per- 
formance in direct flight, Earth-orbit 
refueling and Junar-orbit rendezvous 
modes, should be pursued. 

@ Surface emplacement preferred— 
It said surface emplacement of a base 
is feasible and is preferable to subsur- 
face emplacement. “Surface emplace- 
ment does not require unloading the 
basic shelter from the lunar logistic ve- 
hicle. Personnel shelters and other vul- 
nerable elements should be designed to 
accommodate lunar soil coverage. The 
concept of an expandable caisson, built 
as part of the structure of the shelter to 
hold the soil cover, should be devel- 
oped.” 

Other design details included: 

—Shelter—Design of a basic, six- 
man lunar shelter with integrated mete- 
oroid and radiation shielding adequate 
for one-year storage and subsequent 
three-month occupancy is feasible with- 


in the Saturn V/LLV payload limits. 
For longer operations, these shelters 
should be covered with lunar soil for 
added protection against the environ- 
ment. A two-foot-thick layer of soil cov- 
ering the shelter will provide the neces- 
sary shielding for up to two years of 
operations, assuming personnel are ro- 
tated at six-month intervals. Incorporat- 


‘ ing an expandable caisson in the shelter 


design to retain the soil cover is fea- 
sible. 

—Life support—Life-support  re- 
quirements can be met with the same 
techniques contemplated for advanced 
Earth-orbital systems, except for thermal 
control. New techniques will be required 
for thermal control. During the lunar 
day, reflective-radiation concepts may 
be used for heat rejection. Internally 
generated heat will be required to assist 
in temperature contro] during storage, 
possible from an easily shielded radio- 
isotope heat source. 

—Power—The study confirms that 
nuclear reactor power is the superior 
generation concept for all but the 
smallest bases. “The SNAP-8, 100-kilo- 
watt, two-alternator system appears to 
be a very practical, reliable power mod- 
ule for application to large central nu- 
clear powerplants on advanced bases.” It 
recommended that further studies be 
made to verify a practical module size 
and that development effort be initiated 
on long leadtime items for such a system. 

The small integral shelter power sys- 
tem could be developed for the 90-day 
base application. The Boeing engineers 
said the fuel cell/solar cell system ap- 
pears to be the most practical concept, 
but that intensive studies should be made 
to evaluate and compare radioisotope 
concepts in the range from 1.5 to 3.0 
kilowatts. 

—Co:mmunications—“Lunar _ base 
communication requirements may be 
met with techniques that are well within 
the state of the art, except for point-to- 
point communications beyond the line 
of sight on the lunar surface. Existing 
and planned elements of the Apollo net- 
work can be used.” 

—Fuel—Cryogenics can be stored 
on the Moon for one year of unattended 
storage plus base operational periods. 
Regeneration of water into liquid hydro- 
gen and liquid oxygen is both feasible 
and desirable for the larger bases. 

—Maintenance—Maximum reliabil- 
ity plus a modest fault correction ca- 
pability of the crew, rather than maxi- 
mum maintainability, should become a 
major lunar-base design goal. The re- 
duction of maintenance requirements 
should be pursued through design to 
eliminate all possible servicing needs 
during the projected base life, rather 
than through automated servicing needs 
or self-repair which may degrade rather 
than improve reliability. | 
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Engine, propeller and airframe maintenance. . 
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NASA: Manned Mars Exploration 


ADVANCED manned Mars convoy in Earth orbit before departure for the red planet. 


Need for More Accurate Information 
Sets Planned Landing Back to 1985 


Wisely funded early studies now indicate no need to commit 
space agency to burdensome funding in immediate future 


THE TARGET DATE for a 
manned Mars landing has now slipped 
to 1985. 

As a result, NASA officials report 
that the only hard fact emerging from 
constant review of manned Mars mis- 
sions is that there is no need for a major 
decision now or in the immediate future. 

The space agency realized several 
years ago that minor funding into sys- 
tems studies covering manned Mars 
missions would pay off handsomely the 
day the U.S. decided to place Mars on 
the space agenda. 

Experience in the many and varied 
study exercises performed since that 
time have shown the approach to be 
valid. Heinz H. Koelle, director, Future 
Projects Office, Marshall Space Flight 
Center, says manned Mars mission 
knowledge has increased ten fold since 
1960—and also indicated a naive opti- 
mism was present initially. 
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Koelle says there is no pressure for 
an immediate decision committing 
NASA to a vast and expensive time- 
table resulting in an American on Mars. 
In fact, the space agency expert feels 
another five years spent in pursuing the 
current course of heavy paper analysis 
and some testing will lead to a good 
decision. 

Koelle says the mid-1980's look 
good for a manned Mars landing from 
all viewpoints. There is a possibility of 
manned fly-by and orbit missions in the 
late 1970's, but Koelle admits the land- 
ing projection to the 1985 period does 
look hazy at the moment. 

@ Optimistic realists—There was a 
time when almost anybody would hazard 
a guess as to the total cost of manned 
Mars landings. Right now the only com- 
ment offered is that the effort will be 
significantly higher than the dollar in- 
volvement in the Apollo program. 


There are concrete projections and 
cost analyses on record—derived from 
studies funded to industry and in-house 
work at the agency. But each is predi- 
cated on certain specific mission ele- 
ments that differ drastically. 

Those concerned with building a 
foundation of information designed to 
support and direct a decision to go to 
Mars are extremely reluctant to discuss 
details. This is one lesson learned 
through the experience of managing, co- 
ordinating and digesting the studies 
made over the past four years. 

For instance, it was once thought 
that all manned Mars missions were de- 
pendent on the cycling of the Mars/ 
Earth relationship in their respective 
swings around the Sun. Now the “bad” 
launch years have been significantly re- 
duced by using the gravitational field of 
Venus in the transfer trajectories. This 
change in planning alone is indicative 
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CURRENT THINKING includes the use of a Mars Excursion Module to land men on 
the planet. A possible organization scheme illustrated here covers the areas of advanced 
technology necessary for the successful development of the landing module. 


of the soundness of the study approach. 

At the moment, Koelle says he is not 
ready to eliminate anything in the cur- 
rent manned Mars picture. There is not 
enough information for such a decision. 
There are degrees of attractiveness 
throughout all the proposed mission ele- 
ments. There is no target year. There 
is no mission profile. There are a num- 
ber of proposed solutions. 

@ What is known—There are sev- 
eral positive aspects in the area. For in- 
stance, it is technically feasible to pre- 
dict fly-by, orbit and landing missions 
from an engineering standpoint. All will 
definitely start from Earth orbit. 

All will depend on advanced tech- 
nology, and this is one of the most diffi- 
cult elements of the study programs 
since it is almost impossible to extra- 
polate technology beyond about five 
years with any degree of certainty. 

All will depend on information 
gleaned from Gemini, Apollo and a host 
of unmanned space science probes. 

And finally, the current thinking is 


COMPLETED STUDIES 


Mars Excursion Module— 
Aeronutronic Div., Philco Corp., 
subsidiary of Ford Motor Co. 

Mars Mission Module—North 
American Aviation 

Mars Mission Re-Entry Mod- 
ule—Lockheed 

Early Manned Interplanetary 
Exploration—General Dynamics/ 
Astronautics 

Manned Mars Exploration— 
General Dynamics/ Astronautics & 
Douglas 

Early Manned Interplanetary 
Exploration—Lockheed 
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that a nuclear engine is practically a 
necessity. This stage should provide 
thrust levels of about 250,000-lbs. 
NASA future planners are convinced 
that nuclear engine work should be 
sensibly pushed to the flight-test stages. 

@ Earth entry—The Venus swing-by 
technique may alleviate re-entry in that 
the extremely high entry velocities char- 
acteristic of the unfavorable launch 
period may be reduced to velocities as- 
sociated with favorable windows. 

But even a favorable launch window 
means an Earth-entry velocity of up to 
42,000 fps. This poses problems in 
thermal protection quite beyond that be- 
ing developed for lunar and Earth-orbit 
return. 

Incorporation of retro-propulsion to 
reduce entry speeds carries an unaccept- 
able penalty in overall gross weight. 

@ Mars entry—Direct knowledge of 
the Martian atmospheric envelope, in- 
cluding physical and chemical proper- 
ties, would be invaluable to the design 
and cost of the Mars Excursion Module. 


STUDIES IN PROGRESS 


Manned Mars and Venus Mis- 
sions—General Dynamics/ Astro- 
nautics 

Mission Requirements for 
Manned Mars and Venus—Gen- 
eral Dynamics/ Fort Worth 

Advanced Study of Conjunc- 
tion Class Missions—Douglas 

Manned Mars and Venus Fly- 
by—North American Aviation 

Spacecraft Propulsion for 
Manned Mars and Venus Missions 
—Martin/ Baltimore 

Manned Mars Surface Opera- 
tions—Avco 


There is an associated need for data on 
the interplanetary environment to be 
traversed by any manned Mars mission. 

All of this can be obtained through 
unmanned scientific probes to the vicin- 
ity of the planet. NASA planners are 
hopeful currently planned vehicles will 
carry such instrumentation. 

The consensus is that such data is at 
least. as valuable as pure scientific in- 
formation with respect to adequate de- 
velopment of an overall space program. 

@ Equipment life—One of the most 
crucial interplanetary areas is the de- 
velopment and testing of electronic 
components, power sources and life-sup- 
port equipment designed to last a mini- 
mum of 900 days. It is not generally 
recognized that the determination of re- 
liability in this type of equipment will 
be a major expense. 

Ground environmental testing will 
have to simulate as closely as possible 
the mission environment and time pe- 
riod. In addition, the mission environ- 
ment is not defined to the extent that 
an economical components sub-program 
could be launched at this time. 

While the Apollo missions and sub- 
sequent exploitation of the lunar and 
Earth orbit areas will contribute con- 
siderable information to component de- 
velopment, the extended operational 
lifetime demanded of equipment for 
even the shortest possible manned Mars 
mission is beyond that required for such 
programs. 

@ Man himself—There is no knowl- 
edge of the effect of long missions in 
space on the performance of a human 
being. Keeping astronauts alive is a mis- 
sion complexity now. 

Long-term effects of weightlessness 
is one prime example of human factors 
data gaps. Current studies include the 
creation and sustenance of some level 
of artificial gravity in manned Mars 
efforts. The need to know how much is 
needed or even if it is necessary at all 
places stringent constraints on all as- 
pects of future planning. 

The Gemini and Apollo programs 
will have some bearing on this, but 
neither of these currently keep man in 
the environment long enough to have a 
meaningful effect on Martian plans. Ex- 
tended Earth-orbital programs will pro- 
vide further weightlessness data. 

@ A sense of timing—How long 
would it take from the basic decision to 
develop to an operational vehicle on the 
launch pad ready to start the Earth-orbit 
phase? Current best guesses range be- 
tween 10 and 14 years—with a mini- 
mum of 10 years no matter when the 
program started. 

How soon could the program start 
is another major question. An intelli- 
gent decision cannot be made until more 
precise knowledge has been acquired. A 
specific example is space rendezvous. 
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THE RELATIVE positions of Mars-Earth oppositions are indicated for two 
complete cycles covering 1971-1999. Venus swing-by technique increases usable 


launch windows. 


All manned Mars missions begin 
with an Earth-orbit phase to re-fuel the 
mission vehicle. Rendezvous is an es- 
sential element. The U.S. will effect the 
first manned space rendezvous in the 
Gemini program. 

The Apollo lunar orbit rendezvous 
experience is next. Most manned Mars 
suggestions incorporate a Mars excur- 
sion vehicle similar in principle to the 
Lunar Excursion Module—but with es- 
sential differences because of the pres- 
ence of a Martian atmosphere. 

The basic decision to go to Mars 
will probably precede an exact definition 
of the program by two to three years. 
In addition, because of the resources 


needed for a successful manned mission, 
the decision is of national importance. 
It will almost certainly have to be made 
by the President. 

@ Solutions by the score—NASA 
future planners have solutions for every 
problem currently visible in a manned 
Mars operation. The trick is not to get 
trapped in any one solution. 

Dr. Franklin P. Dixon, director of 
Manned Planetary Studies at NASA 
Headquarters says that while “we know 
we can reach the solutions, .we also 
know they will be expensive.” And, at 
the moment, there is not enough knowl- 
edge in hand to optimize the costs. 

The study philosophy at NASA is 


SOHN’S RESULTS in applying the Venus swing-by technique to the 14 launch 
possibilities between 1971 and 1999 show a significant reduction in Earth-entry 


velocities. 


EARTH ENTRY VELOCITIES 
SPACECRAFT GROSS WEIGHTS UNAFFECTED 


MISSIONS. 
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designed to keep a constantly freshened 
base of information ready to support 
a decision. This means constant review- 
ing of past efforts, planning new study 
areas and incorporating pertinent infor- 
mation from all of the agency’s other 
programs into the manned Mars picture. 

The cooperation and coordination 
throughout the entire agency is evident. 
In fact, even with the heavy Apollo com- 
mitment, Mars appears as the unofficial 
long-distance goal. 

@ Covering all bets—Precisely what 
will be studied with the coming fiscal 
year funding is not yet known. While 
NASA planners have a list of explora- 
tion areas, how much and how many 
will be undertaken depends on the avail- 
able money. 

The range of possible studies is 
broad. For instance, Apollo hardware 
could be used for an early manned Mars 
fly-by mission. The information gleaned 
would be invaluable for the ultimate 
landing mission. From this standpoint 
it makes sense to study the possibility 
—but this is not to say it will appear 
as a formal study in the next budgct. 

Just how effective such studies can 
be is evident from investigations into 
the Venus swing-by technique. This 
method has been described as “attrac- 
tive’ by NASA planners to the extent 
that its effect on previous efforts is be- 
ing researched. Again, there are no in- 
dications that any Mars manned mission 
would actually involve such a technique. 
It looks good at the moment. That is as 
far as any NASA expert is willing to go. 

@ Shifting windows—Manned Mars 
launchings will be determined by the 
Mars-Earth oppositions. Launch oppor- 
tunities precede these events by three 
to four months, and the window opens 
every 25.6 months. 

In addition, the eccentricity of the 
Mars orbit changes the trajectory pro- 
files from one opposition date to the 
next, which has a direct bearing on 
Earth re-entry velocities. 

A favorable opposition such as that 
expected in 1971 means an Earth-entry 
velocity of about 46,000 fps. The most 
unfavorable situation—occurring in 
1980—produces Earth entry-velocities 
up to 70,000 fps. 

The pattern cycles every 15 years 
(every seventh opposition), and the 
manned mission profiles change accord- 
ingly. 

® Two approaches—NASA’s plan- 
ning for manned missions can now be 
divided into two categories—direct 
mode or indirect mode. The direct route 
is relatively old in the history of the 
agency’s study programs. 

There are two general classes of 
direct-mode round trips to Mars—oppo- 
sition-class modes with short stopover 
and conjunction class modes with an 
extended stopover. 
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New R/M asbestos phenolic multi-ply tape 
speeds part-wrapping time by 75% 


Your company may now request a sample 
of a remarkable new preimpregnated multi- 
ply “B”-stage laminating tape that can 
save time and money in fabricating high- 
emperature missile parts. Now available 
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strength permits tighter wrapping tensions 
for more uniform results, improved ap- 
pearance, and better performance. Ablation 
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The opposition would have the 
spacecraft arriving and departing from 
Mars within a short period while Earth 
is between Mars and the Sun. The usual 
mission duration is between 300 and 
500 days—the shortest Mars mission 
possible but the one demanding the most 
energy. 

The conjunction mission approach 
would have the spacecraft arrive at 
Mars shortly after one of the opposition 
dates and depart just before the next 
opposition date. Mission duration is 
from 700 to 950 days, with a stay time 
on or near Mars of up to 500 days. 
This mission requires the least amount 
of energy. 

The studies covering the short-dura- 
tion Mars round trips generally indicate 
an optimum trip consisting of a short 
transfer to Mars arriving about 100 days 
after the opposition, and a long return 
to Earth. The total time varies between 
400 and 440 days, with Earth entry 
velocities up to 70,000 fps in the un- 
favorable years. 

@ Flight trajectories—A typical mis- 
sion trajectory path is made with the 
velocity vector nearly tangent to that of 
the Earth, minimizing departure propul- 
sion requirements. As a result, the re- 
turn leg is performed under unfavorable 
circumstances because Mars lags behind 
the Earth in heliocentric position. 

The spacecraft must pass inside the 
Earth’s orbit to develop an angular rate 
of travel higher than Earth’s. Rendez- 
vous with Earth occurs when the helio- 
centric radial velocity components are 
near maximum—resulting in high Earth- 
approach velocities. 

The mission profile can be inverted, 
meaning that the outbound transfer leg 
takes the longer time. This mode in- 
volves a drastic increase in Earth-depar- 
ture propulsion requirements. The alter- 
natives in the short-duration mode 
would require accepting either a high 
Earth-re-entry velocity or a high Earth- 
departure speed. 

The conjunction approach includes 
an extended stay in the vicinity of Mars 
or on the planet itself, but reduces the 
Earth-entry velocity demand while re- 
taining the energy advantage of the op- 
position method in Earth departure and 
arrival at Mars. 

In early manned Mars studies by 
NASA and its contractors, the long- 
term, conjunction approach looked ex- 
tremely attractive. Today this method 
has lost much of its appeal because of 
mission conditions dictating other than 
optimum trajectories. 

@ Gravity deceleration — Another 
element recently has been brought into 
the general picture of manned Mars 
missions. This is the Venus swing-by 
mode in which the gravitational field of 
Venus decelerates the spacecraft. In the 
worst situation, a Venus swing-by will 


result in dropping the maximum Earth- 
entry velocity from 70,000 fps to around 
50,000 fps. 

Much of the detail examinations of 
this technique have been performed 
by TRW Space Technology Laboratories 
under contract to the Future Projects 
Office at the Marshall Space Flight Cen- 
ter. Robert L. Sohn, chief of the re- 
quirements staff in STL’s Systems Re- 
search and Engineering Lab disclosed 
the Venus method at a recent AIAA/ 
NASA meeting in Houston. 

Koelle says this technique has 
changed trajectory parameters and looks 
attractive at the moment. The Venus 
swing-by also lessens the “good” and 
“bad” years problem originally set up 
in manned Mars studies. All NASA 
scientists involved in these studies em- 
phasize that the studies are in their early 
stages. 

Because one element appears prom- 
ising right now does not necessarily 
mean a drastic shift in planning opera- 
tions will come from it. In the case of 
the Venus swing-by, the situation is 
fluid. Development of the concept es- 
sentially proves the efficacy of the whole 
future study philosophy. 

There are three reasons why the 
Venus swing-by technique is attractive 
in manned Mars mission planning. Sohn 
cites the first as being the fact that the 
spacecraft usually passes inside or near 
the orbit of Venus either on the return 
leg of the direct mode or on the out- 
bound leg of the inverted approach. 

Secondly, the gravitational field of 
Venus is strong enough to effect signifi- 
cant acceleration or deceleration by 
properly aligning the hyperbolic pass 
around the planet. 

Finally, the angular rate of travel 
of Venus is large in comparison with 
Mars. This means Venus is usually 
available for use as a trajectory in- 
fluence. 

@ Stop-over applications — Sohn 
chose a 1975 manned stop-over mission 
as representative of a typical unfavor- 
able year for a direct return. In this 
case, the spacecraft would normally pass 
inside the orbit of Venus to effect an 
Earth rendezvous, reaching Earth at a 
relative heliocentric flight path angle of 
31° and resulting in an Earth-entry 
velocity of 65,600 fps. 

By adjusting the return trajectory 
slightly, Sohn says, the spacecraft can 
be made to rendezvous with Venus. If 
a darkside passage is made at an alti- 
tude of about 2,100 miles, the space- 
craft’s heliocentric velocity is reduced by 
15,000 fps. 

The resultant Venus-to-Earth trajec- 
tory approaches Earth at a relative 
heliocentric flight path of only 0.14°, 
and the entry velocity is then reduced 
to 44,000 fps from the original 65,600 
fps. 
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The next obvious question is the ap- 
plicability of the Venus swing-by mode 
to other Mars mission opportunities— 
especially those in the “bad” years. 

@ Venus swing-by potential—Sohn 
and his staff examined two cycles of 
opposition covering the period from 
1971 to 1999, In many of the included 
14 opportunities, the spacecraft does 
not pass close to Venus on the return 
leg. 

But the angular rate of travel of 
Venus is rapid compared to Mars, and 
the spacecraft can remain in the Mars 
vicinity for a relatively short time and 
wait for a favorable rendezvous. 

In addition, Sohn says the mission 
trajectory paths can be adjusted to effect 
a more favorable position for the Venus 
rendezvous—before or after perihelion 
passage of the spacecraft. About two- 
thirds of the missions can effectively 
utilize the Venus swing-by return to re- 
duce Earth-entry velocities. 

The remaining launch opportunities 
can take advantage of the Venus swing- 
by by inverting the trajectory—follow- 
ing long transfers to Mars and short 
returns. Normally precluded because of 
extreme Earth-launch requirements, the 
whip effect of Venus used on the initial 
transfer can reduce Earth-launch energy 
needs to near optimum values. 

The result again is a reduction of 
Earth re-entry velocities to below 42,000 
fps. 

Sohn also suggests that Mars fly-by 
missions can also be handled through 
the Venus swing-by technique. Space- 
craft arrive and depart Mars near the 
aphelions of transfer trajectories and 
move at relatively low velocity during 
the Mars passages. 

This suggests, says Sohn, that the 
Mars stop-over missions previously de- 
scribed can be converted to fly-by mis- 
sions through moderate-powered turns 
during the Mars passage. The gravita- 
tional field of Mars must be augmented 
by propulsive maneuvering. 

Powered turns at Mars vary between 
1,600 and 5,000 fps. Sohn derived these 
values by optimizing the turning ma- 
neuvers as to the time during passage, 
magnitude and direction of the incre- 
mental velocity addition. 

Examination of the possible missions 
through a cycle of favorable to unfavor- 
able opportunities indicates that velocity 
requirements with the Venus swing-by 
mode remain approximately the same. 

In all of the analyses, Sohn says no 
penalties in propulsion requirements are 
incurred, although the total mission 
duration may be extended up to 20%. 
Communications distances are some- 
what extended, but the navigation prob- 
lem turns out to be no more difficult 
than with direct-mode passages. 

Navigation propulsion requirements 
are increased by about 50%. & 
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n= C AANCE: Oscilloscopes and related 
accessory instruments are our sole product and, as a 
result, we have devoted every effort to bring you in- 
struments capable of meeting practically any demand. 


Whatever your oscilloscope application requirement, there 
is a Tektronix Oscilloscope to do the job—accurately and 
dependably. 


Models range from a light- 
weight portable that operates 
from its own rechargeable 1n- 
ternat batteries or from practi- 
cally any common ac or dec 
source, to a semi-automated 
integrated circuit tester cus- 
tom-built to meet individual 
needs. 


You can choose from a se- 
lection of over 50 oscillo- 
scopes. With some models 
you get additional adapt- 
ability of plug-in type verti- 
cal and horizontal ampli- 
fiers, thus enabling you to 
economically extend your 
oscilloscope's ability to 
) meet new demands. 
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But whichever Tektronix instrument 
you choose, you can be certain it will 
perform as well—or better—than the 
specifications stated. 
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QUALITY: Modern science and industry re- yl i 


quire instruments capable of providing precise and 
reliable displays of changing phenomena. Tektronix 
Oscilloscopes meet this exacting demand by design— 
backed up by stringent quality control at every phase 
of manufacture. 
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Look inside a Tektronix Oscilloscope and note the clean 
layout and careful workmanship. The emphasis on quality 
appears in every component from the smallest bolt to the 
most complex switch. 
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When commercially available: components do not meet 
our rigid specifications, or when components unique to a 
Tektronix instrument are needed, we manufacture our 
own. One good example is the split-screen storage 
: crt—with independent storage and erase of upper and 
lower half of the screen. 


Other special components 
include transformers, ceramic 
termina strips and etched 
circuits~@in addition to pre- 
€ son potentiometers, capac- 


mers ineuictors and solid- SERVICE: You can depend upon your Tektronix 


field engineer or representative to help you with any 
problem involving oscilloscopes. He is as near as your 
telephone and offers you comprehensive instrument- 
support services before, during, and after delivery of 


your Tektronix equipment. 


State devices 


Designed for reliability 
and efficiency, these Tek- 
tronix-manufactured com- 
ponents incorporate the 
highest standards of 
craftsmanship in meeting 
the special needs of par- 
ticular instruments. 
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... for guidance in selecting the proper instrument 
for a specific job. 

... for instruction in instrument operation and in 
preventive-maintenance procedures. 

...for demonstration on use of oscilloscopes and 
associated instrumentation. 


... for counsel in relating the oscilloscope to specific 
problems or goals. 


Tektronix, Inc. 


P.O. BOX 500 - BEAVERTON, OREGON 97005 
TEKTRONIX FIELD OFFICES in principal cities 
in United States. Consult Telephone Directory. 
OVERSEAS DISTRIBUTORS IN 25 COUNTRIES 
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NASA: Launch Vehicles 


Post-Saturn V Development Awaits 
High-Priority Manned Mars Effort 


Follow-on seen as quantum jump from Saturn V, but details remain 
undefined; flexibility, economy get major stress; demand expected 
to lie more on technology than on development 


ESTABLISHMENT of a manned 
mission to Mars stands as the only cur- 
rent reason for the development of a 
post-Saturn launch vehicle. 

As long as there is no authorized, 
funded and high-priority manned Mars 
effort in being, the Saturn V launch ve- 
hicle system will be sufficient—at least 
for the foreseeable future. 

Highlights of the advanced thinking 
going on in the various NASA offices 
include: 

—tThe Saturn V and post-Saturn ve- 
hicles are not competitive. It is not a 
case of one or the other. The Saturn V 
will be an operational system for a long 
time to come. 

—A major element in all advanced 
planning is a drive to get the most from 
the currently authorized systems in the 
national launch vehicle program. 

—The Saturn V cannot be improved 
greatly, at least from the standpoint of 
cost effectiveness. In addition, the post- 
Saturn vehicle is now conceived as be- 
ing a quantum jump ahead in all re- 
spects. No matter how the Saturn V is 
improved, this quantum step is not likely 
to occur in this system. 

—tThe problem is compounded by 
the fact that the Saturn V has not yet 
flown. NASA future planners say it is 
somewhat premature to detail areas of 
improvement at this time. 

—The post-Saturn vehicle system 
most probably will have one new char- 
acteristic—it will be reusable. Since re- 
usability is something more than re- 
coverability, it will have to be designed 
into the vehicle from the start. 

@ Future plans hazy—NASA has 
been studying the post-Saturn launch 
vehicle for some time. There is every 
indication this will be a way of life for 
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several more years—unless a decision 
is made to initiate a manned Mars pro- 
gram sooner. 

At the moment, no one knows what 
such a vehicle looks like, how large it 
will be, beyond certain lower limits on 
payload ability—or even how much it 
might cost. 

There are intelligent guesses in each 
of these areas, however, and the nature 
of NASA planning is such that the 
agency will soon have enough informa- 
tion to start the early phases of such a 
program. 

There is no pressure to make such a 
decision in the near future. In fact, the 
planners discourage any attempt to force 
them into even hypothetical situations 
at the moment. 

The reasons for this are obvious. A 
nuclear rocket engine program is in 
progress—and is currently extremely 
successful. But this program is still in 
its early stages; much more information 
is yet to be gathered. This includes flight 
and early operational data. 

Past experience dictates that any 
post-Saturn launch vehicle system will 
not be founded on a single-mission basis. 
Thus the burden on technology is 
greater than that posed by the develop- 
ment of the Saturn V. Reusability is not 
a state-of-the-art element. It requires 
development. 

Studies do not advance the state of 
the art; only technology can do this. 

@ Saturn uprating—The largest ef- 
fort within the launch vehicle section 
of the Future Projects Office at the 
Marshall Space Flight Center is cen- 
tered around the possible improvements 
to the Saturn family of vehicles. 

Better called a product improvement 
effort, this will remain in the study 


stage for some time to come. None of 
the improvements are expected to be 
incorporated into the Apollo program, 
but are rather aimed at post-A pollo op- 
erations. 

All of these improvements are sub- 
jected to intense analysis, both as to 
cost effectiveness and as to efficiency. 
Mission inputs are extremely important. 
There is a strong attempt to live with 
existing facilities. 

Many methods are available to get 
higher payload performance out of the 
Saturn. Higher-pressure engines, more 
efficient injection, pumping and other 
engine component improvements, to- 
gether with fuel and oxidizer innova- 
tions can be cited as examples, but pri- 
orities change when cost factors are 
worked into the schemes. 

This remains a study area. It is not 
known how the Saturn will be improved. 
There are still several major questions 
—such as whether a higher payload 
ability is as important as a more effec- 
tive vehicle with the same payload. 

@ Post-Saturn picture—Studies into 
the future launch vehicle have served 
to focus and guide a broad front of 
technology within the entire rocket in- 
dustry. Even though the vehicle cannot 
be defined, the exercise can set limits 
and indicate avenues of research. It al- 
ready is clear that there must be an ef- 
fort to keep the cost of such transporta- 
tion down. 

The complexity of the problem is 
best illustrated by Heinz Koeller, Direc- 
tor of the Future Projects Office at Mar- 
shall Space Flight Center, who says that 
defining a post-Saturn system is com- 
parable to offering a single aircraft de- 
sign to the airlines of the U.S. to serve 
all of their networks. 
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CHART REFLECTS results of Boeing Co. study comparing 
performance and cost characteristics of manned launch vehicles 
using vertical and horizontal take-off and horizontal take-off 


The vehicle cannot be designed on 
a single-mission basis but must consist 
of a group of alternatives optimized into 
a single family. Added to this is the 
knowledge that launch vehicle lead-time 
is extremely long—far longer than other 
elements of any mission. This carries a 
built-in danger of obsolescence. 

NASA future planners have learned 
that planetary missions are by far the 
most demanding with respect to launch 


TABLE 1. COST MODEL DESIGN 


ABLES (VTO Rocket 2-Stage, R-R/VTO) 


1ST STAGE 2ND STAGE 


INPUT VARIABLES 


. Number af stages per vehicle 

. Type af fuel per stage (liquids-salids) 

. Manning cancept per stage 

. Re-usability cancept per stage 

Takeaff cancept of vehicle 

Landing concept 

Thrust af each engine type (paunds x 
1000) 

. Number of engines per stage 

. Tatal number of flight test launches 

. Tatal flight test engines required (each 
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type 

. Total flight test stages required (each 
type) 

. Total number af flight test instrumenta- 
tion sets 

. Total successful aperational launches 

. Total number af aperational launches 

. Total operational stages required (each 
stage) 

. Tatal operatianal engines required (each 
type) 

. Tatal number of guidance sets 

. Tatal number af refurbishments 

. Material used in airframe 

. Number af launch pads required 

. Number af airflelds required 

. Prapellant weight (paunds x 1000) 

. Propellant valume (cubic feet) 


. Equipment weight (paunds) 
. Praduction rate, units per manth 
. Refurbishment rate (%) 
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vehicles—thus, the intimate tie between 
manned exploration of Mars and the 
post-Saturn vehicle. 

@ Unmanned launch plans—The 
only new stage under discussion at 
NASA’s Office of Space Sciences and 
Applications is a small upper-stage 
“kick” engine. 

The unit is being studied for a pri- 
mary application as an upper stage for 
Centaur vehicles. Its nominal thrust 
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employing air-breathing first stages. This dominant cost sum- 
mary iHustrates difficulty of choosing a launch vehicle at the 
present time. Major costs appear in operations and R&D phases. 


range is reported to be around 7,000 Ibs. 
It may possibly be applied to Agena, 
Thor and Atlas launch vehicle systems. 

V. L. Johnson, director of Launch 
Vehicles and Propulsion in the Space 
Science Office, says the stage may not 
turn out to be just a “kick” unit and its 
final definition has not yet been made. 

Planning for other unmanned launch 
systems is as follows: 

@ Scout—NASA’s lowest-price four- 
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BOEING STUDY summarizes the cost variations on a basis of 1,000 launched and 
a 2% refurbishtinent assumption. The similarity in overall costs from one concept to 
the next suggests to Boeing that cost variations niay not properly be the primary con- 


sideration in choosing a velticle. However, 


the wide variations in the cost elements per 


velticle again underline the difficulty of defining a vehicle and committing such vast 


sums of money. 


stage solid is just reaching its goal as a 
reasonably economical workhorse. There 
will be relatively minor improvements in 
the overall vehicle, but no major modi- 
fications are envisioned. The uprated 
Castor stage will be operational by the 
middle of 1965. 

@ Thor-Delta—The Thrust-Aug- 
mented-Thor (TAT) is considered to 


be “in the stable.” NASA is funding the 
development of a larger Delta stage de- 
signed to significantly increase the pay- 
load ability of the vehicle. This should 
be operationally available in the fall of 
1965. 

NASA planners are considering 
bulding a Thor-Delta launch facility 
at the Western Test Range. This is be- 


THIS 7X8-CYCLE log-log plot covers the extreme range of $25 million per flight for 
Saturn 1B to $3,500 per flight for jet transports on the ordinate and from one launch 
a year in experimental launch systems to 100,000 flights per year for jet transports on 
the abscissa. The re-usable launch system data was superimposed on the chart. The 
general conclusion of the Boeing study is that advanced launch systems lave large 
cost/effectiveness improvements over present systems. 
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ing discussed with the Air Force; if the 
facility is authorized, it will be built in 
1966. 

@ Agena vehicles—The Agena D or 
standard Agena is about to join the 
launch vehicle family. The next step is 
to mate it with the standard Atlas. The 
Agena D will also be used with the 
Thor as a standard vehicle. 

@ Atlas-Centaur—It is expected 
that a single-burn Aftlas-Centaur will 
be operational in 1965. This vehicle is 
primarily designed for Surveyor mis- 
sions in direct ascent to the Moon, 

In late 1965 or early 1966, the 
Atlas-Centaur operational vehicle will 
include both the single-burn ability and 
the coast/restart mission area. 

There is an improvement program 
involving the Pratt & Whitney RL-10 
Centaur engine. This covers increases 
in both injector efficiency and nozzle 
expansion ratio. Any changes in thrust 
ability are secondary. 

A continuing weight reduction pro- 
gram is in effect within the Centaur 
project. Applied to individual small 
items, its overall effect should be a lunar 
payload ability of 2,500 lbs. by 1967. 

@ Other programs—An effort in 
Flox technology is continuing through 
the current fiscal year. There still may 
be applications to the Atlas, but the 
work is chiefly concerned with the RL- 
10. 

Pure fluorine and high fluorine com- 
binations are being investigated, but 
there are no definite plans for a specific 
engine or stage. 

The Saturn 1B/Centaur is still under 
study at NASA as a primary launch 
vehicle for interplanetary unmanned 
probes. This is the vehicle being con- 
sidered for the Voyager program. The 
combination is being examined for plan- 
etary applications in the 1969-1973 pe- 
riod with payloads in the 6,000-7,000- 
Ib. class. 

There is a joint study group com- 
posed of experts from NASA and DOD 
working out an agreeable solution for 
the Saturn 1B and Titan II-C third- 
stage problem. Both could use the Cen- 
taur, but the Air Force is pushing for a 
new engine based on F,. 

At the moment, space agency offi- 
cials lean toward the Saturn 1B/Cen- 
taur combination over the Titan II-C 
because of the payload diameter differ- 
ence—120-in. in the Titan and 260-in. 
in the Saturn/Centaur. The diameter is 
particularly important in the Voyager 
concept. 

As for unmanned missions, the Ti- 
tan IlI-C does not fit those currently 
in the planning stages at NASA. But 
Johnson is positive the Titan will be an 
active member of the entire U.S. launch 
vehicle family and probably will be used 
by NASA when the missions or pay- 
loads sensibly fit it. a) 


missiles and rockets, November 30, 1964 


— - 


F&M Systems...at home on the range! 


Pictured above is Hill Air Force Range, an airmunitions and propellant testing facility near Hill Air 
Force Base, Utah... now operational. F & M Systems’ responsibility included conceptual and detailed 
design, fabrication, installation, and checkout of all instrumentation and control systems. F & M 
also conducted the first rocket motor firings and is responsible for training Air Force personnel. 
Among items to be tested are Minutéman and Genie motors and Mace and Bomarc boosters. 


Note closed-circuit TV observing ver- 
tical and horizontal test stands. . . sev- 
eral angles of viewing motor tests and 
various phases of operation are pro- 
vided. In fact, flexibility in all opera- 
tions is evident. While the horizontal 
stand is proceeding with a motor test, 
the vertical stand is being made ready 
for test. Then, all data acquisition is 
switched to the vertical for test as the 
first stand is made ready again. 


F&M SYSTEMS CO. 


BF A DIVISION OF FISCHBACH AND MOORE, INCORPORATED 
P.O. BOX 26329 AREA CODE 214, HA 81573 DALLAS, TEXAS 75226 


Close-up of a control console in the 
Central Data Recording Facility con- 
trolling all test areas. Vertical and 
horizontal stands are so completely 
instrumented that should a motor ex- 
plode under test, extensive precision 
equipment could be ruined... there- 
fore a third stand, known as the “haz- 
ard pad,” is at hand as part of the 
vertical stand. Here, suspect motors are 
tested with only sufficient instrumen- 
tation to indicate what actually failed. 


The facility advances the state-of-the- 
art in instrumentation accuracy and 
data gathering techniques. Unquestion- 
able accuracy was a must because the 
facility will be used to test motors 
which have been stored for up to five 
years and data acquired now will be 
directly checked against data previously 
taken by motor manufacturers. 


Fischbach and Moore's F & M Systems 
Co. offers total instrumentation respon- 
sibility. Write for Capabilities Brochure. 


Career opportunities for competent engineers... with an equal opportunity employer. 
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Value engineering at Hi-Shear Corporation resulted 
in a substantial cost reduction accomplishment in the 
Air Force-Titan ICBM program. 
In earning the “T-Minus 10” citation, Hi-Shear was 
cited by Martin Denver for outstanding cost reduc- 


tion efforts. 


Quality assurance responsibility 
s L | at Hi-Shear is exampled by the 
1-S Gal $ use of the Martin Quality Ac- 
ceptance Stamp assigned by 
Martin Denver to authorized Hi- 

Shear inspectors. 


uw 
5 C p a ratl 0 n n ut 2 r 0 iy ram This means Hi-Shear is entrusted with the responsi- 


bility of acceptance for Martin of qualified ordnance 
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Designated “critical parts” by Martin 
Company, Hi-Shear’s Separation Nuts are 
used for launch tie-down and stage 
separation on the Gemini-Titan II 
Launch Vehicle. 


A “critical part” is just that . . . critical to 
the success of Gemini’s missions and to the 
lives of its two-man crews. 


Hi-Shear is one of only 30-some other firms 
supplying 54 vital parts in each launch 
vehicle singled out by Martin-Baltimore and 
Air Force engineers from more than 6000 


suppliers to the Gemini-Titan II program. A pair of 1% diameter Another pair of % diameter 
Hi-Shear Separation Nuts Hi-Shear Separation Nuts 
If your spacecraft project requires “critical,” used with a threaded stud at join the two stages of the 
flight-certified ordnance hardware, each of four attach points hold launch vehicle at another 
Hi-Shear offers a variety of separation the Gemini-Titan launch vehicle four points. Each SN2120-5 
systems and components, initiators and ee Oe ee as a da d 
EBW devices that meetouee be readily minimum axial tensile tensile load. 
adapted to your requirements. strength of 180,000 pounds 
Remember, too... Hi-Shear also offers and fully operates while 
versatile, high-strength fastening and ice cca spounds, 
Socal eaaiceeciaal Both type nuts were subjected by Martin to extensive 
: Flight Certification and Qualification Tests. These 
nuts are capable of complete separation in .005 
second with the recommended Hi-Shear Power Cart- 
‘“ ridges after being subjected to temperatures ranging 
o> from —125° to +300°F and be operable at pres- 
| ? ty a [ sures from ambient to hard vacuum. Other type Sep- 
& aration Nuts by Hi-Shear can achieve separation in 


-003 second or less, under similar conditions. 


CORPORATION 
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NASA: 


Unmanned Mars Exploration 


Phase | of Billion-Dollar Voyager 
Development Will Begin Next Month 


1969 Mars mission and June ‘65 contractor selection hinge on 
approval of $20 to 50-million add-on to FY ‘66 budget; vehicle, 
either Atlas-Centaur or Saturn 1B-Centaur, dependent on amount 


DEVELOPMENT of the unmanned 
Voyager planetary spacecraft will cost 
“just over one billion dollars,” NASA 
estimates, for delivery of four flight 
articles through the first two Mars 
oppositions. 

However, this would be just the be- 
ginning of a planetary exploration pro- 
gram which, in the 1970's, envisions 
the use of Voyager “to hit every Mars 
window and to bring Venus flights in 
as soon as possible,” Edgar M. Cortright, 
Deputy Associate Administrator, Office 
of Space Sciences and Applications, 
said. 

This would mean a minimum launch 
rate of two spacecraft per opportunity. 
Also, since Voyager will be adaptable 


to Venutian missions, further explora- 
tion of that planet could be undertaken 
if the funds and manpower were avail- 
able. 

Voyager is also expected to have a 
“potential beyond Mars and Venus,” 
Cortright feels. Mercury, Jupiter, Sat- 
urn and missions out of the ecliptic 
are all attainable with present hardware 
—Saturn V with a high-energy, 7,000- 
Ib.-thrust kick stage. However, he feels 
that “it is a matter of time and money 
before we get to them.” Saturn V 
launch vehicles are not expected to be 
available to the space sciences program 
until the mid-1970’s. 

Further defining the word “poten- 
tial,’ Donald P. Hearth of the Lunar 


CONCEPT OF 
the Voyager space- 
craft is shown in 
these pictures of 
the General Elec- 
tric version. Two 
landers (right) 
would be separ- 
ated from the bus 
as the spacecraft 
approaches Mars 
and propelled in- 
to an impact tra- 
jectory with the 
planet. The bus 
(left) would go in- 
to orbit around 
the planet. A large 
antenna would 
then be deployed 
for orbiter-Earth 
communications. 


missiles and rockets, November 30, 1964 


and Planetary Programs Office pointed 
out that the technology from Voyager 
would be applicable to Venus and these 
other missions. “The only thing that 
would be tougher,” he said, “would be 
the thermal control environment for a 
Venus mission, because the spacecraft 
would be going toward the Sun and 
would be subject to both solar and 
Venus albedo heating.” Venutian land- 
ers would also be “considerably differ- 
ent.” 

For missions beyond Mars and 
Venus, Hearth feels that the same 
spacecraft cannot be used. But, since 
the problem of long lifetime compo- 
nents is the same for Voyager missions 
and those beyond Voyager, some of the 
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spacecraft’s subsystems may be usable. 


In particular, the communications 
system and its 100-watt amplifiers, 
transmitting data at a lower bit rate, 
could be used as well as the Canopus 
star-trackers and the planetary horizon 
sensors. For missions beyond Mars, 
however, solar panels have reached the 
limit of their usefulness, barring a dra- 
matic increase in cell efficiency. 

@ Voyager: a new start—No matter 
what the Budget Bureau’s decision on 
the space agency’s desire for a $20. to 
$50-million add-on to the Fiscal Year 
1966 budget (M/R, Nov. 16, p. 12), 
NASA plans to initiate the Voyager de- 
velopment program before the end of 
this calendar year. Perhaps by mid- 
December, and most certainly before 
Jan. 1, industry will be asked to bid on 
the Phase 1, Preliminary Design Com- 
petition, for a “universal bus.” This 
single procurement will cover the design 
of the spacecraft system and may in- 
volve several contractors. 

Depending on whether there is to 
be a 1969 mission to Mars, there could 
be as much as a six to eight-month 
spread in the award of a development 
contract. If the $20-50 million is al- 
lowed, a contractor could be designated 
by June, 1965. If the decision is to 
forego the 1969 mission, the design 
competition would be stretched out, 
with the contractor not selected until 
the latter part of 1965. 

Also to be resolved is the position 
of the Jet Propulsion Laboratory in the 
Voyager program. While it is planned 
that JPL will provide the technical man- 
agement for Voyager, one approach 
would have the contract issued directly 
by NASA, with JPL playing the role of 
a technical director. 
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On the other hand, M/R was told 
by other headquarters officials that the 
request for proposals might come out 
of JPL and that the lab would manage 
the contract. Actually, they say, the 
decision “could go either way.” 

@ Mission profiles, 69-75—Assum- 
ing that the Administration will allow 
NASA to conduct further planetary ex- 
ploration with the A tlas/ Centaur combi- 
nation, the space agency would need an 
estimated $20 million additional in FY 
66 to conduct a 1969 mission. 

This might be a fly-by of the planet 
with as many of the Voyager compo- 
nents as possible and an instrument 
package originally proposed by a team 
of JPL scientists for the cancelled 1966 
mission. The trajectory and the on- 
board data processing equipment will 
be chosen to enable simulation of orbital 
injection, which may take place in the 
1971 mission. 

The launch vehicle for the fly-by 
could be an Atlas/Centaur with ap- 
proximately a 1,500-1,800-lb. payload. 
At the higher $50-million level, NASA 
would be able to conduct a_fly-by 
Voyager test flight with the Saturn 1 B/- 
Centaur and would thereby be in a good 
position to take advantage of the 1971 
launch window—the closet Mars comes 
to Earth until 1986. 

Of course, if Mariner 1V fails, the 
space agency might get a go-ahead for 
a 1966 mission—and most likely would 
be allowed to conduct the 1969 flight. 
A 1966 mission would probably be a 
repeat of the fly-by launched Nov. 5 
and the one scheduled for Nov. 27. 

In 1971, the full Voyager space- 
craft would be ready along with its 
launch vehicle. This mission would in- 
clude both an orbiter and a lander, 


although the latter might not be a full- 
fledged vehicle. Lander weight would 
be approximately 1,000 Ibs. 

To a degree, the *71 mission would 
necessarily be a flight spacecraft quali- 
fication and carry instrumentation for 
this purpose. The orbiter would enable 
the study of season darkening on Mars 
but might not be capable of making a 
high-resolution survey of the planet’s 
surface because of the altitudes at 
which it would fly. 

A lander is to be used in 1971 to 
examine the fine detail of the planet’s 
surface, said Robert J. Parks, Assistant 
Director for Lunar and Planetary Proj- 
ects at JPL. This will not be a life-de- 
tection experiment, which will be de- 
layed until 1973. Parks said he did not 
believe that planetary swingby tech- 
niques will change this schedule. The 
main limitation is funding. 

Prime mission of the lander will be 
to investigate the Martian surface op- 
tically, with a visual resolution of frac- 
tions of a foot, and to measure surface 
wind velocity. Parks said this was likely 
to be an essential prerequisite mission 
before landing of a biological experi- 
ment on Mars to search for life. 

Entry into the Martian atmosphere 
and landing, said Parks, could be car- 
ried out without getting better meas- 
urements than are expected from Earth- 
based telescopic observations and from 
the occultation experiment planned 
Mariner IV. “Your entry may not be as 
efficient as you would hope,” he said, 
but in his view, a useful payload could 
be put down to determine the problems 
of landing a biological probe on the 
ground. 

One of the atmospheric measure- 
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ments most required from a lander is 
determination of wind velocity, said 
Parks. There is no way to measure this 
with orbiters or simple atmospheric 


_ probes. Since wind velocities of 200 


fps have been suggested for Mars, this 
Measurement is of great significance 
for any parachute descent system. How- 
ever, Parks said that for early capsules, 
a fast hard-lander, shock-protected by 
an envelope of balsa wood, could prob- 
ably impact in a desired area without 
undue perturbation by wind. 

Dr. William McDonald of JPL has 
suggested that the minimum payload 
for a lander would include measure- 


-ment of peak entry deceleration, meas- 


ment of surface pressure, temperature 
and wind velocity and measurement of 
atmospheric composition by means of a 
mass spectrometer or gas chromato- 
graph. 

The ’73 spacecraft would be essen- 
tially the same—with the exception that 
more weight would be put into the land- 
ers as the energy requirements for the 
orbiter increased. The landers would 
have a weight of 3,000 lbs. and could 
consist of two 1,500-Ib. vehicles. Finally, 
by 1975, the energy requirements for 
putting the bus into orbit around Mars 
will be so great that the bus would 
fly by the planet; the extra weight 
would be put into the landers, boosting 
the weight of these vehicles to 4,000 lbs. 

Mission planning of this type allows 
the orbiter missions to be accomplished 
at the earliest possible opportunity when 
the retro-propulsion requirements to put 
a spacecraft in orbit around Mars are 
at a minimum. At the same time, the 
lander weights will go up, increasing the 
amount of scientific instrumentation that 
can be put on the planet’s surface. 

@ Voyager spacecraft—For the 
past two years, NASA, JPL and industry 
have been studying and defining the 
Voyager concept (see box). And, al- 
though these have been independent 
studies, they all had “an amazing amount 
of agreement,” according to Hearth. 

The spacecraft, as envisaged, con- 
sists of a bus with house-keeping func- 
tions, in-transit instrumentation and the 
orbiter package, the retro and mid- 
course propulsion system and _ the 
lander(s). Using numbers from the 
early studies, Hearth broke spacecraft 
weight down: 

Bus (orbiter )—1,500 to 2,000 lbs., 
(100-200 Ibs. science) 
Retro-propulsion—2,500 lbs. 
Lander (s)—2,500 lbs. (100-200 
Ibs. science ) 
Total weight: 7,000 Ibs. (minimum) 

These weights vary considerably de- 
pending on the mission to be conducted 
and the distance between Mars and 
Earth when it is flown. 

For example, the incremental veloc- 


on 


ity required to put 
a spacecraft into 
an elliptical orbit 
around Mars is 
such that, in a good 
year (1971), one 
pound of propellant 
will be required for 
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bus-propulsion sys- 
tem weight can 
vary from 2,000 to 
4,000 Ibs. 

This is also the 
reason that ellipti- 
cal orbits are ad- 
vantageous for 
Mars orbiters. It 
takes much more 
propulsion to cir- 
cularize an orbit 
than it does to attain an elliptical orbit. 
A representative orbit for a Voyager 
orbiter might be 1,000 km periapsis and 
30,000 apoapsis, although the periapsis 
might have to be increased to 4,000 km 
to insure that the unsterilized orbiter 
would not decay into the Martian at- 
mosphere for 50 years. 

The closeness of approach of the 
orbiter will be limited, as it must at all 
times have a probability of less than 
0.0001 of hitting the planet. The orbit 
required at Mars is of about 45-degrees 
inclination and reasonably elliptical. 

Hearth also points out that the 
stringent propulsion requirements are 
the reason that people run “hot and 
cold” on the role of the orbiter. Draw- 
ing a parallel with the lunar program 
in which the orbiting spacecraft is gain- 
ing an important role, he feels that, 
although the Mars orbiter is expensive 
in that it takes a lot of weight to ac- 
complish the mission, this type of space- 
craft is extremely useful. It can be used 
to conduct television reconnaissance and 
to measure the infrared characteristics 
of the surface, as well as to give data on 
planetary radiation belts and magnetic 
fields. “Orbiters are part of the planetary 
program,” he emphasizes. 

Another role which he feels orbiters 
can play—but one which is “a point for 
debate’—is as a communications relay 
between the landers and Earth. “In order 
to get a high data rate,” Hearth says, 
“T think we’re going to need a communi- 
cations relay in orbit to eliminate the 
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EARLY AVCO concept of Advanced Mariner with fly-by/bus- 
lander. With GE models (p. 81), illustrates Voyager evolution. 


requirement for high-gain, directional 
antennas on the surface.” 

@ Requirements—Orbiter/bus char- 
acteristics require that the spacecraft 
have a six-month lifetime and carry 
150 to 200 lbs. of instrumentation. Over 
200 sq. ft. of solar panel area will be re- 
quired to provide the 500-watt power 
level. Mariner used about 70 sq. ft. of 
solar panels. Although there would be 
“important payoffs” in a hot-gas atti- 
tude-control system, all of the study 
contractors have recommended that a 
cold gas (nitrogen) system be used. 

Large on-board antennas, 8 to 10 ft. 
in diameter, with very precise pointing 
accuracy, will be required. To illustrate 
the accuracy demanded, Hearth pointed 
out that a 4-ft. antenna has a beamwidth 
of 7.5 degrees, an 8-ft. antenna beam- 
width of 4 degrees, and a 12-ft. antenna 
a beamwidth of 2.5 degrees. The Voya- 
ger antenna would have to be pointed 
toward Earth with an accuracy com- 
parable to the bandwidth. 

JPL has for some time recognized 
the need for an improved planetary 
horizon sensor and is developing (with 
Barnes Engineering) a 15-35 micron 
infrared tracker that will operate for 
apparent planetary diameters between 
10 and 160 degrees. Uncorrected 
Schmidt optics and an array of vacuum- 
deposited bismuth-antimony thermocou- 
ples are used, each element looking out 
through a solid angle of 0.25 by 10 
degrees. 

The Celestial Sensors group of JPL’s 
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Guidance and Control Systems Div. is 

developing an instrument to locate the 

center of a partly illuminated planetary 

di to measure its apparent angular 
(er. 

.etro-propulsion system will consist 
i space-storable propellants and the 
same engine will be used for mid-course 
corrections. Weight will run between 
2,000 and 3,000 Ibs. and the thrust level 
will be about 1,000-2,000 Ibs. Some 
advantage could be gained by going to 
cryogenics, but the increase in efficiency 
is offset by the weight of the insulation 
required with cryogenic propellants. 

Three mid-course maneuvers will be 
used during the interplanetary trajectory 
to reduce errors in orbiter-encounter 
position to a few tens of kilometers, said 
Dr. H. J. Stewart, chief of JPL’s Ad- 
vanced Technical Studies Office. He re- 
gards the DSIF capacity to measure 
perturbations in spacecraft orbits at in- 
terplanetary distances as sufficient to 
give accurate measurement of planetary 
position and so get around Mars ephem- 
eris errors. He suggests, however, that 
an on-board abort system will be needed 
in case malfunction of the guidance 
system should make impact of the un- 
sterilized orbiter on Mars likely. 

Studies at JPL on the transfer from 
hyperbolic trajectory to the elliptical 
orbit have been concerned with coplanar 
approach and orbit. Inclination of the 
final orbit about Mars is adjusted by 
shifting the aiming point of the ap- 
proach trajectory. Injection guidance 
similar to that used for Mariner mid- 
course maneuvers is under considera- 
tion. 

In this, the pitch and roll angles are 
commanded when the spacecraft is in 
a known attitude in relation to the Sun 
and Canopus; then the motor burn is 
initiated through a predetermined thrust 
period, the spacecraft being held on 
course by an autopilot. JPL is currently 
examining the advantages of supple- 
menting the autopilot with current in- 
formation about the local horizontal 
derived from a planet-seeking device. 

@ Landers, primary goal—While 
orbiter and fly-by missions are impor- 
tant and are included in the program, 
the landers are the most important part 
of the Voyager concept. This is under- 
standable. The most over-riding ques- 
tion concerning Mars is the existence 
of extraterrestrial life, and the landers 
are expected to provide an answer. To 
do this, however, four characteristics of 
landers must be fulfilled: 

—Large payloads: Many of the ex- 
periments will consist of either one large 
payload or several complementary in- 
vestigations. 

—Long lifetime: In order to func- 
tion over at least one Mars season (twice 
as long as one Earth season), which is 
considered a minimum to answer some 
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scientific questions, the lander must 
have a lifetime of six months minimum 
on the planet. 

—High communications data rates: 
Scanning television cameras and biologi- 
cal microscopes will require these high 
bit rates in order to yield worthwhile 
data. 

—Pinpoint landing accuracy: Since 
the areas of more interesting investi- 
gation vary over the surface of the 
planet, the lander must be brought 
down in an area which will maximize 
the results from these expensive pay- 
loads. This will require a landing ac- 
curacy of -+ 300-400 km—about the 
size of the more discrete areas of the 
planet. 

The mission profile for the lander 
calls for it to be separated from the 
bus before the planetary encounter. It 
is then corrected to an impact trajectory 
by means of a small correction motor. 
When it enters the Martian atmosphere, 
where it is expected to experience be- 
tween 150 and 200 g’s, a parachute 
system lowers it to the surface. Since 
the atmosphere of Mars is estimated to 
be approximately 11 millibars, the 
lander will operate at a low ballistic 
coefficient (M/CpA, typically 0.2 
slugs/sq. ft.). As the planetary atmos- 
pheric pressure increases, the physical 
size of the lander increases and the 
amount of useful payload which can be 
landed decreases. 

This, incidentally, is one of the prime 
reasons why NASA favors the Saturn 
1B over the Titan 11]. With the /B, the 
entire 260-in. diameter of the S-IVB 
stage can be used by shrouding the 
Centaur as well as the Voyager, thus 
relieving some of the constraints on 
lander size. With the Titan 11], however, 
the base diameter of the vehicle is 120 
in. and, although it could be hammer- 
headed, the shroud would present a 
more real constraint. 

All of the landers will be sterilized 
through the terminal heat technique. 
This presents a problem requiring the 
use of heat-resistant components and 
complicates pre-launch ground opera- 
tions. In addition, sterilization degrades 
the performance of some components, 
e.g. a battery subjected to the process 
loses one half of its capacity. 

Radioisotope Thermionic Generators 
(RTG) will provide power for the 
landers. From 100 to 300 watts, either 
in several small units or one large gen- 
erator, will be required. The contractors 
were unanimous in selecting the RTG 
because of its long lifetime and in spite 
of the fact that it creates some thermal 
control problems in-transit. Batteries 
were rejected on the basis of the con- 
tinuous operation requirement over a 
long period of time. Beyond two to 
three days, the RTG becomes definitely 
superior to a battery system. 


@ Voyager problems—In addition 
to long lifetime and the reliability prob- 
lems, major difficulties foreseen by 
NASA are in thermal control, com- 
munications, data storage and orbital 
operations. The greatest steps forward 
in the state of technology are required 
in the development of a 100-watt S- 
band power amplifier and the upgrading 


. of tape recorder capabilities to storage 


capacities of 10° bits in the orbiter. 
Lander tape recorder requirements 
would be an order of magnitude less 
(10° bits). 

JPL recognized early in its studies 
that the data automation system and 
data storage were the key to the inter- 
planetary problem. Although the equip- 
ment needed for advanced spacecraft 
is not yet on the shelf, development has 
been sufficient to give JPL an under- 
standing of how it would be produced. 

Mariner Il] has a magnetic tape 
recorder capable of storing five million 
bits of information, JPL has also had 
developed under contract a recorder 
capable of storing 100 million bits of 
video information. The transport weighs 
25 Ibs. and is capable of record/play- 
back speed ratios of 1,000:1. Power 
consumption in record is less than 20 
watts. Tape speed can be adjusted to 
a number of values between 24 in. per 
second and 0.024 in. per second. 

At present, recorders of this type 
have to be operated during launch to 
prevent the vibration causing tape spil- 
lage. Efforts are under way to get a 
synchronous recorder that does not 
need operation during launch, is capable 
of hard mounting and is lighter and 
smaller than present machines. 

A study is being carried out at JPL 
to explore the feasibility of recording 
information at a density of 10,000 bits 
per linear inch, with 100 tracks across 
the width of normal one-inch tape. This 
will provide a packing density of one 
million bits per inch and reduce the 330 
ft. of quarter-inch tape used by the 
Mariner 11 recorder to 10 inches of 
half-inch tape. So far, experiments have 
been carried out with 24 tracks on 0.25- 
in. tape. 

A member of JPL said that tech- 
niques such as these may lead to a 10- 
million-bit recorder the size of a cig- 
arette package. 

The data automation system used 
on board the present Mariner is in- 
tended as a general-purpose instrument 
for use on future spacecraft. However, 
development of advanced data automa- 
tion systems is continuing at JPL. One 
system uses a tape storage system able 
to take data at various rates from dif- 
ferent instruments and record simul- 
taneously on independent tracks. Data 
gaps of arbitrary length are allowable 
on the tape, the gaps being removed 
during buffered playback. 
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In man’s dramatic conquest of space, the 
destructive forces of excessive heat—from take- 
off to re-entry—represent a constant challenge 
to the successful functioning of missiles, rock- 
ets, aerospace vehicles and supersonic aircraft. 


Hy-Cal Engineering, a pioneer in the art and 
practice of thermal instrumentation, is creating 
new standards of accuracy in measuring the 
heat flux rate on surfaces and in areas sub- 
jected to varying types and intensities of heat 
generating sources and exposures. 


Hy-Cal Slope, Asymptotic* and Hy-Therm* type 
Calorimeters, Radiometers and Pyrheliometers 
are supersensitive heating rate transducers that 
follow transients and supply a rapid response 
readout in order of milliseconds. 


The Hy-Cal RF-10 Radi-Flux radiant source 
facility provides, for the first time, an infinite 
point calibration curve that Hy-Cal notarizes to 
certify transducer reliability. 


The combination of exceptional precision and 
documented performance gives to Hy-Cal prod- 
ucts an honored distinction in the exploration 
of space. 


By many whose scientific skill is establishing 
new benchmarks in space achievements, Hy-Cal 
is considered the ‘‘Key to the Heat Barrier.” 
Its future is dedicated to this constructive end. 
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It annihilates vacuum tubes, transistors, diodes, resistors, capacitors, and a host of related componenis. 


It is an integrated circuit — the first of its kind to be used in volume production. 
IC's like this are part of the microelectronic guidance, control, and checkout systems for the WS-133B Minuteman missile. 


They decrease size and weight, improve operational flexibility, and — most important — increase reliability 100 times 
over conventional components. 


North American Aviation/Autonetics Division was first to make use of microelectronic circuits in production-line 


systems, In WS-133B guidance. Other inertial navigation systems. Computers. Radars 
In doing this, NAA/ Auto cs is setting a whole new standard of reliability in the electronics industry. 
North American Aviation is also a leader in nuclear energy, rocketry, aviation, life sciences, and space flight. 
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At present, S-band power amplifier 
levels run at 10 watts—well below ulti- 
mate Voyager requirements. By the time 
the spacecraft is ready to fly, how- 
ever, NASA expects that the higher 
power level will have been reached. 
Pointing accuracy of the antennas, as 
pointed out previously, will pose an- 
other difficult communications problem. 

Even if the orbiter is used as a relay 
between the lander and Earth, it is felt 
that there must be direct communica- 
tions between the surface vehicle and 
Earth. This will provide redundancy in 


the event the orbiter should fail pre- 
maturely. 

In-orbit operations are expected to 
be difficult, but NASA feels that this 
is essentially a “software” problem. The 
Deep Space Instrumentation Facility 
will be used to track the spacecraft. The 
Central Computer and Sequencer 
(CC&S) will share this command func- 
tion with the DSIF, but the CC&S will 
still be much more complicated than 
the ones used on Mariner. For example, 
there will be approximately three times 
as many CC&S commands on Voyager 


as there were on Mariner. This again 
is felt to be a software problem involv- 
ing, specifically, a more difficult elec- 
tronic design. 

Finally, the payloads themselves 
present unique difficulties. Due to the 
tougher integration requirements, there 
must be a long lead-time on the experi- 
ments. 

This means that payloads for a 
particular mission must be selected far 
in advance of a particular flight and 
without recourse to the Voyager pay- 
load of two years before. | 


Aeronutronic 


THE AUTOMATED Biological 
Laboratory (ABL) concept now being 
studied by the Aeronutronic division of 
Philco Corp. will determine the feasibil- 
ity of large, fully integrated exobiologi- 
cal experiments. The study contract was 
awarded as the result of a “yell for help” 
by NASA to the aerospace industry, ac- 
cording to Benny B. Hall, Deputy Direc- 
tor of the space agency’s Bioscience Pro- 
grams Division. 

As it became apparent that large 
launch vehicles in the Saturn class might 
be used in the unmanned planetary pro- 
gram, Hall said, many biologists began 
to feel that a large number of experi- 
ments should be landed on Mars to 
search for life. Substantial support then 
grew for the use of integrated payloads 
for this mission. 

Unfortunately, however, the feasibil- 
ity of automated laboratories for extra- 
terrestrial life experiments is not at all 
clear. In fact, automated laboratories 
are not widely used in Earth-bound ap- 
plications. 

Therefore, Hall said, NASA decided 
it was time to “bring in some industrial 
experience” to study the problem. After 
evaluating proposals solicited from eight 
companies, it awarded the study con- 
tract to Aeronutronic in August of this 
year. 

To run for twelve months, the study 
will cover the possibilities of common 
acquisition devices, samplers, and a 
common command sequencer. Also, the 
company is to investigate landing sites, 
taking into account the seasons of Mars 
and the time at which the flight takes 
place. Still further, Aeronutronic is to 
make parametric analyses of the advan- 
tages and disadvantages of single experi- 
ments, small payloads and the large au- 
tomated type of laboratory. 

The study is to be submitted in Sep- 
tember of next year. 

@ Small experiments—Meanwhile, 
development effort on individual life- 


Weighs ABL 


detection experiments is continuing and 
is being funded under supporting re- 
search. Included in this category are 
such individual life-detection devices as 
Gulliver, the Wolf Trap, Optical Rotary 
Dispersion Profile experiment, the Mul- 
tivator and the combined gas chromato- 
graph and mass spectrometer. All of 
these, as well as the J-band life detector 
on which it did some in-house work, are 
to be studied by Aeronutronic. 

Basically, these small experiments 
look not only for life itself but more 
particularly for evidences of life. And 
almost all of them are aimed at the de- 
tection of the lower spectrum of life. 

There are essentially three levels of 
experiments: those which look for the 
presence of critical compounds essen- 
tial to life or its development, those 
which examine the form and structure 
of macromolecules, and those which 
seek the physiological evidence of life 
forms. Most of the devices under de- 
velopment now concentrate on the first 
two levels—particularly on the first. 

One of the real advantages of an 
Automated Biological Laboratory is that 
it would be large enough to look for 
life or evidence of it at all three levels. 
For example, an ABL would carry a 
television set and microphones so that 
the gross aspects of life—rabbit-sized 
creatures running across the Martian 
plains—would not be missed in the 
search for micro- or macro-molecule 
life forms or compounds. 

e ABL difficulties—One of the 
problems in the ABL concept is that it 
requires a great deal of experimental 
logic to feed the results from one ex- 
periment into another and finally to a 
successful conclusion. Re-sterilization of 
the ABL after an experimental sequence 
is also expected to be a very real prob- 
lem. Even if a positive indication of life 
is obtained in a particular experiment, 
it would be necessary to repeat that ex- 
periment in order to verify the conclu- 


missiles and rockets, November 30, 1964 


Experiments 


sions. This would mean that there would 
have to be some sort of internal steriliza- 
tion cycle which would clean out the 
ABL to re-run a particular experiment. 

Ignorance of the environment is 
still another major factor in the design 
of large life experiment payloads. In 
fact, the areas of ignorance—wind ve- 
locity, surface conditions and cosmic 
ray intensity on the ground, to name 
just a few unknowns—are so great that 
there is a growing feeling that perhaps 
biologists should not be the first to 
land on Mars. A payload designed to 
give answers to engineering questions 
might be more valuable. 

The nagging fear that the planet may 
be contaminated by the first payload 
landed, however, presents a dilemma. 
This gives strong impetus to proposals 
for landing a large biological payload at 
the first opportunity. The theory is that, 
if contamination is going to occur any- 
way, it would be better to get as many 
answers as possible as soon as possible 
with a large experiment package. 

Aeronutronic has recently solicited 
the opinions of 300 U.S. scientists on 
the question of the ABL. In a letter, 
Dr. Robert E. Kay, a biochemist and 
manager of the company’s Biosciences 
Dept. said: “Of particular interest would 
be experiments which you feel should be 
performed on Martian life in order to 
obtain information useful in current 
scientific inquiry and as an extension 
of your own research interests.” 

“However, you will make a sub- 
stantial contribution to this program by 
simply discussing with us the feasibility 
of the ABL concept and its objectives 
in regard to your own scientific spe- 
cialty,” he added. Replies to the letter 
are expected by December. 

Beyond even the ABL in NASA 
thinking is a roving vehicle that would 
be able to move over the Martian sur- 
face, collecting and analyzing samples. 
This, however, is far from fruition. @ 
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NASA: Unmanned Solar & Planetary Missions 


Funds for New Spacecraft Expected 
To Be Included in FY ‘66 Budget 


Intensive exploration of Sun emphasized in plans calling 
for six Extended Pioneer spacecraft, first of which is set 
to be launched during 1968-69 peak solar flare period 


SPACE AGENCY officials expect to 
begin funding a new series of spacecraft 
for unmanned exploration of the Sun 
and planets in the next fiscal year. 

The first project—Extended Pioneer 
—will be launched toward the Sun dur- 
ing the maximum solar flare period in 
1968-69. Plans now call for a total of 
six spacecraft with the first funding ex- 
pected in FY 66. 

The spacecraft will be very similar 
to the Pioneer spacecraft now being de- 
veloped by TRW Space Technology 
Laboratories. It will weigh—depending 
on its mission—from 400 to 750 Ibs. 

It will be followed by the Advanced 
Pioneer, which will ultimately be the 
first solar monitor spacecraft. Officials 
now hope to get program approval and 
some funding by FY ’67. The plan is 
to launch one a year from 1972 through 
the end of the decade. In 1973, however, 
two will be launched. 

For solar missions, the spacecraft 
will weigh 400 to 500 Ibs. Preliminary 
planning calls for it to weigh 750 Ibs. 
for anti-solar missions. Power require- 
ments might be 200 to 250 watts. Solar 
cells will be used for some missions, but 
there is a definite requirement for radio- 
isotopic power. 

The new projects stem in part from 
a study by STL that indicated the Pio- 
neer space probe intended for operation 
at distances of 0.8 to 1.2 astronomical 
units from the Sun can be modified 
fairly easily for an approach to within 
0.5 au. The modified spacecraft, Ex- 
tended Pioneer, thus trespasses into the 
mission originally envisaged for Ad- 
vanced Pioneer. 

As a result, the Advanced Pioneer 
program is being delayed. When it is 
authorized, Advanced Pioncer will sur- 
vey the region between 0.3 and 0.1 au, 
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and so will virtually be the Solar Probe 
spacecraft. 

The STL study for the Ames Re- 
search Center examined the possibility 
of putting Pioneer closer to the Sun by 
use of the Jmproved Delta or the Atlas- 
Fire booster. With the second booster, 
the spacecraft can be put closer than 0.5 
au and the modifications to the space- 
craft would be relatively minor. Main 
changes are to the on-board power 
system and the thermal control system. 
There would be no change in the on- 
board communications system. The 210- 
ft. dish at Goldstone would have to be 
used for ranges greater than one million 
miles to exploit the trajectory to the full. 

Studies are also in hand to examine 
the advantages of the outward mission 
for Advanced Pioneer and also to ex- 
amine the scientific merits of going even 
closer to the Sun than 0.1 au. This latter 
is a very high velocity mission and re- 
quires a breakthrough in propulsion. 
Currently it is receiving very little at- 
tention. Ames is concentrating on Ad- 
vanced Pioneer and pressing for it to 
become an approved program in 1967. 
The advent of Extended Pioneer has of 
course weakened the chances of this 
happening. 

Ames has also carried out studies on 
a Solar Monitor, which would be an 
Advanced Pioneer spacecraft placed 
within 0.1 au of the Sun to view the 
segment of the Sun not visible from 
Earth. It would provide seven days ad- 
vance warning of solar flares, to support 
Apollo missions. There is a_ possibility 
that this mission too might be carried 
out with Extended Pioneer, with a new 
payload. 

® Booster needed—The three boost- 
ers that have received most study for the 
Advanced Pioneer mission are the A tlas- 
Agena, Atlas-Centaur, and the Titan 


HI-C, all with a currently available solid 
rocket fitted as a final stage. The A tlas- 
Agena/solid can place a 400-lb. probe 
within the orbit of Mercury, and the 
Centaur and the Titan II can extend the 
penetration to 0.28 and 0.22 au. A Sat- 
urn booster with a high energy upper 
Stage is needed to get within 0.1 au. 

The same three boosters can put the 
same payload out to 4 au, 8.5 au, and 
nearly to solar system escape, when fired 
away from the Sun. A Titan III-C/ 
solid could also put the 400-lb. payload 
22 degrees out of the plane of the 
ecliptic. 

A conceptual configuration for Ad- 
vanced Pioneer, to fit within the Agena 
shroud, consists of a closed box sepa- 
rated into two unequal parts, the upper 
and smaller portion next to the heat 
shield containing scientific instrumenta- 
tion. The lower and larger portion 
would contain power conditioning 
equipment, communications and data 
handling system, and attitude control 
system. 

The spacecraft would be three-axis 
stabilized, using Sun and Canopus sen- 
sors. 

® Equipment configurations— 
Hinged to the bottom of the body are 
four solar panels that can be folded 
back during a solar mission as the space- 
craft approaches the Sun, to prevent 
overheating of the solar cells. During 
an anti-solar mission, the cells can be 
folded forward toward normal inci- 
dence, as the spacecraft recedes from 
the Sun. For the anti-solar mission, 
double the panel area would be re- 
quired and each panel would have a 
single fold. 

A movable 4-ft. parabolic antenna 
extends from the body to provide the 
high gain link to Earth. Attached to the 
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ABOVE: Drawing of TRW Space Technology Laboratories’ Pio- 
neer spacecraft, technology for which will provide groundwork 
for later versions of NASA solar and planetary spacecraft, in- 
cluding the Extended Pioneer series of six. RIGHT: Conceptual 
configuration for Advanced Pioneer solar monitor spacecraft. 


ends of two orthogonal solar panels are 
small omni-antennas. Antennas for an 
electron density experiment are located 
at the end of another solar panel and 
the high gain antenna. 

Opposite the high gain antenna is a 
boom long enough to place the mag- 
netometer in a region where the space- 
craft-induced field is below one gamma. 
Mounted on the boom is a light thin 
plate to provide a solar pressure torque 
to counter that on the high gain antenna. 

Mounted on the body face oriented 
toward the Sun is multifoil insulation 
designed to act as a thermal barrier to 
the heat flux from the Sun. The holes in 
the shield necessary for Sun-viewing in- 
struments are kept as small as possible 
to keep heat input to a minimum. Ap- 
propriate coatings are painted on the 
body surfaces to maintain interior com- 
partments between 0° and 40°C. Ther- 
mally actuated shutters are provided on 
two surfaces to fulfill requirements of 
both solar and anti-solar missions. 

® Early model Advanced Pioneer— 
The earliest version of the spacecraft, 
to be launched by an Atlas-A gena/ solid, 
should carry a payload of 60 Ibs. of 
scientific instruments into about 0.35 au 
and communicate from there at 128 
bits/second. For the anti-solar mission, 
the spacecraft could explore the inter- 
planetary medium 1 au beyond Mars, 
within the inner region of the asteroid 
belt. Communication from this region 
would be at 16 bits per second. Beyond 
2.5 au, the spacecraft would be too 
power-limited to communicate. 

Use of the Titan III-C booster would 
put this spacecraft within 0.22 au of the 
Sun. Assuming use of an isotope power 
supply, the spacecraft could travel as 
far out in the solar system as the life- 
time of its equipment would allow. For 
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the outer mission, spacecraft weight can 
be increased to 750 Ibs., and solar cell 
area can be increased fourfold. Solar 
power could be used out to 3.5 au. By 
suitable selection of trajectory, Jupiter 
can be reached in about 18 months and 
communication over the resulting inter- 
planetary distance of 4.2 au could be 
achieved at 128 bits/second assuming 
a 9-ft. antenna and 40-watt transmitter 
tubes. 

Perhaps the most significant point 
relative to the anti-solar mission, says 
Howard F. Matthews, Chief of Ad- 
vanced Spacecraft Studies, NASA Ames 
Research Center, is that an isotope- 
powered Advanced Pioneer boosted by 
Saturn IB can explore the interplanetary 
medium beyond the orbit of Jupiter with 
reasonable mission lifetimes. The space- 
craft would be 10 au from the Sun after 
seven years flight. 

® Far out funding—Proposals have 
been made to NASA for missions to 
Mercury and to a comet, but the high 
cost of the Mars exploration program 
makes it unlikely that these will be 
funded until the latter half of the 
1970’s. 

Undoubtedly, Mercury and the com- 
ets are extremely interesting objects for 
investigation. Their composition would 
throw significant light on the origin of 
the solar system. 

By the latter half of the 1970's, the 
Jet Propulsion Laboratory expects to 
have an electrically propelled Space 
Cruiser that can deliver 500 Ibs. of sci- 
entific instruments anywhere within the 
Solar System. The 20,000-lb. vehicle 
would be launched by a Saturn 1B and 
would make use of SNAP 50/SPUR 
technology—a three-megawatt thermal 
nuclear reactor with boiler and turbine 
equipment serving a 20,000-rpm, 500- 


kw generator. Eighty per cent of the 
electrical power is used by the thrustors, 
which are expected to have specific im- 
pulse between 6,000 and 12,000 sec- 
onds. 

Design goal for the entire spacecraft 
is a lifetime of 20,000 hours. This would 
give the capability of inserting an or- 
biter around Jupiter, putting a lander 
on Saturn, and making round trips to 
Mars and Venus. 

A study made by JPL on the Jupiter 
orbiter considered a semi-axis of 1.5- 
million miles, and an eccentricity of 0.9, 
to give an orbital period of about one 
month and a closest approach of about 
112,000 miles. Taking into account pas- 
sage time to Jupiter, there would be a 
capability for two complete orbits about 
Jupiter, within the power plant lifetime. 

A major problem foreseen for the 
spacecraft is protection of the heat radi- 
ator tubes from micrometeorites. 

Flight times to Jupiter and Saturn 
would be 630 and 930 days. 

@ Pluto by 1984—One mission that 
the Space Cruiser makes possible is a 
fly-by of Pluto in the 1984-5 period 
when it makes its closest approach to 
the Sun. At this time, it will be inside 
the orbit of Neptune. As Pluto takes 248 
years to complete its orbit the oppor- 
tunity to examine it at closest approach 
is somewhat infrequent. If this oppor- 
tunity is to be taken with a chemical 
booster, it should already be on its way. 
Use of electrical propulsion provides a 
breathing space of some 15 years for 
development of the vehicle. 

The Space Cruiser has also been 
suggested as suitable for intercepting 
Halley’s comet in 1985-86—the “Comet 
Chaser” mission. This will call both for 
rendezvous and plane change and is an 
extremely high energy mission. | 
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Alcoa capability 

at work... 

gifted newcomer 
promises 
out-of-this-world 
performance 

on Saturn and LEM 


What material did they pick for the 
Saturn 5 first stage? For the LEM 
(Lunar Excursion Module)? The de- 
signers’ choice was 2219*, a new 
aluminum alloy from Alcoa. 

Here’s how alloy 2219 performs: 
It’s the strongest conventional alu- 
minum alloy in the 500-600°F heat 
range. At temperatures as low as 
—4A23°F, it has a tensile strength of 
92,000 psi. It resists stress corro- 
sion cracking and it gets along 
nicely with current fuels and oxi- 
dizers. It has good ballistic charac- 
teristics. Alcoa® Alloy 2219 is easy 
to work. Easier to weld. 2219 weld- 
ments also give good performances 
at sub-zero and elevated tempera- 
tures. 

World's biggest light-metals work- 
shop. It’s Alcoa's. No other basic 
producer can match our facilities or 
knowledge. We can fabricate alumi- 
num by any known method—rolling, 
casting, forging, impact, extrusion 
—we’re not married to a single 
process. Alcoa's strong on research, 
development engineering and test- 
ing. Can you use our capabilities? 
Write Aluminum Company of 
America, 1027-L Alcoa Building, 
Pittsburgh, Pa. 15219. 


*Y.S. Patent No. 2,706,680 


NASA: Earth Satellites 


Radio Astronomy Explorer Program 
Approval Regarded as Imminent 


Funds will come from FY ‘66 budget; Advanced OSO also 
expected to get full development money, but OSO may 
be retained as a solar monitor; OAO still on for 1965 


NASA EXPECTS to launch six 
Radio Astronomy Explorers to investi- 
gate the lower end of the radio-fre- 
quency (RF) emissions from. stellar 
sources. Program approval for RAE is 
expected shortly, and the effort will be 
funded in the Fiscal Year 1966 budget. 
Total cost of the program is estimated 
at $14 million. 

Also, the Advanced Orbiting Solar 
Observatory is expected to move into 
full-scale development in the next Fiscal 
Year. NASA so far has funded the 
AOSO at a level that allowed only de- 
sign refinement and some component 
development. 

Even with AOSO_ scheduled to 
come into the solar physics program in 
1969-70, NASA is seriously considering 
continuing OSO in the space sciences 
program as a solar monitor. The agency 
had previously planned some overlap of 
OSO with AOSO, but with the former 
phasing out as AOSO reached an opera- 
tional status. 

The Orbiting Astronomical Observa- 
tory, which is still scheduled to fly in 
1965, will continue investigations of the 
ultraviolet spectrum through the fifth 
spacecraft. Emphasis is then expected 
to shift to the infrared region. Three 
flight spacecraft and their experiments 
have been authorized. Nine OAO’s, car- 
rying the program through 1974-75 are 
envisioned. 

Other space sciences flight programs, 
including the Orbiting Geophysical Ob- 
servatory (OGO), the Interplanetary 
Monitoring Probe (IMP), and the Ex- 
plorers are expected to be continued 
well into the 1970's. Geodetic satellites, 
both active and passive, will also come 
into the program. Sounding rocket ef- 
forts are expected to continue at a rate 
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of about one hundred launches per year. 

@® RAE program—First efforts in 
the Radio Astronomy Explorer program 
will be to investigate the RF spectrum 
in the frequency region of less than 3 
mc. Below this, the ionosphere blocks 
ground-based observations, and in order 
to measure this region, the antenna must 
be placed above the ionosphere at an 
altitude of about 6,000 km. 

Theory suggests that the intensity of 
the signal from stellar sources should 
drop off with decreasing frequency, but 
except for some limited measurements, 
this has not been proven. Dr. Frederick 
T. Maddock, Jr., of the Radio Astron- 
omy Observatory, University of Michi- 
gan, has flown some instruments on 
sounding rockets to measure the radio 
sources at 0.5-2.0 mc. and experiments 
are being included on the Eccentric-orbit 
Geophysical Observatory (EGO) and 
Polar Orbit Geophysical Observatory 
(POGO). However, RAE is needed for 
a systematic investigation of this fre- 
quency band. 

The Radio Astronomy Explorer is a 
280-lb. spacecraft, which, once in orbit, 
unfurls two 750-ft. V-antennas. The an- 
gle subtended by the V is ten degrees. 
The spacecraft will be launched on a 
Delta booster and will be inclined at 50 
degrees to the equator. Goddard Space 
Flight Center is expected to build the 
first two spacecraft and industry the re- 
maining four. 

RAE is the “first beginning step in 
the program,” Dr. John Naugle, director 
of Geophysics and Astronomy Pro- 
grams said. Terming the spacecraft 
“crude,” Naugle said that the next step 
would be to find some way to hook two 
of these spacecraft together so that an 
elementary interferometer results. 


As to the direction of the radio as- 
tronomy effort beyond RAE, it is diffi- 
cult to know, he said. It is likely, how- 
ever, that the program will evolve into 
an observatory, since this has been the 
evolutionary direction of scientific pro- 
grams in the past—from sounding 
rocket to explorer to observatory. At 
the higher end of the RF spectrum, 
above about 10,000 me, a radio astron- 
omy satellite would take a more con- 
ventional antenna shape. This would be 
a parabolic or dish-type receiver. Studies 
are under way to determine exactly what 
is required at the higher end of the 
spectrum. 

® University explorers—Another 
program awaiting the approval of Dr. 
Robert Seamans, NASA Associate Ad- 
ministrator, is the university explorer. 
This is a satellite program to extend to 
scientists in universities, non-profit in- 
stitutions and industry an opportunity to 
conduct space experiments. Essentially, 
the idea is to extend to orbiting vehicles 
the opportunities for experimentation 
that exist in sounding rockets. 

These satellites, once the experiment 
is accepted, would be built by the ex- 
perimenter or by NASA if he is not 
able to do the job. Launches of payloads 
up to about 200 lbs. on Scout boosters 
are planned. NASA estimates that the 
cost per experiment would run $3-5 mil- 
lion for the payload and launch vehicle. 

One experimental payload has al- 
ready been suggested and approved by 
various NASA officials through Dr. 
Homer E. Newell, director of Space 
Sciences and Applications. Eventually, 
the program would support a launch 
rate of about four university explorers 
per year. It is expected to take 3-4 years 
to achieve that rate, however. 
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This is as close as the agency feels 
it can come to the “payload allocation” 
recommendations of the space sciences 
summer study group that met at the 
State University of Iowa in 1962. This 
group had recommended that NASA set 
aside satellite space and power for an 
experimenter and allow him to fill it. 

@ OSO and AOSO—The corner- 
stones of the solar physics effort, OSO 
and AOSO, are emerging as complemen- 
tary spacecraft rather than competing 
or one being a more advanced version 
_ of the other. The objectives of AOSO 
are to provide detailed studies of active 
regions of the Sun with a pointing ac- 
_ curacy of 5 arc sec. 

The 1,250-lb. spacecraft will be 
launched into polar orbit and will there- 
fore provide continuous coverage of the 
solar disc. AOSO also provides a tool 

for detailed studies of the ultraviolet and 
X-ray spectra of the Sun. NASA does 
_ foresee a requirement in the future for 
even finer pointing of instruments at 
discrete areas of the Sun. 

With this fine-pointing accuracy, “it 
would not be a good use of AOSO” to 
use it as a solar monitor, Naugle feels. 
Yet, it is the radiation from the whole 
disc that determines the atmospheric 
heating of the Earth and the electron 
density of the ionosphere. 

So it appears to make sense to use 
OSO as a solar radiation monitor while 
AOSO makes detailed analyses of the 
Sun. Launch costs for a monitoring OSO 
are estimated at $10-12 million. 

A decision in this direction has not 
been made and does not have to be 
made for several years. The OSO pro- 
gram now extends through 1969 with 
a total of eight spacecraft planned. Only 
five of these, however, have been au- 
thorized—including one that has al- 
ready been launched. Congress cut funds 
from the FY ’65 budget that would have 
allowed procurement of the last three 
spacecraft. ~ 

® OGO and OAO programs—To 
continue at least throughout the next 
decade, the Orbiting Geophysical Ob- 
servatory is expected to gain in sophisti- 
cation of scientific instrumentation and 
also to take advantage of advances in 
spacecraft technology. NASA now has 
approval for six spacecraft and has con- 
tracted for five of them. The last of 
the authorized OGO’s will be bought in 
the FY ’66 budget. 

Experiments have been selected for 
the first four OGO’s, and a tentative se- 
lection of the majority of the payload 
has been made for OGO-E. Final selec- 
tion of this payload, however, depends 
on results of experiments on OGO-A— 
now in orbit. A final decision on this 
payload is to be made in the first part 
of 1965, and a tentative selection of 
OGO-F experiments by mid-1965. 
Present NASA planning calls for 
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five more geophysical observatories be- 
yond the present program. First buy on 
these spacecraft is expected in Fiscal 
1967. Launch rate depends on the an- 
ticipated lifetime of the satellite, but 
basically the planning calls for one EGO 
and one POGO to be launched per year 
—with at least one of each operating in 
orbit at all times. 

Although NASA plans to keep the 
spacecraft as standardized as possible, 
it foresees “somewhat individualistic” 
OGO’s beyond the first four. This arises 
from the desire to tailor the spacecraft 
to the science and to progress to more 
sophisticated payloads to more ade- 
quately explore the Sun-Earth relation- 
ships. There are no plans to go beyond 
the Atlas-Agena as the OGO launch 
vehicle. 

One possibility under consideration 
is the launching of an OGO spacecraft 
into a highly elliptical polar orbit for 
further exploration of the Earth environ- 
ment. 

NASA is still trying to hold a last 
quarter 1965 launch date for the first 
Orbiting Astronomical Observatory, but 
there are several development problems 
still to be completely solved. Primary 
among these are the star trackers and 
the Smithsonian experiment. 

Six star trackers are used on OAO 
to point the spacecraft with an accuracy 
of 0.1 sec. of arc. These are the heart 
of the stabilization and control system 
and the spacecraft cannot be launched 
without them. As yet, no OAO star 
tracker has been fully qualified. Various 
components have passed qualification 
tests, but the entire star tracker subsys- 
tem has not. The main difficulty lies in 
the ability of the system to successfully 
complete the vibration test. There is a 
feeling, however, that OAO is close to 
a solution of this problem. 

The other difficulty is in the Smith- 
sonian Institution’s experiment package. 
This experiment uses four vidicon tubes 
to map the sky in the ultraviolet. These 
tubes are the critical item. The problem 
is primarily in getting enough good 
tubes for the package. Rejection rate on 
tubes of this quality is extremely high, 
and therefore part of the problem is in 
producing enough tubes for various test 
units and flight experiments. The Wis- 
consin flight experiment package has al- 
ready been delivered to Goddard. This 
is a companion experiment to the 
Smithsonian one. 

NASA plans to ask for authoriza- 
tion to procure spacecraft four and five 
in the FY °66 budget. Launch rate for 
OAO is one every 12 months. Theoreti- 
cal studies are also expected to get 
under way so that emphasis can be 
shifted to the infrared beyond spacecraft 
five. Experiments have not yet been 
selected for the final two ultraviolet 
OAO’s. 


@ Beefed-up Explorer—one of the 
areas that shows promise for the future 
is the development of highly sophisti- 
cated Explorers for more difficult spe- 
cial missions. These payloads would be 
such that to fly them on OGO would 
be an inefficient use of that spacecraft 
and yet they would be important 
enough to justify launch. 

To this end, NASA is exploring the 
use of microelectronics in the small 
special-purpose satellites to boost sig- 
nificantly the data rates obtainable. 
These satellites are visualized as weigh- 
ing about 300 Ibs. and able to be 
launched on Scout vehicles. It will be 
two to three years, however, before the 
space agency starts to develop these 
more sophisticated Explorers. 

The approved program for Explor- 
ers is 25 spacecraft, broken down as: 
three aeronomy satellites, five iono- 
spheric physics experiments, nine en- 
ergetic particles, four geodosy and four 
international satellites. This carries the 
program through 1969. Beyond that, 
the Explorer program is expected to be 
sustained at an average of 12 launches 
per year. 

@ IMP, continuing importance— 
There are five, excluding the two now 
in orbit, Jnterplanetary Monitoring 
Platforms planned in the space pro- 
gram. There is every intention, how- 
ever, to continue this program and to 
expand its possible uses. JMP, in a 
highly eccentric orbit, gives one point 
in space at which measurements of the 
cislunar environment can be made over 
a significant portion of the solar cycle. 

This point, near Earth, allows cor- 
relations to be made between /MP re- 
sults and those obtained in such pro- 
grams as Pioneer and Extended Pioneer, 
which approach closer to the Sun. 

In the geodetic satellite class, there 
are two programs under way. The first 
is GEOS, a 360-lb. active satellite based 
on the ANNA program. This space- 
craft provides a triangulation point in 
space for determining distances and 
positions on Earth—a flashing light 
beacon for optical measurements and 
beacons for radiometric fixes. A corner 
reflector for laser experiments is also 
included. Two spacecraft are scheduled 
for launch, with the first planned for 
the last half of 1965. An improved 
Thor-Delta will be used for the launch. 

The second geodetic program is 
PAGEOS—a passive satellite that can 
be skin-tracked. Two of these satellites 
are also planned. Each will be placed 
into a 2,000-km orbit. Measurements 
are expected to lead to a better under- 
standing of three intimately related 
characteristics of the Earth: its ellip- 
soid, its geoid and its gravitational po- 
tential. QO 
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NASA: Applications Satellites 


Advanced Technology Series, Possible 
NavAid Program Highlight Future R&D 


Meteorological systems, dominant at present, will complement 
ATS development; latter project will cover 20 


INITIATION of the Applications 
Technology Satellite (ATS) series and 
the possible start of a Navigational-Aid 
Satellite program in Fiscal Year 1966 
will comprise NASA’s long-range R&D 
effort for the next decade in the fields 
of meteorology, communications, and 
NavAid satellite technology. 

ATS is now in development. Pro- 
viding up to 20 major experiments in 
both medium-altitude and synchronous 
orbits, the orbiting laboratories will con- 
tribute to each of the three applications- 
satellite programs. 

Major emphasis in this field today 
is on meteorological satellite systems. 
Both Tiros and Nimbus will be used ex- 
tensively to perform continuing experi- 
ments to develop hardware and tech- 
niques for at least the next five years, 
thus complementing future ATS mis- 
sions. 


APPLICATIONS TECHNOLOGY 
SATELLITE 


SOMETIME in late 1966 or early 
1967, NASA will launch its first Ap- 
plications (formerly called Advanced) 
Technology Satellite aboard an Atlas- 
Agena. It will be the first of perhaps 
as many as five vehicles designed to test 
equipment and techniques for use in 
other satellites—in essence, unmanned 
orbital laboratories. 

Directed by Goddard Space Flight 
Center, the program will strive to de- 
velop improved subsystems for meteoro- 
logical, communications and naviga- 
tional-aid satellites of the future. The 
total program, including three satellite 
flights, experiments and _ supporting 
ground systems, has been authorized to 
spend about $120 million. A decision 
will be made laser concerning the need 
for two more vehicle flights, pending 
results of the earlier orbital experiments. 


Hughes Aircraft Co., under a $37- 
million contract, will design, develop 
and build two prototypes and five flight 


systems, plus several engineering models 
for dynamic and environmental testing. 
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Looking much like an oversized 
Syncom satellite, ATS will measure 66 
in. high by 59 in. in diameter and weigh 
about 700 Ibs., without experimental 
packages and the apogee kick motor. 
The experiments will weigh from 150 to 
200 lbs.; total expected weight, motor 
included, will be about 1,550 Ibs. 

The ATS payload ring will be quar- 
tered, thus permitting four experiments 
per flight, as well as test antennas and 
gravity-gradient booms. If five vehicles 
are employed, experiments break down 
as follows: communications (5); envi- 
ronmental (radiation) measurements 
(3); gravity gradient (3); meteorologi- 
cal (5); and four scientific packages not 
yet selected. 

In addition to its vehicle responsi- 
bility, Hughes will develop the com- 
munications experiments for all flights 
that will be used to transmit wideband 
data to ground stations. Also, the firm 
will develop an electronic flight phased- 
array for testing. 

The five proposed flights include 
three distinct missions: |) the Medium- 
Altitude Gravity-Gradient Experiment 
(dubbed MAGGE); 2) two Synchro- 
nous-Altitude Spin-Stabilized Experi- 
ments (SASSE); and 3) two Synchro- 
nous-Altitude Gravity-Gradient Experi- 
ments (SAGGE). 

MAGGE will be placed in a 6,000- 
mi.-altitude, circular orbit at a 28 to 
30-degree inclination. All synchronous 
orbits will be equatorial. Launches will 
be roughly at six-month intervals from 
the Eastern Test Range and each ATS 
will be designed for a three-year opera- 
tion in orbit. Thus, for at least some 
portion of the program, all five vehicles 
could be in orbit simultaneously. 

@ Supporting ground stations—AT7S 
will require its own ground stations, lo- 
cated at Goddard’s Rosman, N.C., 
satellite tracking complex and using an 
85-ft. paraboloidal antenna; the Mojave, 
Calif., tracking station, using a 40-ft. 
dish; and at a site in the Pacific (either 
on Guam or in Australia), using a trans- 
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portable facility with a 40-ft. reflector. 

For the Rosman site, Westinghouse 
is integration contractor. Sylvania is 
developing the transportable station and 
Goddard included an option under this 
contract for system integration at Mo- 
jave. Raytheon will supply 10-kw, sin- 
gle-sideband FM transmitters. 

Rosman will be the principal data 
collection point and will use a Nimbus 
processing center to direct meteorolog- 
ical data in real-time to Goddard. 

All sites are scheduled to be opera- 
tional by mid-1966. They will support 
all the experiments, evaluate multiple- 
access performance and verify FM 
modes of communications, and check a 
new Range and Range Rate system 
(contractor for this work is not yet 
selected, but the system will be designed 
tor an accuracy of 1.5 meters in range, 
0.01 meters per second in range rate). 

@ ATS experiments—MAGGE and 
SAGGE will be used to test a General 
Electric Co. gravity-gradient stabiliza- 
tion system at medium and synchronous 
altitudes. Booms will measure 100 ft. 
and weights will be varied. 

TV cameras will be used to measure 
boom deflection and solar sensors em- 
ployed to check attitude in the first two 
ATS's. In the next three spacecraft, 
different booms will be used and both 
infrared sensors and a simple interfer- 
ometer will be used to determine ac- 
curately the perturbations in space. 

Communications packages in all ve- 
hicles will be essentially the same. 
MAGGE will carry a dual-mode trans- 
ponder (frequency translator) and a 
single sideband radio experiment. Ac- 
tually, there will be one experiment for 
comparison of two modes—primarily 
SSB multiple-access performance ca- 
pability. The system also will be used 
for telermetering other experimental data 
and will perform a Range and Range 
Rate function. 

A ground linear accelerator (for the 
transmitter) is being developed for the 
SSB tests. 
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Unless an unforeseen problem arises, 
the same communications package will 
be used in each vehicle, but with differ- 
ent antennas. The spin-stabilized SASSE’s 
will be provided with an electronically 
de-spun antenna and a mechanically de- 
‘spun antenna. The SAGGE’s probably 
will employ a horn or dish-type antenna 
with narrow beamwidth. 

Two goals will be sought with the 
meteorological packages in the ATS 
‘program: 1) obtain full-Earth-disc 
photos to determine the desirability of 
‘using a synchronous-orbit vehicle for 
Meteorological applications, 2) deter- 
mine the effect of meteorological sys- 
‘tems on the gravity-gradient stabiliza- 
tion system. 

The meteorological package in 
MAGGE will include two versions of 
the RCA Nimbus-type Advanced Vidi- 
con Camera System (AVCS)—one 
lens will provide a full-Earth disc and 
_the other probably will be a high-reso- 
‘lution assembly (0.5-1 mi.). The sys- 
‘tem will include a tape recorder for 
data storage until playback over the 
| Rosman station. 
| Make-up of the meteorological 
_packages for the SASSE’s is still in 
doubt, but they will be the same in 
each vehicle. Image motion compen- 
sation will not be developed, but God- 
dard is considering use of a scanning 
system using vehicle spin and a rotat- 
ing mirror for two-axis scan. A line 
scan camera probably will be used. 

The SAGGE’s are expected to em- 
ploy two AVCS each, with 1-in. vidicon 
tubes. One spacecraft will carry a pair 
having one full-Earth disc lens and one 
high-resolution lens. The other will 
caIry a camera pair using one full- 
Earth disc lens and one zoom lens. For 
the latter, a selectable-area, two-degree- 
o{-freedom mirror system will be de- 
vised for use in front of the lens. 


SYNCHRONOUS METEOROLOGICAL 
SATELLITES 


BOTH TIROS AND NIMBUS 
meteorological satellites are expected 
to be used for some time by NASA as 
R&D vehicles. Present plans include 
up to 11 Tiros-type missions and a 
minimum of two Nimbus-type launches. 
But much of the advanced R&D will 
be centered on determining the prac- 
ticality of synchronous-orbit Metsats. 

RCA, Hughes and Republic last 
year completed studies of the approach. 
Several tests in space are now planned 
to provide more data. Tiros-K, for ex- 
ample, will be launched next year into 
a highly elliptical orbit with a 22,300- 
mi. apogee. This will provide nearly 
three hours of full-Earth-disc photo 
coverage, simulating that obtainable 
from a synchronous satellite. 

In any event, a Synchronous Metsat 
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FULL-SCALE MODEL of new Applications Technology Satellite resembles an over- 
sized Syncom. Under development for NASA’s Goddard Space Flight Center by Hughes 
Aircraft Co., the 700-Ib. vehicle is slated to be launched on its first flight in late 1966 


in a medium-altitude orbit. 


development will not be pressed until 
experimental results are obtained from 
the ATS missions. The latter will not 
be completed until the early 70’s. 

Neither the need for nor the eco- 
nomic feasibility of a Synchronous 
Metsat has yet been demonstrated. 
Supporting 24-hour-satellite ground sta- 
tions would be costly. 

The advancement of Metsat data- 
collection systems is being pressed. 
High-resolution infrared cameras show 
promise, since they are capable of meas- 
uring cloud tops and heights. More 
studies are needed to determine the 
optimum portion of the spectrum. 

Direct readout of infrared at exist- 
ing APT (Automatic Picture Transmis- 
sion) system ground stations may be 
possible, providing nighttime cloud- 
cover data. Goddard also is studying 
the use of an IR interferometer to pro- 
vide a sweep across the spectrum for 
temperature profiles of the atmosphere. 

Bids from industry have been in- 
vited by Goddard for development of 
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IRLS (Interrogation, Recording and 
Locating Systems). This approach in- 
volves use of a spacecraft receiver to 
operate with remote ground and pos- 
sibly atmospheric sensors to collect 
local weather inputs for re-transmission 
to other meteorological data-receiving 
centers. Nimbus-B may be employed to 
test such a system. 

Data could be included with APT 
system photos to complete the identify- 
ing information presented: time, loca- 
tion, orbit and look angle. With such 
composite data, local forecasting station 
efficiency could be significantly im- 
proved. 

Another approach being considered 
is loading a Metsat with ground-proc- 
essed data for global sharing of weather 
data, thus reducing the present com- 
munications overload. 


SATELLITE COMMUNICATIONS 
PROJECTS 


GODDARD’S PRESENT efforts in 
the field of satellite communications 
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INTERFEROMETERS 


GRAVITY—GRADIENT 
STABILIZATION 


TWO PROPOSED NavAid Satellite approaches are being studied by NASA. TOP: Gen- 
eral Electric would employ 16-24 paired satellites at medium altitude, using a pulsed 
repeater technique for position determination. BOTTOM: Westinghouse would utilize 
as many as five synchronous-orbit spacecraft and an interferometric approach for range 
and angle measurements. 


technology are primarily associated with 
general techniques and specific hard- 
ware development for a 24-hour orbit 
capability. 

The program began with Syncom 
development and moved to development 
of a five-year-operating Advanced Syn- 
com, but the emphasis changed with the 
creation of the C. mmunications Satel- 
lite Corp. 


NASA has a broav mandate to de- 


velop and keep up with -of-the-art 
technology in the field, but it is no longer 
attempting system development. It has 
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demonstrated satellite communications 
between large terminals. Goddard will 
next initiate small-terminal studies and 
determine what techniques are needed. 
These investigations will seek to deter- 
mine small-station power capabilities, 
aiming and concentration of RF energy, 
and multiple-access techniques. 

NASA expects to do some work for 
the ComSat Corp., and it will support 
DOD in its military communications sat- 
ellite program. Goddard is currently in- 
volved with DOD in a $5-million grav- 
ity-gradient test project. The Air Force 


will provide the test vehicle and NASA 
will monitor the experiments. 


NAVIGATION-AID SATELLITES 


A YEAR AND A HALF AGO 
NASA began looking into the use of 
satellites for a non-military global navi- 
gation-aid system to assist aircraft and 
surface vessels. Two early study con- 
tracts performed by General Electric 
and Westinghouse proved system feasi- 
bility. 

It was also determined that by in- 
creasing the communications capability 
in such a Navsat system, international 
aircraft traffic control might be better 
effected. The most urgent need is for 
North Atlantic coverage; however, the 
system contemplated would have a 
global capability. 

Two principal systems would be re- 
quired: a lightweight, reliable instru- 
mented satellite and a ground computer 
complex to process and support traffic 
control. Possible approaches already 
proposed to NASA are numerous, but 
two appear dominant. 

General Electric has recommended 
a medium-altitude (6,000-mi.) system 
employing 16-24 satellites for early im- | 
plementation of an operational system. 
Its ranging approach would require the 
use of two satellites, at any given time 
and location, to relay position data to 
and from the vessel or aircraft and the 
control center. 

The Westinghouse approach calls for 
at least five satellites in synchronous or- 
bits to provide complete Earth cover- 
age. Three would be geostationary, 120° 
apart, and the other two would cover 
the polar regions. A single satellite, 
Westinghouse suggested, could cover 
the North and South Atlantic if it were 
located at about 33°W longitude. 

Each vehicle would be provided 
with two long-extended interferometers 
capable of providing range and two | 
angles for position determinations. It, 
too, would communicate as a two-way 
relay between control center and vehicle. 

Both systems would provide a 1- 
n.mi. accuracy in latitude and longitude. 

An ad hoc Joint Navigation Satellite 
Committee has been created to represent 
potential users—the Commerce Dept., 
Interior Dept., Treasury Dept., and Fed- 
eral Aviation Agency. Temporary chair- 
man is Leonard Jaffee, director of 
NASA’s Communications and Naviga- 
tion Program division, Office of Space 
Sciences and Applications. 

Under the present agreement, all or- 
ganizations will pool information, deter- 
mine requirements, and compare system 
approaches. The study, initiated in Oc- 
tober, is scheduled for completion by 
next summer. : 

Present plans call for a program- 
definition-phase contract award in FY 
°66, if the report is favorable. a 
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Nation’s Largest Space Simulator— Now Under Construction 


Designed...for NASA 


NASA Lewis Research Center’s Space Propulsion Facility is designed to 
simulate outerspace environment, including hard vacuum, cryogenic tem- 
peratures, and solar radiation within an inner test chamber —100 feet in 
diameter and 122 feet high. It incorporates capability for testing full-scale 
nuclear and non-nuclear spacecraft, nuclear power generation and electric 
propulsion systems. KE’s assignment —feasibility studies, design criteria, 
preliminary nuclear hazards report, detail design, construction specifica- 
tions. Kaiser Engineers is proud to be a member of the NASA team which 
developed this advanced facility. KE also numbers among its clients the 
AEC, Air Force, Army Corps of Engineers, Navy Bureau of Yards and Docks, 
and leading aerospace industry firms. 


KAISER architects/engineers and constructors 
ENGINEERS 20:2 cutens 
Washington, D.C., Los Angeles, New York, Pittsburgh, Chicago 
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The traffic is heavy with Pesco hardware . . . complete 
cryogenic propellant systems ... hydraulic power supplies 
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S omebody ... Jet engine fuel pumps... and environmental control 


equipment. Pesco products do their jobs quietly... 
up there efficiently ... reliably. No wonder someone up there likes 
e Pesco ...it could be you. Pesco’s long experience in solving 
like Ss propellant, hydraulic power or cryogenic system problems 

is yours for the asking. 


Pesco” 


PESCO PRODUCTS DIVISION Borg-Warner Corporation 


24700 North Miles Road, Bedford, Ohio 
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CRYOGENIC 
PROPELLANT SYSTEMS 


Pesco designs complete cry- 
ogenic propellant handling 
systems for space vehicles 
. » « cryogenic drives, elec- 
tric motors and generators, 
zero-G separators, vent 
valves and chilldown, trans- 
fer and booster pumps. 


HYDRAULIC 

POWER SUPPLIES 

High speed piston or gear 
pump systems provide con- 
tinuous hydraulic power for 
high performance aircraft, 
missiles and spacecraft. 


JET ENGINE 

FUEL PUMPS | 

Lightweight high speed jet 
engine pumps deliver fuel at 
pressures up to 1500 psi for 
long periods without appre- 
ciable falloff in performance. 


ENVIRONMENTAL 
CONTROL EQUIPMENT 


Cryogenic cooling packages, 
thermo-electric coolers and 
axial flow fans for aircraft, 
missiles, spacecraft and 
electronic systems. 


Complete literature on any of these products will be sent to you upon request. 


aerospace 
equipment 
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BORG 9 WARNER 


onin’s RELIABILITY TESTING 


ee 


is your guarantee of 
trouble-free plant operation 


HYDROSTATIC TESTING of a 6”, 10,000 
PS] throttling control valve assures a leak- 
proof body assembly. 


= 
MASS SPECTROMETER TESTING of a 
vacuum jacketed valve for liquid hydrogen 
service insures integrity of welds. 


COMPARATOR MEL SUR serait 


of intricate parts ‘typifies Annin's rigid 
inspection procedures for dimensional 
accuracy, 


SEAT LEAK TEST with the body cold- 
soaked at liquid nitrogen temperature of 
—320°F calls for a bubble-tight valve. 


C NCE TESTING of a 
large cryogenic valve in a ‘‘clean room" 
enclosure assures satisfactory in-service 
operation. 


ER-ALL FE 


ANNIN'S OWN FLOW TESTS on standard 
control valves up to 10” size measures 
valve capacity and achieves better flow 
characteristics. 


1 -yatt) pececpnaic 


FREQUENCY RESPONSE TEST of an elec- 
trohydraulic actuator is part of over-all 
performance evaluation of an electronic 
control package. 


Contact The Annin Company, 1040 S. Vail Avenue, Montebello, California, or call 
our local representative in the Yellow Pages for the major trading center in your area. 


THE ANNIN COMPANY —A DIVISION OF rd WORTHINGTON CORPORATION 
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NASA: Advanced Research & Technology 


Engineering Technology Satellite Among 
Four New OART Flight Programs 


Martian entry, orbital scanner, high-speed RAM also under 
study; environment testing to move out of simulators into 
near-Earth orbit; low-thrust engines getting new emphasis 


SEVERAL IMPORTANT new 
flight programs are now under study 
within NASA’s Office of Advanced Re- 
search and Technology, an indication 
of the coming push by OART to gradu- 
ate testing of future space systems from 
the chambers and simulators into the 
real environment of near-Earth orbit. 

Virtually all of these programs will 
have an important bearing on OART’s 
contribution to post-Apollo projects. In- 
cluded among the flight programs, all 
of which may get initial funding in 
FY’66, are: 

—An Engineering Test Satellite— 
This will be designed to provide OART 
with its own orbital test-bed to operate 
a very broad range of new space sys- 
tem experiments and equipments not 
necessarily linked to specific projects— 
such as will be the case with systems 
tested aboard the Office of Space Sci- 
ence and Application’s (OSS&A) Ap- 
plications Technology Satellite. This 
latter satellite was originally known 
as the Advanced Technology Satellite. 
Observers feel that ETS has a good 
chance for initial study funds in FY’66, 
but may have to wait for the FY’67 
budget for the major development ef- 
fort. 

—A Martian Entry Program—Sug- 
gested as a logical first step to a Mars 
landing, this project would call for 
development of a new entry vehicle and 
new instrumentation. It would be flight 
tested using the upper portions of the 
Earth’s atmosphere to simulate the 
Martian atmosphere. 

Although the approach to this pro- 
gram is still not settled, the basic in- 
tent is to develop a vehicle that is not 
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just capable of entry into an atmosphere, 
but one that can measure and calibrate 
the atmosphere and deceleration rates 
on the way in. Because the Martian at- 
mosphere is less dense than Earth’s it 
is likely that a completely new entry 
vehicle would have to be developed, in 
addition to new instruments to make 
the desired measurements. 

NASA scientists feel that an at- 
tempt to use the upper portions of the 
Earth’s atmosphere is a logical and 
thrifty first step, although it would 
not represent a complete simulation 
because scale height and atmospheric 
constituents are not exactly similar to 
those of the Martian atmosphere. (Scale 
heights, however, can be coinpensated 
for by the entry angle). 

—Orbital Scanner—Basically an ex- 
pansion of OART’s already initiated 
scanner project, the new program would 
provide a small satellite for long-dura- 
tion testing of new techniques and sen- 
sors for horizon scanning. The flights 
in the original program were all bal- 
listic shots, giving the space agency only 
a relatively few minutes to gather data. 

A small satellite placed in orbit 
possibly by a Scout vehicle would pro- 
vide the long-term study NASA needs 
to find out both what the horizon really 
looks like and which one of the many 
possible wavelengths and sensing tech- 
niques may be the best way to sense it 
from space. 

NASA has said often in recent 
months that it will explore several 
means other than traditional infrared 
measurement techniques in an attempt 
to improve the current fairly low ac- 
curacy methods. Ultraviolet radiation, 


visible air glow, and radio-frequency 
measurements have all been mentioned 
as possibilities in the quest to bring 
current 1 to 2-degree accuracies down 
to the order of 0.1 degree. 

—High-Speed RAM (Re-Entry At- 
tentuation Measurement) program— 
This is another expansion of a program 
already set in motion, but an increase 
that would extend the body of existing 
data on high-speed re-entry into the re- 
gions that should be encountered in 
manned return from lunar and plane- 
tary distances. The RAM flights made 
thus far have only been to Earth re- 
entry velocities of 18,000 fps, in the 
neighborhood of the Mercury re-entries. 

By using a larger Scout vehicle, 
NASA wants to push the RAM pro- 
gram incrementally to speeds of 35,000 
fps, at which the Apollo capsule is ex- 
pected to return, while covering Gemini 
speeds on the order of 28,000 fps en- 
route to the Apollo levels (though not 
in the same flight). By adding a Thor- 
Delta to the program, scientists specu- 
late they can begin to approach the 
70-75,000 fps re-entry speeds that are 
expected to accompany manned return 
from planetary distances. 

There is considerable concern among 
space agency scientists as to the feasi- 
bilities and techniques required to bring 
manned spacecraft safely back to Earth 
from these super-circular velocities 
(M/R, Oct. 19, p. 41). 

@ Shift in emphasis—In addition to 
these programs, within the broader on- 
going categories of research into which 
OART divides its effort (propulsion, 
space power, electronics and control, 
space vehicles, and human factors), 
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“there are several specific areas which 

will remain as part of a continuing pro- 

gram but which will undergo significant 

hanges in emphasis in the near future. 
hese include: 

® Propulsion—IJn this area, OART 
is expected to significantly expand its 
efforts at both ends of the power spec- 
trum. For advanced planetary probes, 
solar probes, and manned flights to 
planetary distances, velocity require- 
ments will reach out to possibly 130,000 
fps. In combination with these very 
high AV’s will be a restraint imposed 
by the long mission duration. 

Together, these requirements will 
demand more emphasis on studies of 
new fuels, but particularly a search 
for those especially suitable for long- 
term storage aboard space vehicles. Not 
only will basic fuel research expand but 
also studies into improved storage tech- 
niques, especially long-term storage of 
cryogenic fuels, which now can only 
be. stored for a relatively few hours. 
This is true of hydrogen fuel storage 
aboard the Saturn. 

Exploitation of the lunar surface 
as a post-Apollo project could also be- 
come critically dependent upon the 
ability to store fuel under the widely 
varying lunar temperatures that sci- 
entists point out range between —200° 
F and near +200°F. for periods of 
two weeks at each limit. 

@ Low-thrust engine push—Perhaps 
the largest expansion in OART propul- 
sion effort is expected in the area of 
small, very-low-thrust engines, an area 
One scientist told MissiLEs AND ROCK- 
ETs has received too little effort in the 
past. NASA is especially interested in 
engines capable of thrust levels from 
very small fractions of a pound each to 
perhaps a few pounds, primarily for 
use in attitude-stabilization systems 
aboard forthcoming long-life satellites. 
Electrostatic or ion thruster develop- 
ment, in addition to other concepts, is 
likely to be pursued more vigorously. 

@ Space power—Several traditional 
stumbling blocks to higher powered, 
more efficient, on-board supplies will be 
attacked in this area. 

—Solar cells—While the major ef- 
fort of improving these devices con- 
tinues to go on in industry, NASA is 
expected to step up its efforts in the 
area of deployable solar cell arrays that 
can be packaged in relatively small 
spaces aboard a spacecraft and then 
“unfurled” into sheets of active solar 
cells possibly in excess of 20 ft. dia. 
Progress in vapor-deposited thin-film 
cells is the key to this effort. 

Development of polycrystalline 
cadmium-sulfide _ field-effect-transistors 
(M/R, Feb. 3, p. 52) and their appli- 
cation to solar cell arrays is also ex- 
pected to add to lifetime and reduce 
degradation caused by the space en- 
vironment. NASA scientists say they 
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eventually hope to push current out- 
puts, roughly equal to 2-3 Btu’s per Ib. 
of energy conversion system weight, up 
to about 10 Btu’s. 

—Solar dynamic systems—NASA 
officials are expected to request funds 
in FY’66 for a flight experiment they 
feel would answer critical questions re- 
lating to lifetime and reflectivity charac- 
teristics for various large-area solar col- 
lectors necessary for some of the pro- 
posed solar dynamic or thermionic 
power systems. 

While the space agency is beginning 
to collect some data on meteoroid 
strikes, and will collect more later this 
year when a Meteoroid Detection Satel- 
lite is slated to be put into Earth orbit 
by a Saturn I, there are many funda- 
mental questions left unanswered con- 
cerning the so-called “sandblasting” ef- 
fect on various materials. This is the 
continued bombardment of very high 
reflectivity surfaces by very small parti- 
cles. 

NASA would like to place an ex- 
periment in orbit containing samples of 
various surface materials under con- 
sideration to get a better idea of the 
manner and rate at which they degrade. 
Once these answers are in hand, the 
space agency will probably focus on the 
additional problem of attempting to 
reconcile the size of these collectors 
with spacecraft design. 

—Nuclear systems—In addition to 
its major on-going work in the SNAP-& 
program—for which NASA has high 
hopes for the higher-powered (35 kw) 
requirements of space station and lunar 
base operation—NASA, and the Atomic 
Energy Commission in particular, are 
expected to give added emphasis to 
lowered-powered radioisotope on-board 
power systems. Systems are expected to 
operate to at least 300-500 watts, but 
new research on improved energy con- 
version schemes could push this to a 
2-kw range. 

Also in the nuclear area, another 
expansion may come in the push to 
match MHD generators with higher 
temperature nuclear reactor systems 
(M/R, Oct. 19, p. 43). 

—Fuel cells—Future of these sys- 
tems beyond their use in Gemini and 
Apollo, for which development pro- 
grams are under way, is still in doubt. 
One possible application is aboard ferry 
vehicles associated with large manned 
space stations. 

While a major portion of the fuel 
cell development effort has come from 
Gemini and A pollo work at the Manned 
Spacecraft Center in Houston, OART 
may step up its research effort into 
new fuel cell membranes that could 
give longer life. 

Cells other than the ones being 
developed for the manned space flight 
program are being looked at and may 
be accelerated, depending on the op- 
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eration of the General Electric (Gem- 
int) and Pratt & Whitney (Apollo) fuel 
cells. The fact that many of these de- 
signs provide a water by-product is a 
definite plus, and could lead to more 
integrated life-support and on-board 
power systems. 

—Batteries—OART may expand 
research slightly in an attempt aimed 
primarily at extending life of secondary 
nickel-cadmium batteries. Also, basic 
electrochemistry associated with these 
devices will get a more intensive ex- 
amination. 

® Electronics—In this area, OART 
will step up its efforts on: 

—Sterilization—Many questions still 
remain concerning the effect of high- 
temperature sterilization on compo- 
nents, and also the more basic question 
of how much has to be sterilized, the 
whole spacecraft or just portions of it, 
Essentially, ‘““we want to make sure that 
what we study on the Martian surface 
isn’t what we’ve brought along from 
Earth,” explains one NASA planner. 
For sterilization, electronic components 
and instruments will be subjected to 
temperatures of about 145°C for pos- 
sibly 24-hr. periods. 

—Optics—One of the programs 
viewed by OART as likely to come 
along eventually is the so-called Manned 
Orbital Telescope. Actually, such a sys- 
tem would not necessarily be manned, 
but might be visited periodically in 
rendezvous maneuvers or tethered to a 
nearby space station. 

Whatever the final configuration of 
such a system, OART has now launched 
a significant study, via a Marshall Space 
Flight Center contract to the Perkin- 
Elmer Corp., which will attempt to de- 
fine initial satellite experiments. These 
would give some indication of the 
utility of erectable space telescopes. 

While an MOT would have highly 
demanding pointing accuracies, esti- 
mated to be about 0.1 arc sec, the use 
of lasers for various spaceborne com- 
munications and tracking roles being 
considered (M/R, June 1, p. 30) will 
demand far more refined pointing (es- 
timated to be on the order of 10° de- 
grees) and attitude-stabilized systems. 
Requests for proposals have been issued 
by OART on studies to attempt to come 
up with the required stabilization sys- 
tems. 

The Engineering Technology Satel- 
lite could eventually be tied into the 
laser experimental developments as the 
sought-after test bed. In addition, OART 
electronics engineers also see the ETS 
as a platform for checking out long- 
duration drift rates on new gyros, new 
data-compression schemes, and adaptive 
stabilization techniques. 

—Pneumatic computers—The 7 
fort to develop computers that operate 
using an air flow rather than electronic 
signals (M/R, Nov. 23, 1963, p. 51) is 
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How Cat power helps NASA 


pick up a 2.5-watt signal from 60,000 miles out 


NASA's newest Satellite Tracking and Data Acqui- 
sition Network station in Rosman, North Carolina, 
will help capture the increasing amount of vital 
scientific data being transmitted to earth daily. 


With the new 85-ft. parabolic antenna at Rosman, 
and the two already in operation in Fairbanks, Alaska, 
NASA can pick up a 2.5-watt signal from outer space. 


Operational this fall, the remote Rosman facility, 
built and operated by Goddard Space Flight Center, 
needs great quantities of stable and reliable elec- 
trical power. The 85-ft. dish alone, for example, uses 
a 75 HP electric motor for the upper axis and a 
150 HP motor for the lower axis. 

Power is also needed—day and night—to operate 
the transmitters, consoles and facilities. No com- 
mercial power of this type is available locally. 

Six diesel generator sets do the job. 

Each set consists of a Caterpillar D353 Diesel 
Engine, turbocharged and aftercooled, matched ‘to a 
single-bearing Westinghouse brushless generator. 
These sets are rated at 250 KW continuous at 0.8 PF 
with 20 percent overload capacity. They generate 
three-phase, four-wire, 120/208-volt, 60-cycle power. 

These six generator sets are designed to maintain 
two entirely separate sources of electrical power. 
Three sets provide utility power and two provide 
power to the technical equipment. The remaining 


set is used as a swing generator. Once started, it will 
shift automatically to the technical bus if the voltage 
falls more than two percent. 

A Vapor Phase system was furnished by Engineer- 
ing Controls Inc. to maintain a constant pressure 
of 12 psi and engine temperature of 240° F.—even 
when the engines aren’t running. Cat Diesels assume 
full load within 5 seconds of start-up. 

Engine jacket water heat is recovered and used 
to heat the operations building. In summer the 
waste heat powers an absorption air conditioning 
central unit. 

Do you have an on-site power problem? 

For steady, economical, reliable power—for the 
extraordinary or regular installations—investigate 
Caterpillar Diesels. Cat-built total energy systems 
can be designed to meet your specifications. For 
more information, write or call: 


Industrial Division, Caterpillar Tractor Co. 
Peoria, Illinois * Washington, D. C. 


CATERPILLAR 


Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co. 


Caterpillar Tractor Co., General Offices, Peoria, Ill. + Caterpil.ar Americas Co., Peoria, Ill, 
Caterpillar Overseas S.A., Geneva - Caterpillar of Australia Pty. Ltd., Melbourne » Caterpillar 
Brasil S.A., S30 Paulo - Caterpillar Tractor Co. Ltd., Glasgow - Caterpillar of Canada Ltd., 
Toronto - CaterpillarFranceS.A., Grenoble + Caterpillar (Africa) (Pty.) Ltd., Johannesburg 
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which of these structural shapes are Beryllium ? 


Time was when this sort of formability and joining with beryllium was impossible. 
Not now. The structural shapes shown above are only a sampling of what has been’ 
done and what can be done. The techniques to produce them are here now. If 
beryllium is integrated into a design in its earliest stages, its full potential can be: 
exploited. Think of the possibilities in your area for structural components of 
beryllium—the metal with the highest strength/weight ratio. How can you use’ 
beryllium to replace the ‘‘heavyweights”’ of the light metals field? 

To find out how beryllium can meet your needs, or for technical assistance, 
write to The Beryllium Corporation, Dept. X-11, Box 1462, Reading, Pa. 19603 


BE RY LC 0 Developers and preducers of extraordinary materials 


BERYLLIUM e BERYLLIUM COPPERe BERYLLIUM| 
NICKEL e BERYLLIUM ALUMINUM e BERYLLIUM OXIDE 
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now at the stage where OART will 
study the “aerodynamic problems” as- 
sociated with cornering and channeling 
the flow in an attempt to build up the 
speeds of these systems to a point where 
they may be competitive for some mis- 
sions. 

—Advyanced microcircuitry—Most 
of this work will be carried on at the 
Electronics Research Center. Included 
in some of the new probings will be em- 
phasis on what can be done with the 
so-called ‘“‘amorphous components,” 
which include such things as fluid tran- 
sistors. These devices, according to ERC 
Officials, basically involve components 
that melt under very high temperatures 
but essentially retain the properties that 
allow them to carry out their electronic 
functions. A family of such components 
could give designers relative immunity 
to the properties of the space environ- 
ment that have caused considerable 
problems to date. 

In other areas, ERC is also ex- 
pected to place additional emphasis 
on development of new sub-millimeter 
microwave components (M/R, Sept. 7, 
p. 38), interplanetary guidance and 
laser radiation experiments. (For a re- 
port on ERC’s initial electronic research 
efforts see M/R, Nov. 16, p. 10.) 

@ Life support—This is another 
area of increasing importance at OART. 

NASA officials state flatly that 
“nothing has stuck its head up yet as 
the best approach to long-duration 
multi-man support.” The interest here 
is also in a system best suited to an 
entire mission profile. The inputs to 
this work come from several areas in 
addition to basic human factors. New 
display techniques will be studied very 
carefully with an eye toward very-long- 
term viewing, as will refinements on 
the estimates of the effect of various 
g-loadings upon crew members. 

NASA says “‘real progress is needed” 
in the development of space suits. Re- 
quirements are for more mobility, 
“more shirt-sleeve-type operation and 
less like a can.” OART is interested 
in improvement aimed at lunar surface 
operations, especially man’s ability to 
carry a life-support system without seri- 
ously decreasing mobility. 

@ Wide scope of activity—-OART’s 
charter is very broad. In essence, the 
continuing program of research ex- 
plores the technology required to sup- 
port virtually all possible future U.S. 
space missions. As one top advanced 
planner puts it: “the office is basically 
oriented toward making the technology 
available for the space agency, if it 
choses, to go to those places and do 
those things which will provide either 
new scientific knowledge or lead to an 
ability to exploit new areas and phe- 
nomena once those areas can be 
reached.” 

Since OART’s program is not mis- 
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Space Bearing 


A GAS BEARING capable of 
operating in a vacuum cham- 
ber is being used at the NASA 
Lewis Research Center’s Elec- 
tric Propulsion Laboratory as 
a research tool. It is used in 
satellite  atti- 
tude control or station-keep- 


ground-testing 


ing systems. 


sion-related in the sense of being tied 
to approved hardware programs, its 
ability to move into an area before 
there has been any firm commitments 
for funds on a project level is far less 
sensitive. It also provides a good clue as 
to where the long-range NASA pro- 
grams may be heading. 

Because the mission possibilities are 
so varied, and because OART must 
work so far in advance to “keep the 
technology bag full,” it is necessary for 
this office, usually in conjunction with 
other NASA offices such as OSS&A, to 
make its own mission analysis to deter- 
mine precisely where the future pay- 
offs might be so that the space agency 
can effectively channel its research. 

Among those areas in which OART 
is certain to support new effort are: 

—“A vastly enlarged capability for 
OART in Earth orbit,” say scientists, 
“both manned and unmanned. We will 
do more and more work here because 
it is about the only place left to go 
to get the total environment that is now 
needed—weightlessness, vacuum, and 
radiation. It is also the best place to 
start on interplanetary testing, though 
the environment is not exactly the 
same.” 

—AInterplanetary missions, both 
manned and unmanned, with particular 
interest in Mars because of the possi- 
bility of extraterrestrial life. Key ques- 
tions to be studied by OART: how 
much can be done via unmanned ex- 
ploration? How much will an Auto- 
mated Biological Lab provide? What 
are the optimum man-machine cost re- 
lationships when considering a manned 
Mars orbital spacecraft operating with 


an unmanned lander capsule as op- 
posed to a full scale manned landing? 
“If cost were no issue,” says one sci- 
entist, “the way to do it is to put a man 
down.” 

—Solar exploration—described as 
“possibly the most important place to 
explore (the only on-going fusion pro- 
gram and the very large gravitational 
fields are of major interest) but one 
of the hardest to get at.” This explora- 
tion alone will benefit from many of 
the already initiated OART efforts in 
nuclear and ion engine propulsion, at- 
titude stabilization, instrumentation, and 
heat shield development. 

—Asteroid belt exploration and 
study of the red-spot pecularities of 
Jupiter. 

Although these areas of interest are 
very different in terms of distance and 
environment, there are large similari- 
ties in the type of programs which must 
be carried on to explore any of these 
regions. For example, placing large pay- 
loads in Earth-orbit or smaller payloads 
enroute to a planet both require large 
AV booster capability. Life support and 
on-board power requirements for space 
stations and manned Mars exploration 
may not be very different. 

OART’s budget for FY ’65 is about 
$0.5 billion. Top planners at OART 
estimate that this figure will remain rela- 
tively stable during the next few years. 

A complete report on all OART 
programs, most of which are being car- 
ried forward at their planned pace, was 


included in MISSILES AND ROCKETS’ 
Third Annual NASA Issue, published 
Nov. 25, 1963. | 
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NASA: International Programs 


U.S. Industry To Profit 
From Progress Abroad 


Space agency officials foresee ESRO need for Thor-Delta; 
Blue Streak may bring others into manned flight ‘fraternity’ 


THE SPACE BUDGETS of foreign 
nations with which NASA is cooperat- 
ing will have a combined purchasing 
power in five years equal to that of the 
space agency’s own Office of Space 
Sciences and Applications. That figure 
was $777 million for Fiscal Year 1965. 

This is the opinion of officials in 
NASA’s Office of International Pro- 
grams, headed by Assistant Administra- 
tor Arnold W. Frutkin. Frutkin told 
MISSILES AND ROCKETS this means 
there will be a much greater potential 
for meaningful cooperation between 
NASA and = other nations—either 
NASA participation in another nation's 
space programs or broadened foreign 
involvement in NASA efforts. 

It also will mean a broadening of 
foreign markets for U.S. aerospace 
firms as other nations achieve a level 
of sophistication in space study that 
dictates use of hardware that has been 
pioneered, tested and proved by NASA. 

The future need by foreign nations 
for a larger stable of launch vehicles 
appears to be one requirement U.S. 
industry will be able to meet, according 
to Frutkin. He foresees the need for a 
medium launch capability (400 to 500- 
Ib. payloads) within the European 
Space Research Organization (ESRO). 

Such a capability would call for a 
vehicle with a greater lift capacity than 
that of the Scout but not as powerful as 
the British Blue Streak. 

Thor-Delic fits this requirement, 
and Frutkin say: there have been pre- 
liminary discussions with ESRO of pos- 
sible purchase of t>° vchicle. American 
Telephone & Telegraph Co. brought a 


Thor-Delta to launch i Istar. 
@ The near future-—Fruikin listed 
these other developments os some of 
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the more significant to look for over the 
next few years: 

—Britain’s Blue Streak will become 
operational, possibly heralding the in- 
auguration of manned space flight by 
nations other than the U.S. and the 
Soviet Union. Blue Streak’s sophistica- 
tion and payload capability make it 
a candidate as the launch vehicle for 
a manned capsule in the Mercury 
(3,000-lb.) weight class. 

—NASA will add West Germany to 
the growing list of nations with which 
it is Cooperating in satellite programs. 
The space agency is now negotiating 
with the German Ministry of Science 
for development of the first cooperative 
U.S.-German scientific satellite. 

—European nations will be more 
active in communication satellite pro- 
grams. These nations, Frutkin says, will 
not limit their interest to ground sta- 
tions, but will be eager to cooperate in 
hardware development and will place 
contracts with U.S. firms. 

—tThe first equatorial launch site 
for foreign satellites will be begun and 
completed. 

—Other nations will develop their 
own launch vehicles, with the leading 
candidates being Britain (a system 
based on Black Knight technology), 
France and Japan. NASA scientists 
will continue to consult with those of 
foreign nations in bringing about this 
development. 

—Britain, France, Germany, Italy, 
Japan and Canada (plus the Scandi- 
navian countries, Spain and Switzer- 
land through ESRO) will launch satel- 
lites of their own with NASA coopera- 
tion. 

(Canada has already gained valua- 
ble experience, and is sharing vital data 


LAUNCH platform for Italy’s San Marco 
project on way to off-coast Kenya site. 


on the ionosphere, after launching its 
still-transmitting Alouette.) 

—Some two dozen nations will be | 
in the sounding rocket business as the 
result of cooperation with the space 
agency, many of them using systems of | 
their own. There will be sounding 
rocket launch sites around the globe | 
to probe any conceivable environment. | 

—Finally, experiments contributed 
by foreign nations may go aloft in | 
Projects Gemini and Apollo. While no | 
firm proposals for Gemini or Apollo 
experiments have yet been received from 
abroad, Frutkin says preliminary in- 
terest has been expressed by individual 
scientists, 

@ Soviets drag feet—NASA is still 
greatly interested in implementing the | 
two memoranda of understanding it has | 
executed with the USSR Academy of | 
Sciences, but Frutkin told M/R there 
is still no “substantive cooperation.” 

The first memo—approved in Au- 
gust, 1963—outlined procedures to 
carry out a coordinated weather satellite 
program, joint experiments with com- | 
munications using a passive reflector 
satellite (Echo 11) and joint contribu- | 
tions of satellite data to the World 
Magnetic Survey in 1965. 

The U.S. mission to the United | 
Nations issued a statement Nov. 6 an- | 
nouncing that a second memorandum 
of understanding had been approved, 
covering and refining substantially the } 
same areas for U.S.-USSR cooperation. | 

The announcement also said that the 
telecommunications link between Wash- 
ington and Moscow for transmission of 
cloud-cover data described in the first | 
memo was being used experimentally. It 
went on: “Finally, discussions continued 
(during the recent meetings of the U.N. | 
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NIKE-APACHE sounding rocket is launched from Thumba, 
India, in joint NASA-INCOSPAR program to determine altitude 


Committee on Peaceful Uses of Outer 
Space) on the subject of a joint re- 
view of space biology and medicine. . . . 
Consideration may be renewed at a 
later date.” 

This leaves implementation of the 
joint exploration somewhere in limbo. 
Frutkin feels that scientists in the USSR 
are receptive to this sort of exchange 
but have “difficulties in achieving the 
freedom to discuss even the background 
for purely scientific programs.” 

@ Foreign experiments—Thirteen 
foreign experiments have been accepted 
for inclusion in NASA’s satellite pro- 
grams. The first of these, from the 
United Kingdom’s University College, 
London, was launched Aug. 25 aboard 
Explorer XX, and was designed to meas- 
ure ion mass composition and tempera- 
ture with an ion mass spectrometer. 

The remainder are: 

—A French experiment from the 
National Scientific Research Center 
(CNRS) to be launched aboard 
Orbiting Geophysical Observatory-C 
-(OGO- C) next year. It will measure air- 
glow at 6,300 A, 5,577 A, 3,914 
A and in the near ultraviolet region 
with a photometer. 

—Two experiments from University 
College, London, for launch with Direct 
Measurement Explorer-A  (DME-A) 

next year. One will measure ion mass 
composition and temperature with a 
spherical ion mass spectrometer; the 
other will measure electron temperature 
with a planar electron temperature 
probe. 

—Two experiments, from the Uni- 
versity of Leicester and from University 
“College, London, for launch aboard 
Orbiting Solar Observatory-D (OSO-D) 
in 1966. One will measure distribution 
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of total solar X-ray emission over a 
wide band; the other will study solar 
HE II resonance emission at 304 A. 

—An experiment from University 
College, London, for OGO-E, to be 
launched in 1966 to measure electron 
temperature and density. 

—An experiment from the Unver 
sity of Leicester and University College, 
London, for Orbiting Astronomical Ob- 
servatory-C (OAO-C) for launch in 
1967. The experiment will study X-ray 
emission of stars and nebulae and ob- 
tain information on interstellar absorp- 
tion of helium. 

—An experiment from the Univer- 
sity of Leicester and University College, 
London, for OSO-E, to be launched in 
1967. The experiment will measure 
solar flux with a spectroheliograph. A 
French experiment from CNRS to 
measure self-reversal of the solar 
Lyman-Alpha spectrographic line has 
also been accepted for OSO-E. 

—Three experiments to be launched 
aboard OGO-E. One from the Univer- 
sity of Southampton, England, will 
measure energetic photons in primary 
cosmic rays; a second, from the Uni- 
versity of Paris, will measure geocoro- 
nal hydrogen, and one from Delft 
Technical Institute, The Netherlands, 
will measure cosmic ray electrons. 

@ Canadian approach ideal—Offi- 
cials in the Office of International Pro- 
grams point to their cooperation with 
the Canadian Defense Research Board 
in the International Satellites for Iono- 
spheric Studies (ISIS) series as the 
most desirable kind of international 
cooperation in space programs. 

The ISIS series follows the trail 
blazed by the highly successful Alou- 
ette topside-sounder satellite launched 


and intensity of tonosphere electric currents. NASA has aided in 
nearly 100 sounding rocket shots. 


Sept. 29, 1962, by NASA. The space 
agency provided launch facilities and 
booster for the satellite, and is still re- 
ceiving important information on the 
makeup of the ionosphere. 

In such an arrangement, the foreign 
nation doesn’t need a total launch 
capability—ground support equipment, 
booster, etc.—but can assume a por- 
tion of the costs of certain types of ex- 
ploration. 

NASA and the Canadian Defense 
Research Board have agreed to cooper- 
ate in launching four more upper- 
atmosphere research satellites between 
1965-70. 

Canada will build and pay for the 
satellites and reimburse NASA for 
launch facilities and launch vehicles, 
while both nations will share tracking 
responsibilities and data gathered by 
the satellites. 

@ Overseas launch sites—The Of- 
fice of International Programs takes a 
guarded approach to use of launch 
sites proposed by other nations, but has 
not closed the door to considering them 
for future cooperative programs. 

The space agency is laying the 
groundwork, particularly in the field of 
sounding rockets, for a world-wide 
launch capability in cooperation with 
such nations as India, Pakistan, Japan 
and Italy (San Marco project). 

Statistics compiled by the Office of 
International Affairs show that the 
space agency has cooperated with nearly 
70 nations to date in a broad spectrum 
of space study. Frutkin says there still 
is a vast untapped potential for more 
fruitful mutual cooperation as foreign 
nations, particularly in Europe, continue 
to expand their industrial capability to 
include the aerospace field. | 
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Keep your eye on this NEW 
Precision Alignment Instrument) 


Whether you’re inspecting surface plates or the flatness or straightness of | 


Surface plate inspection e Straightness of 
machine tool ways e Flatness of machine 
tool ways e Leveling e Checking X-Y axis 
of a machine tool e Checking machine 
flatness, straightness, parallelism during 
machine assembly e Measuring angular 
deviation of automatic machinery during 
fabrication and assembiy e Gear teeth 
measurement e Inspecting divided circles. 


2 


machine tool ways, you'll find no substitute for the 0.1 second of arc sensitivity 
of the Kollmorgen Model K222 Dual-Axis Autocollimator. No other manual auto- 


collimator — imported or domestic — offers you these operating advantages: } 


Simultaneous measurement of vertical and horizontal angles eliminates errors | 


or delays inherent in 90° rotation of instrument or eyepiece. Both measure- 
ments in the same plane ... no parallax! Each axis has its independent 
micrometer ... no compromise with accuracy. 


Largest objective lens aperture (1.8 in.) available on an NAS barrel and 
full correction of lens for spherical and chromatic aberration permit accurate 
measurements over a field of view of 26 minutes of arc. Maximum working 
distance is 150 feet. 


Illuminated fine adjustment scale utilizes eyepiece readout to eliminate 
constant refocusing of the viewing eye and resultant eye fatigue. This 
illumination also permits instrument use in total darkness. Since readouts 
are located outside the instrument's field of view, micrometer adjustments 
are always ‘honest’ ... not influenced by any observer's natural tendency 
to resolve fractional splits in his favor. Micrometer scale divisions are seconds 
and tenths of seconds; one minute per revolution. 


Informative 12-page bulletin contains complete data on Model K222 and 


other new Kollmorgen optical tooling instruments: Single-Axis Manual and. 


Dual-Axis Automatic Autocollimators, Dual-Axis and Line-of-Sight Alignment 
Telescopes, Pointing Interferometer and all required accessories. Write for 
this bulletin today ... 347 King Street, Northampton, Mass. 


KOLLMORGEN 


CORPORATION 
NORTHAMPTON, MASSACHUSETTS 
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CONSTRUCTION PROGRESS shown looking northeast at Manned Spacecraft Center, Houston. 
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in CRYOGENICS 


Shirtsleeves environment in space: 
Beech’s job for NASA's Project Apollo 
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ee —: 


Facilities... Management... 
How may we help you? To discover how the space Division, Beech Aircraft Corporation, Wichita, 
proven capabilities of the Beech organization can be Kansas 67201. Beech stands ready and eager to 
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write, wire or phone Contract Administrator, Aero- for your project right now. 
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leech ferospace” Divesion 


BEECH AIRCRAFT CORPORATION @ WICHITA, KANSAS 67201 
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business multiply the money-making decisions that each top man can Corporation, Marketing Services Department, Wichita, 
make. That's how thousands of Beechcrafts have paid for themselves. Kansas 67201, U. S. A. 


NASA said: 
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700 mW and no larger 
than 16 cubic inches.” 


*NASA’s Orbiting Geophysical Observatory — 
A project of the Goddard Space Flight Center 
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Advanced lunar missions are becoming 
more demanding in terms of payload 
capability and mission flexibility. As a 
consequence, the sophistication of 
launch and orbital systems must increase 
dramatically, which in turn places more 
and more stringent requirements on the 
guidance concepts involved. 

At Lockheed's Huntsville Research & 
Engineering Center, working in close sup- 
port of NASA's Marshall Space Flight 
Center, the specific areas of analytical 
research used to increase guidance accu- 
racy and extend its flexibility are based 
on concepts of calculus of variations. 
Utilizing these techniques in a manner 
unique to the aerospace industry, new 
methods are being developed to determine 


LOOK AT LC 


the steering function which maximizes a 
desired trajectory characteristic fora given 
set of constraints. Further, optimal cutoff 
surfaces are being evolved for a wide 
variety of proposed missions. 
Asaresult, arecent Lockheed/Huntsville 
achievement has been the development 
of a method for finding optimal launch 
phase trajectories with boundary con- 
straints such as a temperature, load, or 
vehicle attitude limit. 
ENGINEERS & SCiENTISTS: The 
development of guidance techniques at 
Lockheed requires an advanced degree 
and a strong background in mathematics, 
vehicle dynamics and astrodynamics. A 
working knowledge of calculus of varia- 
tions, gradient methods, dynamic pro- 


gramming or Pontryagin’s theorems 

would be helpful. 

Write for a brochure- Look at Lockheed 

Huntsville...as a career. Address: 

Lockheed Missiles & Space Company, 

Huntsville Staffing Dept., P.O. Box B-504, 
Sunnyvale, California. 


LOCKHEED 


MISSILES & SPACE COMPANY 


A GROUP DIVISION OF LOGCKHEEO AIRCRAFT CORPORATION 


AN EQUAL OPPORTUNITY EMPLOYER 


CKEEED...IN GUIDANCE 
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The man who said 

*you can’t take it with you” 

was born a long time before Garrett 
started making life support systems. 


A s a matter v = 
of fact, 
unless man does take his earthly 
environment with him into space, 
he hasn’t got a chance. 

For here is a world that has no 
oxygen, no pressure, no gravity. 

To live and work for weeks and 
months in orbital flight —a need 
dictated by urgent space 
projects now in progress — 
man must have the most 
sophisticated life support 
system ever built. 

It has to provide him 
with oxygen, water, 
pressurization — complete 
climate control. 

It has to guard him vy 
against temperatures that 
range from near absolute 
zero to the re-entry heat of 
thousands of degrees. 

It has to bea miracle package. 

The question becomes: Who is 
now building such an environ- 
mental system? 

Theanswer is, of course, Garrett. 


As long ago as 1941, Garrett 
management saw that man could 
go no higher, no faster, without 
pressurization of aircraft. When 
Garrett’s AiResearch division 
delivered the first systems, 
suddenly the ceiling was 
off the world. 

Today over 90% of the 
free world’s aircraft carry 
Garrett environmental 
systems. Millions of hours 
of operation have been 
accumulated by heat trans- 
fer equipment, turbomachinery, 
controls. 

This experience led Garrett to 
build the life support systems 
that protected our astronauts on 
the recent Mercury flights. 


Circle No. 9 on Subscriber Service Card 


The same know-how is now at 
work supplying “‘shirtsleeve” envi- 
ronments for Gemini and Apollo. 
These systems will keep man alive 

for weeks in space. Now 
longer flights 
are being 
planned — 
manned 
orbiting 


laboratories and space stations. 
Garrett already knows how to solve 
life support problems for months 
in space. Much of the system work 
is completed and components built. 
What are the reasons for this 
unique capability? 
The most experienced men 
are Garrett men. The most 
advanced facilities are 
Garrett. The only applied 
system for outer space is 
Garrett built. 
When the problem is 
environmental, the solu- 
tion comes from Garrett 
because... 


Garrett 
7s experience 
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RADAR TRANSPONDERS 


+89. precision C-band model AN/DPN-66 shown above—used on Saturn, Pershing and more than 15 other 
current aerospace programs. 800 w. nom. peak power, -70 dbm sensitivity, and 50 nanosec. delay stability. 


A 


The Motorola family of radar transponders 

is specified for critical tracking, 

data and control missions because of flight- 
proven performance and reliability over 

the wide range of aerospace missions. Superior 
delay stability, fast recovery time and 
demonstrated versatility make Motorola trans- 
ponders the first choice on projects 


such as Centaur, Saturn, Pershing, Scout, and at . 


WSMR, AMR, Eglin and Edwards AFB’s. 


Look into the complete line of Motorola 

radar transponders — most come off the shelf in 
a wide variety of operational parameters. 

‘And, if our standard ‘units don't fit your require- 
ments, we have the capability and know-how 

to quickly deliver precisely what you need, 

Write our Instrumentation Products Group today. 


MOTOROLA 
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ON SCOUT, ATHENA and a dozen other 
» aerospace programs—SST-131 microminiature, 
-superheterodyne, C-band unit for high-thrust, 
solid propellant boosters...-65 dbm sensitivity, 
500 w. nom. peak power. 


AT AFMTC—AN/DPN-71 provides 
high-power, superheterodyne, C-band unit 
for deep Space assignments...—-75 dbm 
sensitivity, 20 kw min. peak power. = 


~ ON DRONES, AIRCRAFT AND HIGH- 
THRUST BOOSTERS—SST-133X offers 
most significant advance in X-band 
transponders in over a decade, isinter- _ 
changeable at system level with.C-band SST-131 model... 
microminiaturizes widely used AN/APN-132 X-band unit, 


adds severe environment capabilities. 


Motorola is also. responsible for major systems and 


subsystems on Apollo, Gemini, Mariner, Ranger and the 
Goddard iis and RR Satellite: Tracking Network. 


Military Electronics Division 
8201 East McDowell Road, Scottsdale, Arizona 
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OVERWORKED — 


(and underpaid!) 


COMMAND 


Working in more programs than any other units, 

Motorola command receivers have logged the most 
reliable performance hours and miles (at low cost per 
unit of time and/or distance) in advanced aerospace 
functions. Off-the-shelf units are used...and often re-used 
...on such vehicles as Saturn, Polaris A? and A3, 
Minuteman, Pershing, Scout, Quail, and Subroc. Special 

_ modifications of these units, plus new designs, are 
specified for a variety of other projects. Motorola 
command instrumentation is the most4requently selected 
becduse the standard line covers a wider range of 
applications. Motorola’s instrumentation group is: 


frequently called on to supply special requirements © 
because of its experience in design and manufacturing to. 


meet advanced specifications. Your range or vehicle 
requirement can probably be met by standard production 
units. If not, we can provide the know-how necessary 

to deliver precisely what you need. Call us. 


Military Electronics Division 
8201 East McDowell Road, Scottsdale, Arizona 


RECEIVERS 


ON SATURN, Motorola Model MCR-101 shown in illus. 
above, provides 10 channels, weighs only 2 lbs., 15 ozs. 


ON AGENA—MCR-307, the 
smallest, lightest 3-channel unit 


ON POLARIS—MCR-312, features 
an isolated ground system, supplies 3 
decoder channels, weighs 3 Ibs. . 


2 
e 


ca 


ON MERCURY—MCR-102/MAD-101, 20-channel 
Yeceiver-decoder, worked “ 

' without a single. failure 
throughoutthe entire program. 


ON MINUTEMAN—MCR-403, 
contains 4 decoder channels, 
weighs 3 Ibs.,13 ozs. ° 


_ Motorola’s Military Electronics Division is also 


~ .’ “résponsible for major electronic subsystems on such 
programs as Apollo, Gemini, Mariner.and Ranger. — 


MOTOROLA 
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What single complex 
converts energy 
in sO many ways’?... 


Poae 


mE 


_ Engine starters and power gen- Starter generators for gas Industrial process drives for precise control of Drives for rapid transit and heavy road vehi- 
erators for tanks and ground turbines, and auxiliary machine operation without gearing over a very cles with stepless control of acceleration 
support equipment. power units. wide speed range. and deceleration. 


Pes, 


Pela | 


" > of oe 


<— 
A 
" - ES 


Servo actuators to operate Antenna drives for air, Variable-speed constant-frequency Static frequency changers Electrical retarders provide a sepa- 


directional controls of ground or ship-borne conversion units for hydrofoils. convert electrical power from rate braking system for very heavy 
Space vehicles, missiles, installations. One frequency to another for vehicles on long downgrades. 
aircraft and torpedoes. ships and submarines. 


ls 


Generating systems for Pumps and couplings to handle all types Generating systems to oper- Integrated cooling/ 
oropulsion and space environ- commercial and execu- of liquids and gases for aerospace fluid ate at high speeds in high hydraulic packages 
mental control. tive aircraft. systems. temperatures and in extreme for electronic equip- 
environments. ment in aerospace 

vehicles. 


Brushless DC motors for torpedo 


We do... but what we have shown reflects only our 
present capabilities. Our real orientation is towards the future 

..we are helping to create new concepts of power generation and 
conversion to help fellow man operate more efficiently on earth 
as well as in space. That’s why they callus... 


LEAR SIEGLER, INC. | ° | 
POWER EQUIPMENT DIVISION 
Fuel and fluid handling systems are P. O. Box 6719, Cleveland, Ohio 44101 
designed by our Romec Facility in Elyria, Ohio Phone. 216-662-1000 
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R, Pernula : M. Burke : J. Fischel 7 
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AERONAUTICAL SYSTEMS 
BRANCH 
T. Sisk 
¢ ) f . 
Design and fabrication under reliability, identification, and traceability programs. Qualification — 
environmental tests for acceleration, humidity, salt spray, vibration, acoustics, oxygen-vacuum, 
temperature and shock. Ss ti Ss 
argus optic 
*and other optical systems, of course! DIVISION OF ARGUS INCORPORATED 
408 South Fourth Street Ann Arbor, Michigan 48106 
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Rocket motor transporter* 


... another product of Clark capability 


This massive vehicle was designed, engineered, 
constructed and tested by Clark Development 
Division. 

It transports and positions 120-in diameter 
solid-propellant rocket motor segments during 
processing, testing, storing and shipping. 

The 125,000-Ib capacity Clark Transporter 
is a self-propelled, hydrostatic drive vehicle that 
can travel in four directions. It carries and raises 


*Developed under subcontract and based on 
a concept from United Technology Center 
for U.S. Air Force Titan III-C program. 


CLARK’ 


| EQUIPMENT 


its load on a shock-absorbing, oscillating lift 
ring to automatically maintain the load axis in 
a vertical position. 

Creating new products like this to meet 
critical military and aerospace performance 
requirements is our business. Let us engineer 
a solution to your problem. 

For details write: Manager, Clark Develop- 
ment Division. 


Clark Development Division 
Clark Equipment Company 
P. O. Box 188 

Cassopolis, Michigan 49031 
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Eldred H. Helton, Head 
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TECHNICAL SERVICES OIVISION 
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SAFETY OFFICE 
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4. sy ss 


SUPPORT SERVICE PLANNING OFFICE 
James W. Quillen, Head 


RANGE SUPPORT BRANCH 
Robert T. Holdren, Head 

Experimental Instrument Construction 

Space Launch Support Section 

Metal Trades Section 


FACILITIES OPERATIONS BRANCH 
Paul C. Mears, Head 
Building Trades & Logistics Section 
Electrical Service Section 
Equipment Maintenance Section 
Utilities Operations Section 


DAMAGE CONTROL BRANCH 
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CIRCLE SEAL VALVES 


HtGH "RESPONSE 
RELIABILITY 


SOLENOID VALVE V4152 


© Full open to full close 
in six milliseconds 

© Absolutely leakproof 
in either vacuum or 
Pressure service 

@ No system pilot pres- 
sure required 

e Vacuum to 3600 psi 


« Full flow characteristics 


ATTITUDE CONTROL VALVE 
w=. V4002 


ant © For direction or sta- 
bility control of mis 
siles & space vehicles 
© Lightweight, miniatur- 
ized design 
© High thrust capability 
e Valve poppet opens in 1 millisecond 


Bi-PROPELLANT CONTROL 
VALVE V4010 


te © For N,0, and UDMH 
me © 4.5 milliseconds from 
signal to full open or 
close 
© Dead tight shutoff 
@ Works with pressure-- 
not against it 


This precision Western Eiectric guidance pack- 
age, launched by the three-stage Oelta Rocket, 
has: successfully guided into orbit such satel- 
jites as Explorer 17, Telstar 11, Tiros 7, Syncom 
1 and Tiros 8. Various types of Bell Telephone 
Laboratories-deveioped, Western Electric-manu- 
factured Radio Command Guidance have success- 
fully guided over 150 separate missile - shots. 


CIRCLE SEAL 
D500 SERIES 


LEAKPROOF 
MINIATURIZED 
. LIGHT WEIGHT 


ZERO LEAKAGE—Seals dead tight to cracking pres- 
sure, Resilient seal increases sealing efficiency as 
pressure rises. 


CRACKING PRESSURE ACCURACY — Valve can be pre- 
set to within +2%. 

DEAD TIGHT RESEAT—Valve reseats dead tight to 
within a few percent of set cracking pressure. 


STICKING ELIMINATED—Poppet head provides metal 
seat, limits squeeze on resilient seal, prevents 
sticking. Deflector cap increases flow, serves as a 
dust cap. 


TAMPER-FREE ADJUSTABILITY 
MAINTENANCE-FREE SERVICE LIFE 


JAMES, POND & CLARK, INC. 


2181 East Foothill Boulevard, Pasadena, Callfornia 91107 


FOR FILTER REQUIREMENTS, CONSULT CIRCLE SEAL'S 
MICROPOROUS FILTER OIVISION 
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8 AUTOMATICALLY 
SELECTED SPEEDS 


(FOR BOTH TRANSPORT AND ELECTRONICS) 


Sangamo’s automatically switched 
magnetic tape instrumentation system 
provides a time base expansion or con- 
traction range of 128:1...4 times 
greater than any other system, over an 
FM bandwidth of 40KC =40% deviation 
and a direct bandwidth of 600KC at 
120 ips. 


Only the Sangamo 4700 Series Makes 
All These Features Available 


Choice of from 1 to 8 automatically 
switched record/reproduce electronics 


\ 


for economy and system expansion ¢ 
Optional VU meters for each channel 
¢ High torque/low mass transport 
system ¢« Industry’s most precise 
servo © 1 inch and 4 inch tape simul- 
taneously or interchangeably with no 
mechanical changes ¢ Reel-to-reel or 
loop at the flick of a switch * The 
industry's only 1 year guarantee on 
parts and service. 


Compare Sangamo’s Drift, Linearity, 
and Signal/Noise Ratio. For a Personal 
Demonstration...Write, Wire or Phone. 
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ONLY THE NEW SANGAMO 4764 8-SPEED SYSTEM 
OFFERS SUCH UNIQUE FLEXIBILITY 


SANGAMO 


ELECTRIC COMPANY 


P.O. Box 359 
SPRINGFIELD, ILLINOIS 62705 
Phone: 217 544-6411 »* TWX: 217 546-0947 
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SPECIAL REPORT: Communications Satellite Corp. 


Medium- and Synchronous-Altitude 
Satellite Mix Considered by ComSat 


Two key decisions on systems selection due in February and 
October; upcoming Early Bird tests expected to influence future 
thinking; FCC ruling on ground station operation due soon 


AS THE TIME draws near for a 
decision on which type of communica- 
tions satellite system will be put into 
global operation service by the Com- 
munications Satellite Corp., it is becom- 
ing apparent that ComSat’s original in- 
tention of making a clear-cut choice 
between a medium- or synchronous- 
altitude approach may be discarded in 
favor of developing and launching both 
types in some mixed system format. 

The two key decisions on system 
selection will be made in February and 
October of next year. 

In February, ComSat will have in- 
hand the results of the three major 
studies being carried out by an AT&T/ 
RCA team, an STL/ITT team, and the 
Hughes Aircraft Co. (M/R, June 15, 
p. 18). These studies will present in 
detail the proposed designs, capabili- 
ties, test procedures, and the highly 
important fixed-price cost and “guaran- 
teed” lifetime figures for the three pos- 
sible approaches—the AT&T/RCA ran- 
dom-orbit, medium-altitude system, the 
STL/ITT controlled-orbit, medium alti- 
tude system, and the advanced syn- 
chronous altitude system being studied 
by Hughes. 

The February evaluation is not ex- 
pected to take very long. ComSat and 
the primary communications compa- 
nies have worked together closely ever 
since ComSat was formed in February, 
1963, and there are “no surprises” ex- 
pected. ComSat also now has its com- 
puter operating at its new Washington 
headquarters and the device is expected 
to quickly provide five-year cost/life- 
time projections to be made for each 
system. 

The decision to be made in February, 
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or by March 1, affects primarily the two 
medium-altitude systems. ComSat will 
decide at that time whether to launch a 
development effort on one or both of 
these approaches. Such an effort would 
cost $50-60 million dollars if carried 
through until a first launching in late 
1966. In order for ComSat to make this 
1966 launch date and the subsequent 
late 1967 target date for an operational 
medium-altitude system, if that is the 
chosen approach, the development 
effort must be started early in 1965 to 
insure enough lead time. There is also 
a possibility that additional funds would 
go to Hughes to further its development 
during the February-October interim 
period. 

® Early Bird—At about the same 
time ComSat is deciding on a continua- 
tion of the medium-altitude develop- 
ment effort, it is also expected to launch 
its first Early Bird synchronous-altitude 
satellite. The impact of the first Early 
Bird’s performance will be tremendous 
either if it succeeds beyond current ex- 
pectations, or if it fails. 

Viewed together—the results of all 
three studies, ComSat’s evaluations of 
them (especially the cost and _life- 
time numbers), and the performance of 
Early Bird with its built-in 300-milli- 
second time-delay—will enable the cor- 
poration to make a second and more 
meaningful decision in October as to 
which system to develop based on about 
six months operating experience with 
Early Bird and development experience 
with either or both of the medium- 
altitude systems. 

At that time, if ComSat chooses to 
give a full-scale go-ahead to either one 
of the two medium-altitude systems, it 


will cut off development of the other 
medium-altitude system. Should it take 
this path, it is also likely that, if the 
Early Bird system has performed well, 
ComSat will choose to deploy a syn- 
chronous altitude system based on Early 
Bird in the two-year interim in which 
the medium-altitude system would be 
under development. 

Though the first Early Bird is still 
to be launched, the success of Syncom 
II, which is still operating after a July, 
1963, launching, and Syncom III, which 
carried the Olympics TV transmission, 
the feasibility of these satellites have 
gained considerable acceptance among 
ComSat scientists and provides one of 
the major reasons why the decision is 
no longer likely to be very clean-cut. 

One top ComSat planner told Mis- 
SILES AND ROcKETs that, barring un- 
acceptable performance from Early 
Bird, it is not likely that development 
of synchronous-altitude systems will be 
dropped completely in favor of me- 
dium-altitude systems. “The question 
now,” he adds, “is not whether to use 
synchronous satellites, but how much 
of them, when do you factor in me- 
dium-altitude systems, and to what ex- 
tent?” 

These factors, in combination with 
a better understanding of customer re- 
quirements which can be satisfied best 
in certain cases by different satellite 
systems, also re-enforce the feeling that 
a mix is the most likely possibility. 

®@ Policy remains open—ComSat 
planners stress the obvious at this point, 
that until the designs are in and Early 
Bird has flown, the variables are so wide 
that a policy of flexibility in develop- 
ment options is vital. 
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The program to place a global sys- 
tem in orbit by 1967 and maintain it 
thereafter could cost as much as $300 
million in the next 5-7 years. It could 
also be a lot cheaper if Early Bird 
turns out to be a “howling success” 
and if the alternative medium-altitude 
cost and lifetime figures were not com- 
petitive. 

Although this combination is viewed 
as unlikely within ComSat, they point 
out that an operational synchronous 
system could be in orbit “much sooner,” 
and the cancellation of the projected 
development effort on medium-altitude 
systems could put the corporation into 
the black in terms of profitable opera- 
tion by as early as late 1965. The initial 
estimates for profitable operation of the 
corporation are still pegged at the 1968- 
69 period, though some observers see 
this as a conservative view (M/R, Sept: 
14, p. 18). 

@ Budget estimates—At present, 


with the major questions still to be 
settled, ComSat estimates its budget for 
the next few years as follows: 

By the end of 1964, the firm will 
have spent about $12 million. This will 
have gone in part toward the Early 
Bird system and the Command and 
Control Center now being installed for 
it in the headquarters’ building. Also, 
1964 funds are being used for the three 
major studies (AT&T — $1,079,600; 
RCA—$1,300,000; STL/ITT—$1,265,- 
000; and $100,000 to Hughes for the 
advanced syncom technology work). 
The total Early Bird cost has been esti- 
mated at between $6.3 and $10.8 mil- 
lion. 

In 1965, ComSat estimates it will 
spend $70 million. This will include 
whatever portion of the $50-60 million 
medium-altitude development effort 1s 
carried through, and probably some ad- 
ditional funding for synchronous-alti- 
tude system development. 


Initial contracts for at least three, 
and possibly four, ground stations to 
be located in the continental U.S. and 
Hawaii are also expected early in 1965, 
pending solution of a dispute between 
ComSat and some of the member car- 
riers and organizations regarding owner- 
ship and control of these stations. The 
stations will cost $5-6 million each, and 
could cost more dependent upon how 
many antennas are located at each site, 
which, in turn, is dependent upon which 
type of system is chosen. Additional 
antennas could raise the cost of each 
site by some $2 million. 

In mid-1965, ComSat is also ex- 
pected to contract for its $10-15 million 
Master Control Center, which will 


handle the system that is put into serv- 
ice beyond Early Bird. These command 
centers will have on-site computers and 
will be tied via teletype to ground sta- 
tions here and abroad and to Cape 
Kennedy and NASA’s Goddard Space 


FCC To Resolve Ground-Stations Fight 


ACTION by the Federal Commu- 
nications Commission is expected before 
Jan. 1 in an attempt to settle a struggle 
between the Communications Satellite 
Corp. and several of the major commu- 
nications carriers. The issue is control 
and operation of the initial U.S. ground 
stations for the global communication 
system. 

The result may be to set a precedent 
for the situation, in which a privately 
owned corporation, under substantial 
government control, must both cooper- 
ate and compete with private common 
carriers. 

Both sides argue they are best quali- 
fied to meet the requirements for the 
ground stations set up by the Commu- 
nications Satellite Act of 1962. Each 
_ sees in the other a potential conflict of 
interest. 

Under the Act, the FCC was given 
| power to grant authorization of the sat- 
ellite terminal stations to ComSat, the 
common carriers, or both, according to 
what would “best serve the public inter- 
est, Convenience and necessity.” 

@ The squabble—In August, Com- 
Sat asked the FCC for a rule giving it 
exclusive Ownership and control of the 
initial stations. Five common carriers, 
a union representing communications 
employees and an association of inde- 
pendent telephone companies filed state- 
ments asking that the request be denied. 

American Telephone & Telegraph 
Co., largest stockholder in the corpora- 
tion, charged that such limitation of 
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ownership would be illegal under the 
Communications Satellite Act. Other 
common carriers stressed they would 
be better qualified to fulfill requirements 
for the stations. 

In its answering petition, filed last 
month, ComSat re-emphasized its need 
for the ownership and control, but sug- 
gested that its primary objective-—a 
prompt decision on station ownership— 
might also be accomplished by a licens- 
ing procedure. 

ComSat officials stress the need for 
immediate action so the stations can be 
operating when the communications sys- 
tem goes into effect in 1966. Leadtime 
for ground stations is approximately 18 
months. 

@ ComSat requests bids—At the 
same time, ComSat issued RFP’s to 15 
companies for research data and con- 
sultant services for definition of design 
and performance requirements for the 
stations. Six firms replied and one or 
more will be selected to do the work. 
Those answering were AT&T; ARCS 
Industries; Daniel, Mann, Johnson & 
Mendenhall; Hughes Aircraft; Page 
Communications Engineers; and West- 
inghouse Electric Co. Winners will be 
restricted from supplying hardware for 
the stations. 

Among the arguments put forth by 
ComSat is the fact that as owner of the 
terminal stations, it would have no con- 
flicting interest in competing forms of 
international communications. A com- 
mon carrier owning the stations would 
have less interest in adapting new de- 


velopments to the satellite system, the 
corporation maintains. 

ComSat also feels that because of 
the problem of multiple access, the num- 
ber of U.S. stations should be limited to 
four. Common carriers competing for 
ground station business would be likely 
to exceed this number and thus weaken 
satellite transmission, ComSat fears. 

e@ Conflict of interest charged—The 
corporation is also charged with a conflict 
of interest that would freeze technology. 
A statement presented to the FCC by 
the Radio Corp. of America says that if 
ComSat owned and operated the sta- 
tions, “it would have little economic 
incentive to advance development of an 
improved multiple access system. There 
would be a natural tendency to delay 
the introduction of a technology that 
would render obsolete the investments 
by ComSat and the foreign carriers.” 

The situation would also reduce the 
American carriers to a “second-class 
citizenship,” said RCA. Terminal sta- 
tions in foreign countries will be con- 
trolled by authorized communications 
entities of those countries. ““We believe 
American carriers are entitled to treat- 
ment no less favorable,” the company 
told the FCC. 

The concept of the satellite corpora- 
tion’s function was to be as a “carrier’s 
carrier,” the statement continued. Com- 
plete ownership and control of the sta- 
tions would result in ComSat pre-empt- 
ing the role of the present carriers in 
offering communications services di- 


rectly to the ultimate user, RCA said. 
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CUTAWAY VIEW of proposed TRW/ITT controlled-orbit medium-altitude commercial 


communications satellite. 


Flight Center. The center is planned 
for lirnited operation in late 1966 and 
full capability in late 1967. 

In 1966, ComSat spending will rise 
sharply under the burden of full scale 
development efforts and early launch 
costs. Estimates made in September at 
the first annual shareholder’s meeting 
indicate expenditures during 1966 of 
about $100 million; however, ComSat 
president Dr. Joseph V. Charyk told 
M/R that some of these costs should 
be more realistically placed in 1967, 
which would up the 1967 figure above 
the original $20-30 million level and 
reduce somewhat the 1966 peak. 

ComSat is also expected to develop 
a continuing R&D program with an an- 
nual budget of ‘‘a few million dollars,” 
according to planners. 

© Foreign investment—One of the 
ironies of the corporation’s budget 
stems from its association with the 13 
other nations that signed an interim 
five-year agreement last August to par- 
ticipate in the global system develop- 
ment. Under the terms set down at that 
time, ComSat was committed to provide 
some 61% of the capital, with the other 
countries providing the remainder 
(Europe-combined 30.5%, Canada 
3.75%, Australia 2.75%, and Japan 
2%). 

The result of the stock issue yielded 
$196 million, and another $75-80 mil- 
lion has been paid in by the foreign 
partners. Since it is very likely that the 
overwhelming amount of spending for 
the initial Early Bird and follow-on op- 
erational system will be spent in the 
U.S. (though foreign firms will be in- 
vited to bid), ComSat, in effect, repre- 
sents one of the major, and perhaps the 
only, substantial investment ever made 
by European governments in work to 
be performed in the U.S. by U.S. com- 
panies. This results in a sort of reverse 
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gold flow, and is not exactly the most 
beloved part of the interim agreement 
by the foreign investors. 

Though this is good propaganda 
material, a closer analysis shows that 
what the foreign investors are really 
buying in these early years is an in on 
the technology. In this way, when a per- 
manent agreement is being investigated 
in 1969 and perhaps the next genera- 
tion comsat system is being planned, 
the foreign entities, in effect, will have 
put together a “deterrent,” not so much 
in the form of an existing foreign- 
sponsored system, but in that they will 
have the technology at hand to occupy 
a very strong position at the negotia- 
tions attempting to set up the next 
agreement. 

When that time comes, it will still 
remain for foreign investors to weigh 
the manner in which the corporation 
has operated over its first five years, its 
profitability, the amount of foreign 
money already invested in it, and the 
cost of setting up a competitive system, 
even though they are then capable of 
doing so. 

® Foreign motivation—Foreign na- 
tions, however, are expected to share 
considerably in ComSat research pro- 
grams and also may be expected to 
carry off some of the subsystem con- 
tracts from the prime _ contractors 
designing the chosen systems. ComSat, 
however, is only under an obligation to 
get the best equipment at the best price 
and in the most efficient manner. There 
are distribution provisions for cases 
where the bids are roughly equal. 

Prior to the award of the three ma- 
jor systems studies, ComSat attempted 
to pin down four basic items which, in 
turn, would keep the individual design 
variables to manageable proportions. 
These four items included comsat traffic 
estimates, launch vehicle costs and 


probability of success, ground station 
costs, and satellite lifetime. 

The traffic estimates used were those 
settled on at an international communi- 
cations meeting in Rome last winter. 
The predicted satellite two-way voice 
traffic demands, above that which can 
be handled by other means, indicated 
a need for 270 circuits in the 1966-68 
period, 400 by 1969, 600 by 1970, 800 
by 1971, and 1,200 by 1972. 

The intent of ComSat, explains Dr. 
Spencer W. Spaulding, manager for 
systems analysis, is to make a profit 
based on this published traffic estimate. 
Planners are well aware of the “elas- 
ticity” of the demand into other areas 
for comsats once they are proved, how- 
ever, “we want to make money without 
this marginal area business, but if it 
should come the effect might be to pro- 
vide more service to more people at 
cheaper rates.” 

ComSat planners also feel they now 
have a better handle on launch vehicle 
success probabilities, improved over the 
first conservative estimates, and that 
ground station cost estimates are also 
better defined. Although the three or 
four ground stations to be built will 
probably be similar in design, the reli- 
ability and long lifetimes associated 
with commercial stations such as these 
is expected to make costs slightly above 
that which would be normally expected 
in multiple procurement. 

Whichever of the four launch ve- 
hicles the corporation chooses (see box, 
p. 140), the operational satellite system 
will operate in the 6-gce band for the 
“up” link and in the 4-gce region for 
the “down” link, will employ relatively 
straight-forward wide-band FM_ sys- 
tems operating with feedback receivers 
on the ground, with no on-board multi- 
plexing, and with whatever complexity 
is not avoidable being built into the 
ground stations. The operations initially 
will use frequency division multiplex- 
ing. Expanded bandwidth in future 
satellites will probably allow some of 
the more complex multiplexing schemes 
which, in turn, provide increased mul- 
tiple access capabilities. 


HARDWARE AND R&D 


Details on the four major satellites 
in ComSat’s future, the ground stations 
with which they will operate and the 
program of future R&D to support 
more advanced systems, follow: 

@ Early Bird—In March, ComSat, 
using a Thrust-Augmented Delta 
launch vehicle, will attempt to place the 
first Early Bird satellite (sometimes 
known as HS-303, but which may wind 
up being called “ComSat-1”) into a 
synchronous orbit, 22,300 miles above 
the mid-Atlantic. 

Early Bird is termed an experimen- 
tal-operational satellite. The experi- 
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The TR-711 Receiver is modular in construction and can 
be supplied with. a complete complement of plug-in 
modules including RF tuning units from 100 to 2300 mc, 
IF amplifiers with 10 kc to 3.3 mc bandwidths, AM, FM, 
and phase demodulators, and plug-in spectrum display 
unit, oscilloscope, predetection up and down converter, 
or high capture ratio discriminator. Any combination of 
plug-in modules can be utilized, thus providing unlimited 
receiving combinations adaptable to any known or pro- 
jected telemetry system. 

Characteristics and accessories are described in Bul- 
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mental portion will last about six weeks, 
and then the satellite will go on the air 
commercially, hopefully providing 240 
channels of two-way voice traffic be- 
tween North America and Europe. 

ComSat has leased the AT&T horn 
antenna at Andover, Me., for the Early 
Bird experiments. The station will oper- 
ate with four European stations, at 
Pleumeur-Bodou, France;  Raisting, 
West Germany; Goonhilly Downs, Eng- 
land; and a small station at Fucino, It- 
aly, which will not be used after the 
initial six-week experiment. The stations 
will alternate each week, operating just 
two at a time. The Canadian station is 
expected to join the net in late 1965 
and details on its participation are now 
being worked out. 


ComSat bought two complete Early 
Bird satellites and parts for a third. It 
also has an option for 10 more, though 
this is not likely to be exercised without 
going to an advanced version. The sec- 
ond satellite could be launched into 
roughly the same area about six weeks 
after the first, and could serve as a back- 
up in the event of failure or as addi- 


tional channel capacity if the demand: 


expands beyond the single satellite’s 
capabilities. The second satellite could 
also be used over the Pacific, though a 
less likely possibility. 

The third satellite, according to Com- 
Sat, could be ready to launch about five 
months after the first. 

Early Bird is a spin-stabilized satel- 
lite, as is Syncom III, but it will operate 


ComSat Ponders Launch Vehicles 


COMSAT is now considering 
four basic launch vehicles for the 
operational system. They are the 
Thrust-Augmented Thor-Agena, At- 
las-A gena, Improved Delta and Titan 
I, These vehicles would have ap- 
proximately the following lifting ca- 
pacities for ComSat satellites: 

The TAT-Agena combination 
could place two of the STL/ITT 
satellites into medium-altitude polar 
orbit on a single launching, or four 
of the lighter AT&T/RCA satellites. 
The vehicle is not being considered 
for syncom use. The Atlas-Agena 
could carry at least four of the STL/ 
ITT variety and seven of the AT&T/ 
RCA types. The Improved Delta 
coukd loft two AT&T/RCA satellites 
or one STL/ITT vehicle. The Titan 
II could lift four of the STL/ITT or 
six of the AT&T/RCA satellites. 

The AT&T/RCA satellites are ex- 
pected to weigh about 125 Ibs. each 
and the STL/ITT approach will re- 
sult in a 250-Ib. satellite. 

The advanced syncom, if it were 
developed, could range in weight be- 
tween about 120 lbs. and perhaps 
more than 350 Ibs, (one 700-Ib. ver- 
sion has been proposed), depending 
basically on what areas ComSat seeks 
to improve. For example, by going 
to a two-transponder operating de- 
sign, the weight might be held to 
about 120 Ibs. (the EB weighs 90 
Ibs., exclusive of the apogee kick 
motor) which could be orbited by an 
Improved Delta. 

If more refinements were added, 
pushing the satellite’s weight up to 
about 350 lIbs., then two such satel- 
lites could be lifted by a single A tlas- 
Agena. \he Titan IJ is not believed 
to be a major candidate for use with 
syncoms. 

ComSat recently issued requests 
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for proposals to the four contrac- 
tors whose boosters are under con- 
sideration: Martin Co. (Titan II); 
Douglas Aircraft (Jmproved Delta 
and TAT); General Dynamics Corp. 
(Atlas); and Lockheed Aircraft 
Corp. (Agena). By the first of the 
year, ComSat is expected to evaluate 
contractors’ responses and award 
studies (possibly multiple) to deter- 
mine the detailed capabilities or ad- 
vantages of each booster with either 
satellite design. 

Whatever ComSat chooses, it may 
have some troubles. For one, launch 
into a medium-altitude polar orbit 
will have to take place from the West 
Coast, but only the TAT-Agena has 
acquired much operational experi- 
ence from the Western Test Range. 
The Improved Delta, for example, is 
basically a NASA vehicle to be used 
from Cape Kennedy and is not now 
being set up for polar orbital shots 
from the West Coast. 

For another, there are no exist- 
ing facilities for the TAT-Agena at 
the Eastern Test Range, and while 
this vehicle is not planned for use 
with a syncom (which would be 
launched from ETR), it could pos- 
sibly be considered as a launch vehi- 
cle to place some controlled-type 
medium-altitude satellites in an equa- 
torial, rather than a polar, orbit to 
augment coverage. 

What this boils down to is, once 
again, flexibility. “We don’t want to 
get backed into a corner on any one 
particular booster too early in the 
program,” says one Official, who also 
makes the point that there is some 
advantage accruing to vehicles that 
can Operate out of both ranges with 
relative ease, and also perhaps for 
those with a second-stage offering 
some maneuvering capability. 


on different frequencies, use a higher 
powered (6 watts) traveling-wave-tube 
(Syncom II uses a 2-watt twt), and a 
narrower beam (10 degrees) toroidal 
antenna radiating a doughnut-shaped 
pattern which is “squinted” for higher 
effective power over the North Atlantic 
route. This will yield about a 4-db im- 
provement over Syncom II]. 

® Profit potential present—Although 
Early Bird is tagged with an experimen- 
tal-operational designation, the satellite’s 
ability to produce income has been gen- 
erally overlooked in favor of the second- 
generation operational system to follow. 

The fact is that a single Early Bird 
satellite has the capability to produce 
perhaps as much as $30 million for the 
corporation’s ledger, This figure is ar- 
rived at by taking the total number of 
the channels (240) and multiplying 
them by the per channel annual rate, 
which has been estimated as in the 
neighborhood of $120,000, though this 
is completely unofficial. In fact, all Com- 
Sat rates will be regulated by the FCC, 
both the rate of profit and the rates 
charged the customer. 

If the $120,000 rate turns out to be 
roughly correct, it would also illustrate 
the economies that commercial commu- 
nications satellites can offer. The annual 
rental charge on a single circuit between 
the U.S. and Europe now via cable is 
believed to be about $240,000, or twice 
that of the figure being used as an ex- 
ample for ComSat. The current rental 
rates to common carriers are believed to 
be less expensive. 

AT&T has already indicated it will 
lease 100 channels on Early Bird, and 
the Canadian government has report- 
edly expressed an interest in about two 
dozen more. Additional leasings are ex- 
pected, probably including some from 
the U.S. government, including the mili- 
tary. Furthermore, if Early Bird is suc- 
cessful and the 300-ms time-delay in- 
herent in two-way voice communica- 
tions with synchronous-altitude satellites 
does not prove to be too objectionable, 
it is possible that the satellite could cre- 
ate its own increased demand over the 
Atlantic or perhaps to South America 
and capitalize on income from a second 
240-channel satellite. 

Echo suppressors, devices that re- 
duce the bounce effect that becomes an- 
noying over very long distances, are 
being installed in certain U.S. and Euro- 
pean phone systems in preparation for 
the Early Bird experiments. Most of the 
R&D on these devices has gone on in 
industry, and is continuing because ad- 
ditional improvements are sought. 

@ Hughes study—The $100,000 
study awarded to Hughes was not in 
fact for a completely new advanced 
synchronous-altitude satellite design, 
but, as ComSat Engineering Div. Man- 
ager Sidney Metzger told M/R, to see 
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*The Communications Satellite Corporation (Comsat)—Comsat fi establish, in cooperation with other countries, a 


THE TRW DESIGN (one of three compet- 
ing systems under study for the Commun- 
ications Satellite Corporation) — 


Phased — Satellites spaced evenly in each 
of several “rings,”” for continuous global 
coverage and high protection against 
service interruptions. No control required 
after initial placement. 


Medium altitude — Satellites can operate 
in polar, inclined or equatorial orbits. 


i 2 


-wide intercommunication 


Gravity-gradient stabilization—Com- 
pletely passive attitude control, utilizing 
the force of gravity to orient the satellites’ 
antennas toward earth. 


Channel capacity —Can handle 1200 two- 
... way telephone conversations or two tele- 
vision broadcasts simultaneously. 


Satellite life—Five years average, more 
than ten years to wearout. 


TRW SPACE TECHNOLOGY LABORATORIES 


THOMPSON RAMO WOOLDRIDGE INC. 


what could be done in this area by 
changes in booster capability, and im- 
proved electronics. 

Specifically, Hughes is looking into 
what could be done if either the /m- 
proved Delta or Atlas-Agena launch 
vehicle was substituted for the Thor- 
Delta to be used in the Early Bird 
launch; whether a 75-mc, wideband re- 
peater without a limiter that would 
make the system more amenable to mul- 
tiple ground station access to the satel- 
lite could be developed; and whether a 
simpler scheme could be developed for 
electronically de-spinning the satellite’s 
antenna. 

Based on the Hughes work to date, 
sufficient numbers of solar cells could 
be added to an advanced syncom to per- 
mit use of two traveling-wave-tubes, one 
for each direction of communications 
travel, with a resultant gain of about 
4 db in signal. Though the Early Bird 
also has two twt’s, only one actually 
operates, with both carriers passing 
through the same one resulting in an 
equivalent degradation. 

The ability to supply more power 
would in effect give ComSat planners at 
least two new options for an advanced 
syncom. By using a higher gain direc- 
tional antenna, planners here estimate 


that up to 1,000 voice channels would 
be possible; or, by going to a wider- 
beam antenna, the satellite would lose 
some db and slip back to Early Bird 
channel capacity but would be able to 
have greater coverage, extending to 
more than North America. 

In its original proposals, Hughes de- 
signed a 600-duplex-channel system, 
that would also be capable of converting 
to provide two high-quality TV chan- 
nels. One of the major incentives for 
development of an advanced syncom in 
a mixed system might well be its demon- 
strated capability to broadcast live TV 
across one-third of the globe. 

ComSat scientists also report that 
Hughes expects to have a completed 
breadboard model of the simplified elec- 
tronically de-spun antenna by February. 

In a somewhat related area, ComSat, 
under its R&D program, is now nego- 
tiating a contract with General Electric 
for study of a mechanically de-spun 
antenna. 

@ Advanced syncom possible by ’66 
—Should the corporation signal a go- 
ahead for an operational advanced syn- 
com system, it could possibly be in oper- 
ation by late 1966. For a complete 
global system, six satellites would prob- 
ably be used, though there would have 


to be a build-up of communications ter- 
minals in the Far East, for example, 
before it was practical to put satellites 
over the Pacific or Indian Ocean. 

If ComSat decides to fund develop- 
ment of a medium-altitude system and 
to use a synchronous system as an in- 
terim system, then it is expected that it 
would attempt to feed in as much of 
the advanced syncom design as is pos- 
sible. This should be possible, top offi- 
cials here point out, since the first flight 
test of the Improved Delta is expected 
by late 1965. 

The potential advantages of syn- 
chronous-altitude satellites are sub- 
stantial. The approach requires fewer 
satellites than the competing medium- 
altitude system and therefore is likely 
to be less expensive. The tracking re- 
quirements with these satellites are also 
easier, enabling use of fewer, and less 
expensive antennas. These two features 
also combine to reinforce what might 
come to be a mixed system. 

Planners point out that single syn- 
coms, or pairs, could also be used to 
extend satellite service into new areas 
which lie beyond the range of coverage 
of an existing polar-orbiting medium- 
altitude system—possibly for less than 
it would cost to add on to a medium- 
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REEVES INSTRUMENT NEWS 
_—— 


Reeves Instrument Company Offers 
Flexible Full-Capabilities Concept: To- 
day, with both aerospace and defense 
programs demanding an ever-increasing 
degree of sensitive instrumentation, 
Reeves Instrument Company of Garden 
City, New York, has caught the attention 
of the industry because of its unique 
abilities in this field. 

Reeves’ integral setup at its Long 
Island plant operates both horizontally 
and vertically through a flexible man- 
agement structure, which puts not only 
the top corporate thinking of Reeves at 
its clients’ service, but enables every 
Reeves group and department to borrow 
both know-how and personnel from the 
various Reeves departments, and from 
other divisions of the parent-company, 
Dynamics Corporation of America, as 
well. 

At Reeves, Research & Development 
groups, Engineering, Production, Test- 
ing and Quality Assurance, and Costing 
teams at every work stage —all mesh in 
an effort that provides each client job, 
large and small, with the greatest pos- 
sible concentration of scientific-engineer- 
ing specialists. The over-all results of 
Reeves’ flexible internal structure have 
been the development of a number of 
flexible, top-quality, reliable products; 
the company has evolved a production 
facility second to none in this deadline- 
conscious field; and finally, Reeves In- 
strument Company has been the re- 
cipient of many top-flight contracts and 
projects. 

Reeves ROTODOME: New Concept In 
Antenna Systems Design: Reeves ROTO- 
DOME is a precision, two axis antenna 
system with a spherical enclosure. The 
ROTODOME’s enclosure moves in both 
azimuth and elevation on its pedestal. 
This highly-developed Reeves system 
assures either land or shipboard installa- 
tions of minimum boresight shift, mini- 
mum induced foundation loading, max- 
imum servo bandwidths, and excellent 
environmental and RFI protection. Es- 
pecially, Reeves Instrument Company's 
new enclosed antenna system minimizes 
wind-induced torques far better than 
any existing design. Specialists in the 
field regard the Reeves ROTODOME 
as a genuine breakthrough in this im- 
portant area—easy to install, easily adapt- 
able, with a basic design that withstands 


Reeves ROTODOME™: 


an authentic breakthrough 


¥ 


shock, blast and vibration. 
ROTODOME is but one example of 
Reeves’ capabilities in the precision ped- 
estal field, offering designs ranging from 
two-foot airborne models to massive 
fifty-ton stabilized shipboard pedestal 
systems supporting 30-foot reflectors. 
—— 


12 1G Gyro: Withstands 500 Gs 


Reeves Miniature Gyro Unaffected By 
500 Gs: One of the most effective prod- 
ucts developed by the Reeves Instru- 
ment Company’s interlocking full-capa- 
bilities facilities at Garden City, Long 
Island, is the 12 IG Gyro—a miniature, 
integrating gyro which proves out at 
500 Gs with no degradation in perform- 
ance. This makes the 12 IG Gyro un- 
questionably the ideal choice for today’s 
most advanced inertial reference or sta- 
bilization systems. Only 1.25” in diam- 
eter, the 12 IG weighs but six ounces. 
Standard specifications include 0.1° ran- 
dom drift rate and less than 1°/hr/g 
acceleration sensitivity. 

Reeves REAC® 550 Speeds Aero- 
dynamics, Aerospace Problem-Solving: 
The flexibility, accuracy and reliability 
of the new modular Reeves REAC 550 


;, 


Supersonic turbulence-flow testing (a typical problem for the REAC 550) 


make it especially useful in solving the 
growing problems that crowd the aero- 
space and aerodynamics fields today. 
This is due to the new REAC 550’s 
simplified setup for programming and 
problem-solving plus its great simultane- 
ous simulation capabilities, and other 
advantages. 

In aerodynamics today, the REAC 550 
is involved in many projects and con- 
tracts, assisting such diverse disciplines 
as theoretical physics, systems engineer- 
ing, applied mathematics. Also, the ad- 
vanced computer is providing solutions 
to problems in such vital aerospace areas 
as missile structures, space environment, 
structural fabrications and many other 
present and projected problems. 


Typical Reeves Pancake Resolver 


Reeves Resolvers Provide Almost 
Limitless Capability: The small pancake- 
tvpe resolver shown above is only one 
among the Reeves Instrument Com- 
pany’s unique, broad-range group of 
resolvers, synchros, gyros and other com- 
ponents used by many governmental and 
commercial organizations. Built to cus- 
tom specifications, Reeves offers a full 
line of stock models, including 10-second 
dual and single speed units, multi-speed 
designs, and tandem arrangements. 


REEVES INSTRUMENT COMPAKY 


Garden City, New York “x " 
Division of Dynamics Corporation of America ‘ 


altitude system, and also at less cost to 
the potential new users who may be 
able to get in on these operations with- 
out heavy investment in multiple track- 
ing antennas. 

® Time delay a headache—Syncoms, 
however, are not without their prob- 
lems, the biggest of which is the time 
delay. International agreements now 
state that one-way (that is from the 
ground station to the satellite and down 
to another station on Earth) time- 
delays of 150-ms are acceptable; that 
those between 150- and 400-ms are 
provisionally acceptable (this is where 
Early Bird falls); and above 400-ms is 
unacceptable. Just how troublesome or 
annoying this feature proves to be is 
probably the biggest single unknown 
about these satellites and could rule 
heavily against their use for voice traf- 
fic. It would not affect their ability to 
handle data traffic or their capability 
for providing continuous live interna- 
tional TV programming. This approach 
is far less complicated than the track- 
ing antenna ‘“hand-over” procedures 
necessary with lower-altitude multiple- 
satellite systems. 

ComSat planners, in addition to 
evaluating what Hughes proposes in 
the way of added capabilities, are also 
still concerned over the lifetime of 
moving parts, opening and closing in 
space, associated with syncom position- 
ing equipment (another penalty). 

Though all three approaches under 
study are within the state-of-the-art, the 
one being pursued by the AT&T/RCA 
team has the best chance, There are 
fewest unknowns with this approach, 
and perhaps that is its strongest argu- 
ment. 

AT&T, with its pioneering Telstar, 
scored heavily for its policy of using 
only those components and those tech- 
niques that are best known and most 
reliable. Telstar I (successfully 
launched in July, 1962) though still in 
orbit, is no longer transmitting. Telstar 
II, launched in May, 1963, is also still 
in orbit and is still transmitting, though 
it did become silent for a four-week pe- 
riod during the summer of 1963. 

Relay I, RCA’s first entry into the 
field, was launched in December, 1962, 
and, despite a failure of one of two on- 
board transponders, the back-up system 
aboard the spacecraft continues to func- 
tion. Relay IJ, launched in January, 
1964, is still operating successfully. 

@ AT&1T/RCA plan—The AT&T/ 
RCA propos! calls for a random sys- 
tem of 18 sate!/ites in a circular polar 
orbit of 6,000 1 altitude. Such a 
system as propos would provide 
about 530 two-way e circuits, or 
capabilities for other message traffic or 
facsimile and two TV channels, one in 
each direction. Each satellite would 
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contain two active repeaters, each ra- 
diating about 4 watts. 

AT&T and RCA, in their initial 
proposal, estimated that based upon 
their experience with operating me- 
dium-altitude satellites, the improve- 
ments that could be made in more 
heavily protected solar cells, and the 
reliability data accumulated on the 


twt’s to be used (11 of these have re-- 


portedly been on life test for seven 
years) a 10-year satellite lifetime could 
actually be made a design objective. 
However, for purposes of ComSat’s 
“guarantee” formula, the firms are pro- 
posing a five-year lifetime figure. 

The STL/ITT proposal calls for a 
medium-altitude system with control 
systems on-board for satellite position- 
ing and spacing in orbit relative to one 
another. Because of this, fewer satellites 
will be required, though again, as in a 
syncom approach, a weight penalty is 
paid for the control system. 

@ STL/ITT approach—The STL/ 
ITT system would require about 12 
satellites in a 6,000-mi. circular orbit. 
Also included in the satellite design is 
the use of a gravity-gradient stabiliza- 
tion system that would provide con- 
tinuous Earth-orientation for each sat- 
ellite’s antenna and thereby provide up 
to 1,200 voice channels each, with al- 
ternatives for other data traffic and TV. 

While this system represents per- 
haps the biggest gamble of all three ap- 
proaches, corporation planners told 
M/R that they would not have come 
this far with this approach if it had 
not been felt that the technology was 
feasible. The biggest unanswered ques- 
tion is that of gravity-gradient stabili- 
zation. Each satellite would have six 
30-ft. booms that would extend in or- 
bit to achieve the proper orientation. 
“If one doesn’t go out, or goes just half 
way out, you've had it,” one scientist 
told M/R. “On the other hand, if they 
work, we don’t really know what will 
happen after a year in space.” 

ComSat, however, is well aware of 
what the Air Force and NASA have 
been studying regarding gravity-gradi- 
ent systems, particularly in effect of the 
environment on the boom and its shape. 
The continuation of these programs, 
and some experiments that should take 
place before next fall, are expected to 
play a part in the ComSat decision as 
to its feasibility. The corporation feels 
it can have answers in-hand before it 
becomes necessary to commit substan- 
tial funds for development. 

In the electronics area, one ComSat 
scientist points out that STL’s highly 
successful Nuclear Detection Satellites 
have yielded enormous numbers of fail- 
ure-free component hours. Each satel- 
lite has about 20,000 components and 
two of these satellites have now been 
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operating for more than a year and 
two others for about three months, all 
without failure except in the storage 
batteries used, which have been ruled 
out for ComSat. 

The STL/ITT approach also in- 
cludes advanced development in the 
transponder area that could expand the 
75-me bandwidth generally associated 
with an operational ComSat system to 
the order of 150 mc. While the other 
systems use the proven transistor am- 
plifiers, STL is believed to be exploring 
the use of combining tunnel diodes and 
low-level twt’s in an intermediate power 
stage in order to broaden the total band- 
width. 


® Ground station questions—The 
development of ground stations in the 
U.S. and Hawaii to handle the opera- 
tional system is now in an unsettled 
state, and is likely to remain so until 
the FCC rules on the contesting peti- 
tions between ComSat, on the one 
hand, and a majority of the member 
common carriers, the communications 
employees union, and the association 
of independent telephone companies, 
on the other. 

(For a detailed discussion of the 
ground-station controversy, see story on 
page 137.) 

The basic question is whether Com- 
Sat will own and operate the ground 
stations. Though the arguments may 
be somewhat soft-pedaled in  pub- 
lic, the behind-the-scenes battling is ex- 
pected to be fierce and the eventual out- 
come is likely to have an effect on many 
future ComSat dealings. An organiza- 
tion such as ComSat, completely unique 
in terms of corporate structure and 
charter, is basically fraught with pos- 
sible conflicts of interest which, if they 
can not be controlled and effectively 
dealt with, could spell trouble at any 
time. 

The key argument made by ComSat 
in response to the objections is that “it 
has no conflicting interest in other 
forms of international communications 
with which the satellite would compete” 
(e.g.—-it owns no cables or land-line 
circuits). 

ComSat says the ground stations re- 
quire an 18-month lead time and it 
would like to get the RFP’s out early 
next year. 

The firm has already asked some 
15 companies to bid on what in effect 
will be a research contract effort aimed 
at drawing up specifications for the | 
major ground station components. Six | 
firms have responded (see box, p. 137). 
A contractor was expected to be selected 
by November; however, until some sort 
of settlement is worked out on the sta- 
tion ownership, the ground station 
effort will go no further into hardware 
procurement. Corporation officials say 
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Multi-unit array of Ling’s Model 310 Thruster 
provides unlimited force capability. 


Problems related to testing of massive packages have been solved 


by the multi-unit application of the Ling Model 310 Thruster. 


Government agencies and prime contractors are now employing 
Thruster Clusters on practical tests. Compact thrusters apply 


vibration forces directly to selected input points of larger spec- 


imens. Frequency range is 5 to 2,500 cps and each thruster 
has a force rating of 10,000 pounds. Force ratings to 100,000 
pounds are readily achieved. Lightweight armature elements 
allow excitation of the test package with a controlled forcing 
function, yet with a minimum of undesirable loading. Model 311 
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Base supports the thruster in the vertical position. A volume of 
air under pressure provides a 2 cps natural frequency suspension 
for the isolation of high forces at low frequencies. Model 312 
Base supports the thruster in the horizontal position; the support 
base provides isolation of the thruster body from the leveling 
base. Model 318 supports the thruster in the vertical position, 
and is designed for rigid attachment to a supporting base struc- 
ture when isolation is not desired. Air bearing surfaces on the 
base substructures are utilized in the 311 and 312 bases to permit 
precise alignment to the load, In common with all Ling Shakers 
the 310 Thruster is readily adaptable to environmental chamber 
application. For details of Model 310. and complete explanation 
of concept, write Ling, Dept. MR-1164, at the address below. 


LING ELECTRONICS DIVISION 
LING-TEMCO-VOUGHAT, ING. 
1515 SOUTH MANCHESTER AVE.; ANAHEIM, CALIF. « PR 4-2000 AREA CODE 714 


DESIGNERS AND MANUFACTURERS OF SUPERPOWER VLF, SONAR TRANSMITTERS, AND PULSE MODULATORS 
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out of a 38 db noise background 
and reproduce it clean at Iv rms. 


with INTERSTATES AUTOMATIC 
SIGNAL TRACKING FILTER 


s Automatic Bandpass Filter = AM and FM Demodulator =" Automatic 
Doppler Signal Tracker ™ Variable Bandpass: 2.5 to 100 cps = Wide 
Frequency Range ® Solid State ® Third Order Filter = Reliable. 


This all solid state variable bandpass filter picks a signal out of —38db 
signal: noise. Its center frequency locks to the frequency of the signal to 
be tracked, then tracks it anywhere © {27% —= 7 
through a 100 cps to 120 ke spec- Ad —_— ak 
trum. Output is a clean replica of the 
tracked signal. Send for brochure. 


at Torslale ELECTRONICS CORPORATION 


JBSIDIARY OF INTERSTATE ENGINEERING CORPORATION 
707 East Vermont Avenue, Anaheim, California 
Telephone: (714) 772-2222, TWX (714) 776-0280 
Worldwide Representatives 
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these studies will also be helpful to the 
carriers should they win the battle for 
control. 

®@ Diverse terminal types—Actually, 
the design of satellite ground terminals 
has followed no real pattern among 
those already built. As Metzger points 
out, there are five major stations and 
four different designs; The Bell System 
antenna at Andover is a horn type, the 
one in France is a copy of it, the Ger- 
mans have designed a Cassegrainian 
system using a horn feed, the British 
use a parabola with a front feed, and 
the Canadians will use a Cassegrainian 
with a monopulse feed. 

Under the ComSat concept, there 
will be either three or four new ground 
stations built for U.S. participation, 
basically depending upon which satel- 
lite system is chosen. 

With a medium-altitude system, 
four sites would be built, three in the 
continental U.S. (one in the East, one 
in the West, and one in the Southeast) 
and one in Hawaii. With a synchronous 
system, the Southeastern U.S. site would 
not be needed. 

Medium-altitude satellites will re- 
quire multiple antennas for the “hand- 
over” problem as one satellite passes 
below the horizon and another takes 
its place in antenna view. Though syn- 
chronous satellite communications can 
be done with relatively fixed dishes, 
planners here feel that it would not be 
wise to forsake building of steerable 
antennas for use with syncoms in the 
interest of what might turn out to be 
wasted savings. 

Because of its location, the Hawaii 
station would need two antennas to 
operate with a global syncom system. 
Though priorities have not yet been 
fully established, it is likely that pres- 
sure to get a facility on the West Coast, 
where a permanent antenna for these 
purposes does not now exist, would 
start the program there. 

While the details for these stations 
are still to be spelled out, ComSat gave 
M/R its generally technical require- 
ments. For one, the antennas used will 
be high-gain (55 db) 85-ft dishes, or 
equivalent aperture designs. The sta- 
tions will use state-of-the-art, but “cus- 
tom built,” modulators and receivers 
for the wideband FM communications 
system. Maser receivers are to be used, 
and a system noise temperature of 50° 
K. is predicted for the worst case (low- 
est elevation), and perhaps as low as 
25°-30° K. for the highest pointing 
elevations. Transmitter output is expect- 
ed to be on the order of 5-10 kw. The 
basic transmitter/receiver equipment 
will be compatible with either type of 
satellite system. 

In other ground station develop- — 
ments, the Japanese are now using a 
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OGO’S OUTER SP 


ACE TEST TUBE 


A COMPLETE PROJECT BY CBal 


A new space simulation system 
which is now being used to test 
NASA’s Orbiting Geophysical Obser- 
vatory (OGO) spacecraft was com- 
pletely designed and supplied by 
CBal. 

This is the largest system designed 
and supplied by a single contractor, 
without subcontracting the chamber, 
thermal system or vacuum system. 

CBal was awarded the complete 
project by TRW Space Technology 
Laboratories, designer and builder of 
OGO and other spacecraft in the na- 


year & 


tion’s major space programs. The 
TRW installation is further demon- 
stration of CBal’s outstanding repu- 
tation for designing, fabricating and 
constructing complete space simula- 
tion systems. 

The next time you have an envi- 
ronmental testing system to be built 
—for space simulation or not—call on 
CBals complete capabilities. A 
“world of experience” awaits your in- 
quiry. Chicago Bridge & Iron Com- 
pany, Oak Brook, Illinois. Offices and 
subsidiaries throughout the world. 

CB-6320-R1 


designs them! 
builds them! 
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“Test tube” for OGO... 


The high vacuum and tempera- 
ture extremes needed to bring 
outer space down to earth are 
created inside a 30-foot diame- 
ter stainless steel Horton- 
sphere.® Here vacuums to3x10°9 
torr (equal to a 380-mile alti- 
tude) will be reached, with tem- 
peratures from —30 to +275°F. 

Super-efficiency of the vac- 
uum system was proved in test 
when 1 x 10°6 torr was reached 
in less than three hours of an 
allotted 12. A special feature of 
the system is the diffusion 
pump trap — designed and sup- 
plied by CBaI — which permits 
egress of gas molecules while 
preventing entrance of oil mole- 
cules from the pump. 


{ 


... for in-plant protection against 
injury from contamination by caustics, 
chemicals, radioactive materials, etc. 
Provide emergency first-aid with 
HAWS “fool proof” equipment! 


) MOOEL 7760-8T 
Eye-wash with 
face spray ring. 


MODEL 7900 
Eye and face spray. 


au 
~— 
MOOEL 7300 


Cast aluminum eye-wash. 


EM ERGENCY Facial areas are 
instantly flooded with 

FYE WASH relieving water, from 
wall or pedestal 

FACE WASH mounted -units. 


MOGEL 8162 
Qver-the-door shower. 


MOOEL 8600 
Fiberglass 
decontamination 


MOOEL 8300 
Shower and 
eye-wash 
combination. 


DECONTAMINATION ae, 
DRENCH lel 
SHOWERS 


Both multiple nozzle and single head 
showers wash away dangerous matter 
from body and clothing. 


Haws manufactures a complete line of emergency eye-wash, 
face-wash and drench shower equipment. For full information and 
Specification details write for Haws Safety Catalog. 


W/S= EMERGENCY EQUIPMENT | 
YW/G__EMERGENCY EQUIPMENT 


=== 1443 Fourth Street e Berkeley 10, California 
Since 1909 


“Sy Vie 
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60-ft. dish in experiments with Telstar 
and Relay and are also building a 90- 
ft. dish. 

In order to place a synchronous 
satellite over the Pacific for use between 
Japan and the U.S., a West Coast sta- 
tion will be required in the U.S. and, 
perhaps even more importantly, the 
Japanese would have to decide whether 
or not sufficient circuit demand, in ex- 
cess of that supplied by the first Japan- 
U.S. submarine cable laid this summer, 
would justify the cost. 

The Swedes are also building an 
85-ft. antenna, and there is a transport- 
able 30-ft. dish in Spain built by ITT; 
however, neither of these are expected 
to use the Early Bird system. 


@ R&D plans—Whatever system 
ComSat decides to put into space, it 
does not merit the title of an “ultimate” 
system, with which it has often been 
tagged. Satellite improvements will have 
to be phased in in any case to meet the 
progressive demands of added channel 
capacity, longer lifetime, and better 
quality transmission. 

To support these future needs, cor- 
poration planners are developing an 
R&D program. Discussing the areas of 
possible future funding with M/R, 
they point to: 

—tThe attempt to explore the me- 
chanical options for performing some 
traditionally electronic functions, such 
as the GE contract for a mechanically 
de-spun antenna (using a magnetic 
bearing). 

—For future satellites, ComSat 
will look into new automatic steering 
arrays which can respond to a ground 
station tone signal with a highly direc- 
tional beam. This is akin to the retro- 
directive array systems (M/R, Sept. 
23, 1963, p. 34) which have been 
worked on by Sylvania, Bell Labs, and 
IBM, among others. 

~——Development of higher power 
solid-state power tubes which could cut 
critical power supply weight aboard 
satellites. While ComSat will study this, 
they admit that nothing in this area can 
now approach the highly reliable travel- 
ing-wave-tubes developed in industry 
for power and efficiency. ComSat in 
its earlier days, funded studies on ad- 
vances possible in the t-w-t field (M/R, 
Nov. 11, 1963, p. 35). 

—tThe corporation will keep its eye 
on nuclear radioisotope supplies for sat- 
ellites and new lightweight structures 
applicable to the design. 

—ComSat is also apt to fund study 
of new modulation schemes which 
would have the effect of providing more 
channels per watt. New digital coding 
methods for use with time division 
schemes, which could follow frequency 
division in future systems, is one pos- 
sibility. | 


missiles and rockets, November 30, 1964 


You name it. Sperry is ready, willing and able to provide the guidance, control, data management, communi- 
cations—or complete avionics package—that will help insure the success of the mission.L Sperry is no stranger 
to space needs. Accelerometers for Apollo/LEM guidance... stabilization control studies of space stations 
for NASA’s Langley Research Center... miniature inertial components for satellite control 
... equipping USAF’s new global Range Control Center at Cape Kennedy... energy 
Management and control of re-entry vehicles...Gemini and Apollo beacons...these are 
just a few of our involvements. We’re deep in control subsystems for orbiting vehicles... 


gravity /zero gravity stabilization... precision aerospace guidance and control. So whatever DIVISIONS OF 


. : ane : : SPERRY RAND 
the project, insure the avionics— with Sperry. General Offices: Great Neck, New York. GorpPoRATION 


SPECIAL COMPUTER SYSTEMS PROJECT: 


New CONTROL DATA® 3600 system helps Command Central call their shots. 


The new NASA Manned Spacecraft 
Center (Houston) is inaugurating 
its digital command system, in- 
cluding a powerful new CON- 
TROL DATA 3600 Computer. 
Primary application of the com- 
puter: to minutely go over Gemini 
and Apollo manned spaceflight 
data. Analyze the moment-by- 
moment records of each flight— 
glean information essential to the 
success of the mission, as well as 
other such flights that will follow. 

Compatibility engineered into 
this 3600 system allows it to inter- 


face with two other CONTROL 
DATA 3200 Computers also em- 
ployed here. The space center 
handles collection, preparation 
and reduction of flight-test data 
. .. pre- and postflight checkout 
computations ... rendezvous... 
and supplies vital back-up for in- 
flight, orbit and reentry analyses. 

CONTROL DATA serves the 
World, with hardware, software, 
support in depth—all oriented to 
the user and his methods. For 
details on how CONTROL DATA 
can provide you with complete 
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special systems performance and 
reliability, contact your represent- 
ative; or our Minneapolis address 
direct. Dept. M-114. 


CONTROL DATA 


COR PORAT LOW 


8100 34th AVE. SO., MPLS., MINN. 55440 


Specialized computer systems from 
advanced technology, available today: 


| 


| 
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RCA’s TIROS Project Manager Abe Schnapf (right foreground) canted 26.5°. It will fly early next year. Conventional baseplate, 
surveys the NASA “wheel” version Tiros baseplate, with cameras with cameras protruding beneath, is at left. 
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SPECIAL REPORT: WEATHER BUREAU 
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SPECIAL REPORT: Weather Bureau 


Bureau's Spending Level Will 
Climb Over $40 Billion During 1970's 


Chief calls satellites’ potential ‘overwhelming’; 
expected developments include isotopic power for 
Tiros system, unprecedentedly sophisticated instruments 


AN ISOTOPIC power supply for 
the Tiros operational satellite system, 
cameras with 3-5-yr. lifetimes in orbit 
and new instruments capable of making 
meteorological measurements never be- 
fore obtained remotely are among the 
avenues of new technology being con- 
sidered by officials of the Weather Bu- 
reau’s National Weather Satellite Cen- 
ter (NWSC), Suitland, Md. 

Center Director David Johnson says 
the Bureau’s spending level will be be- 
tween $35 million and $40 million for 
the duration of the Tiros operational 
system (TOS), but that an upturn can 
be expected sometime after 1970 with 
the switch to an advanced system. This 
system would be based on a new satel- 
lite, and would have more ground sta- 
tions and data points than TOS. 


DAVID S. JOHNSON, director, Weather 
Bureau’s Nationa! Weather Satellite Center. 
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Isotopic power supplies appear at- 
tractive to the Bureau as replacements 
for the present Tiros solar cell system, 
which is vulnerable to radiation at its 
750-n.mi, operational altitude. Radia- 
tion damage can shorten the Radio 
Corp. of America-developed Tiros sat- 
ellite’s already limited lifetime. 

Isotopic power also promises to be 
the key to extending camera lifetime. 

Expenditures for meteorological 
satellite programs for Fiscal Year 1966 
will constitute about one-third of the 
entire U.S. Weather Bureau Budget, 
Johnson told MissiLes AND ROCKETS. 
The National Weather Satellite Center 
(NWSC) will ask about $40 million for 
metsat programs this year and each 
succeeding year at least through 1970. 

The potential role of satellites in 


DR. ROBERT M. WHITE, 
United States Weather Bureau. 


chief of 


the Weather Bureau’s work is “over- 
whelming,” U.S. Weather Bureau Chief 
Dr. Robert M. White told M/R. “It 
is hard to visualize any other kind of 
platform that would be able to get the 
kind of information we need as eco- 
nomically or as comprehensively. 

Since his appointment as Weather 
Bureau chief a year ago, White has 
stressed technology developments. While 
the Bureau has been a leader in exploit- 
ing technology, even more work could 
be done, White says. 

White indicated a need for increased 
efforts in areas of new observational 
techniques and communications sys- 
tems, more procedures such as auto- 
matic weather stations and greater use 
of computers in weather data analysis 
and forecasting. He also emphasized the 
need for early determination of the 
feasibility of a data-collection satellite, 
and the fullest exploitation of satellites 
as world-wide observation platforms. 


TIROS OPERATIONAL SYSTEM 


The TOS satellite, like the earlier 
Tiros satellites, is being built by RCA 
and will carry RCA cameras. The 
Weather Bureau is initially obtaining 
five TOS satellites in addition to interim 
spacecraft. NASA is the Bureau’s pro- 
curement agency in these transactions. 
These will be designated TOS-A through 
E. NWSC officials said that funds are 
available in FY 1965 for three addi- 
tional TOS spacecraft, but procurement 
is being deferred until later in the Fiscal 
Year in order to incorporate the latest 
technological advances. 

The Tiros “wheel” increases the 
coverage from four to five times the 
original Tiros satellite return. 
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CARTWHEEL 
configuration of 
Tiros satellite. 
Earth-stabilized, 
- five of this type 
are to be launched, 
Serving as an in- 
terim operational 
_ system. “Wheel” 
increases coverage 
' of original Tiros 
‘by factor of four 
or five. 


® TOS timetable—The first Tiros 
operational satellite will be launched in 
the first quarter of 1966. This will be 
OT-2, to be placed in a 750-n. mi. cir- 
cular orbit from Cape Kennedy by the 
improved Thrust-Augmented Delta 
launch vehicle. Orbital period will be 
approximately 113 minutes, and Sun- 
synchronized so that the same Sun time 
prevails on each pass over a certain 
latitude. As with Tiros, RCA is prime 
contractor. 


Like TOS-B and -D, OT-2 will carry 
two Automatic Picture Transmission 
(APT) camera systems. This system 
photographs the Earth once every 208 
seconds and takes 200 seconds to trans- 
mit each picture. 

About two months after launch of 


APT OT-2, a companion spacecraft, 


TOS-A, will be launched into a circular, 
near-polar orbit at 750-n. mi. This 
spacecraft, like TOS-C and TOS-E, will 
carry two advanced vidicon camera sys- 


Budget Sustained by Carryovers, Nimbus Refund 


THE NATIONAL Weather 
Satellite Center has had one of 
the most confusing budget pic- 
tures since its inception, partially 
because of the fact that it had 
bought into the NASA Nimbus 
program, and received a refund 
when it pulled out. 

In FY 1962, the first actual 
budget year, the satellite pro- 
gram was given $48 million 
from Congress, of which it spent 
$47.8 million and had $193,000 
left over. 

In 1963, it received $40 mil- 
lion, making a total available of 
$40,193,000. During FY 1963 it 
obligated only $11,639,000, leav- 
ing $28,555,000 unobligated. 

For FY 1964, no money was 
asked, nor any appropriated by 
Congress. However, the Satellite 
Center recovered $5 million from 
the so-called Nimbus operational 


missiles and rockets, November 30, 1964 


systems (NOS) funds it had 
turned over to NASA. This added 
to the carryover, making $33,- 
570,000 available. The Satellite 
Center then obligated $31,739,- 
000, leaving $1,831,000. 

This year, FY 1965, the Con- 
gress gave the Satellite Center 
$10 million, which, with the 
carry-over, gives the Bureau $11,- 
831,000. However, NASA also 
refunded more than $22 million 
from the NOS money, making 
available a total of $32.9 million 
for FY 1965. According to Cen- 
ter officials, all but $1.1 million 
probably will be spent by the end 
of the year. 

In addition, the Center is al- 
lotted research funds, which are 
included in the Weather Bureau’s 
research budget request. The fig- 
ure for FY ’65 is about $2 mil- 
lion. 


tems (AVCS) like those carried on 
Nimbus. This will be the first use in the 
TOS system of the one-inch vidicon, 
which has 800-TV-line resolution. Pic- 
ture resolution directly below the camera 
will be 1.5-n. mi. per line. From the 
TOS altitude, photographs will cover 
regions 1,736-n. mi. on a side, thus pro- 
viding global coverage. 

The RCA cameras in both OT-2 
and TOS-A can be used alternately, 
thus ensuring increased operational 
lifetime. 

The AVCS spacecraft (TOS-A), 
according to Johnson, may also carry 
an infrared experiment developed by 
Dr. Verner Suomie, on leave from the 
University of Wisconsin and now the 
Weather Bureau’s chief scientist. 

The experiment, which is planned 
for at least TOS-A, consists of a hemi- 
spheric sensor on a flat plate which inte- 
grates all the radiation it receives. 
While it is not the HRIR of Nimbus, 
it will enable the scientists to detect 
major storm centers at night, and check 
on those observations made in the day- 
light. 

It also will contribute to the plane- 
tary heat-budget record being kept not 
only for 30-day forecasting but as a 
record of climatic change, The very 
crudeness of the kind of experiment 
imposed by the limitations of the TOS 
satellite is actually a boon for this ap- 
plication, since the “dribbles” of data 
are easier to handle. 

Before the inauguration of the offi- 
cial TOS system, however, several 
launches are planned. Tiros-I (eye), 
which will be designated Tiros 1X if 
successful, is to be launched in the first 
quarter of 1965. This satellite, a NASA 
vehicle, will be the first to be put into 
polar orbit from Cape Kennedy, and 
the first cartwheel satellite. 

Plans are to put it into a Sun-syn- 
chronous, 81° retrograde orbit through 
a series of dog-leg maneuvers. The cart- 
wheel should roll at from 8-12 rpm, 
and will use a magnetic spin-control coil 
to maintain speed and attitude, so that 
the cameras will operate when pointed 
toward the Earth. 

Although NASA also will be launch- 
ing a number of its own R&D satellites 
next year, the Weather Bureau will fund ~ 
one more (OT-1) for possible launch 
next summer, to provide operational 
coverage during the hurricane season. 
OT-3, a backup to Tiros 1X should the 
NASA satellite fail, also is a cartwheel 
carrying two one-half-inch vidicon cam- 
eras. Altitude will be 400 n. mi. 

® Ground stations—During the en- 
tire duration of the TOS system, John- 
son said, no new command and data 
acquisition stations will be needed. 
However, the method of operation will 
be changed. TOS data received at Gil- 
more Creek, Alaska, and Wallops Is- 
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land, Va., will be recorded on magnetic 
tape and widebanded to the NWSC ‘in 
Suitland. The Satellite Center’s Data 
Processing and Analysis Facility, devel- 
oped for the Nimbus operational system 
for which the Weather Bureau cancelled 
plans last year, will, with modifications, 
handle TOS because of its use of the 
Nimbus camera systems. All the anal- 
yses will be done in this central location 
and relayed out for use. 

The decision to consolidate the 
command and data-processing activity 
at Suitland rather than continue the 


a . £. 
LEFT AND CENTER: Two shots from 
series taken during Phase II of Project 


operations at the field stations was made 
for reasons of efficiency, improvement 
in the product and meteorological con- 
tent and quality control, Johnson said. 

Eventually these ground stations will 
now be taken over by the Weather Bu- 
reau, instead of operated by NASA. 

@ Improved TOS—Although the 
first TOS satellite has not yet been _ 
launched, Weather Bureau officials are 
already looking ahead to improvements 
in the system. One of the biggest con- 
cerns has been the effort to increase 
operational life. 


TIREC (Tiros Ice Reconnaissance), joint 
U.S.-Canadian effort. Area is Gulf of St. 
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The Atomic Energy Commission 
has contracted with the Martin Co. for 
a feasibility study of the use of a SNAP- 
19 isotopic power system for the TOS 
spacecraft. No Weather Bureau funds 
are now being used. 

As it is presently envisioned, the 
TOS satellite probably would require 
two SNAP-19 isotopic power sources, 
since each provides about 30 watts. The 
SNAP-19, being developed for an ex- 
periment on Nimbus B, is expected to 
weigh about 25 lbs. per unit, and is 
fueled with plutonium 238. 

Such a system, Weather Satellite 


Lawrence; white is ice. RIGHT: Tiros VI 
shot of dust storm over Arabia. 


Weather Satellites Promise Data for Many Other Purposes 


ONE OF THE ramifications of 
the operational satellite program for 
weather forecasting is the potential 
for providing operational informa- 
tion useful for other purposes. While 
supplying the many potential users 
has not yet been a problem, some 
decisions on how to make this infor- 
mation available will have to be 
made as the amount of data in- 
creases. 

One of the side uses of Tiros 
photographs that already has had 
operational application is in ice re- 
connaissance. Now supplied by mail, 
the data has been in great demand by 
Canadian shippers in the Great Lakes 
area. This function has thus far been 
handled by the Detroit Weather 
Office. 

Ice and snow photographs also 
liave great potential for flood control 
and reservoir management. Although 
snow pictures can be confused with 
cloud-cover photographs, they can be 
distinguished by comparing photos 
from successive passes. Biggest users 
of such information could be western 
states that depend on spring runoff 
for irrigation purposes. Such meas- 
urements are now made manually. 


These pictures also have great ap- 
plication in long-range forecasting, 
since they contribute to the total heat 
budget. This information is also fed 
to the Extended Forecast Group of 
the Weather Bureau. 

When infrared is used operation- 
ally, Weather Bureau scientists say, 
the satellites should also be able to 
spot forest fires in remote areas. 
These fires, it is estimated, cost the 
U.S. between $50 and $300 million 
in losses each year, and an additional 
$140 million a year for control. 

Tiros data has already proven 
itself valuable in the problem of lo- 
cust control in areas of Africa and 
Asia. As Dr. S. Fred Singer, former 
head of the NWSC said, locusts are 
a “semi-meteorological” phenome- 
non, since they are carried by the 
wind. Satellite data can be used to 
predict winds in equatorial zones, 
which have few weather stations. 
Annual costs for locust spotting and 
control, Singer said, is about $15 
million. 

A potential use being investi- 
gated is in observations of the state 
of the sea. This, however, is hard to 
lock onto, since the observation must 


be made with the optic axis inclined 
the same as the Sun, to get the re- 
flection of the Sun. The character of 
the image in the photograph then 
indicates the sea state. TOS, with its 
Sun-synchronous orbit, is expected to 
get more useful data. 

Through Tiros photographs, 
growing confidence also is being felt 
about ability to determine the exact 
location of the jet stream. 

In the interests of basic science, 
meteorological satellites are furnish- 
ing for the first time a world-wide 
record of climatic conditions, which 
is being achieved for long-range 
study. 

Weather Satellite Center scientists 
are now faced with the problem of 
preparing to store these vast amounts 
of data for at least 200 years. Only 
through study of long periods, scien- 
tists say, can it be determined 
whether the Earth is warming up or 
not, or whether recent observations 
are simply short trends. This project 
actually is causing a mild techno- 
logical problem, since magnetic tape 
will not hold up that long. Digital 
data is now being converted to film 
for storage. 
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Reliability oriented engineers 


DOUGLAS |S SEEKING ENGINEERS 
WITH DESIGN OR SYSTEMS BACK- 
GROUNDS AT ALL DEGREE AND 
EXPERIENCE LEVELS. OBJECTIVE: 
TO ASSURE OUTSTANDING RELIA- 
BILITY IN THE SATURN STAGES AND 
ASSOCIATED G.S.E. 


LINE AND STAFF POSITIONS ARE OPEN 
WITH THE FOLLOWING FUNCTIONS: 


Develop subsystem and system mathematical 
models, perform reliability predictions, and 
evaluate test results. 

Participate in design review meetings, assign 
reliability goals, and assist designers in reliability 
trade-off studies. 


Conduct first and second tier failure effects 
analyses and failure mode analyses. 


Conduct failure-cause analyses, recommend and 
initiate corrective action. 


Effectively communicate results of investigations 
to management and to design engineers. 


Please send resume to: Mr. F I. Snodgrass 


ve 
DOUGLAS 


MISSILE & SPACE SYSTEMS DIVISION 


2730 Ocean Park Boulevard 
Santa Monica, California 


An equal opportunity employer 


Center officials say, could provide a 
lifetime of from three to five years, de- 
pending upon how much fuel is carried. 
They are aiming at a 1967 or 1968 tar- 
get date for the operational system. 

® RTG tested—RCA< also is devel- 
oping a_ radioisotopic thermoelectric 
generator (RTG), which could be used 
on the Tiros spacecraft. This system has 
been tested at the Atomic Energy Com- 
mission for several months. It has a 30- 
40-watt output with a strontium source. 
The unit would sit on top of the Tiros 
“hat,” Tiros project leader A. Schnapf 
told M/R, and would not damage or 
interfere with the electronics in the 
spacecraft. In-house studies also are 
going on probing the problems of adapt- 
ing nuclear power operation to Tiros. 

The Weather Bureau also is press- 
ing for developments to extend the life 
of the APT and AVCS camera systems 
to match the possible 3-5 year lifetime. 

RCA is studying methods of com- 
bining the two types of systems into one 
unit. There are two possible techniques, 
Schnapf said—one taking the AVCS 
data and transmitting it slowly; the 
other taking APT data and transmit- 
ting it rapidly. 

RCA also is looking at means of 
extending the life of the APT units, 
especially in the area of techniques to 
preserve the photoconductive material. 

In the controls area, the RCA Astro- 
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Electronics Division is developing gyro- 
magnetic techniques to maintain atti- 
tude over long periods of time, using a 
minimum of power and with few elec- 
tronic parts. While this is not a pro- 
gram-oriented development, it could be 
applied to Tiros, Schnapf said. 

NASA, RCA and the Weather Bu- 
reau also are looking at integrated cir- 


cuitry to reduce drastically the elec--° 


tronics package. Schnapf estimated that 
an 80% reduction could be attained in 
the camera system electronics. Some 
study contracts are now out on the 
AVCS and APT systems. 

The success of Nimbus A’s high-res- 
olution infrared system has already ac- 
celerated thinking about the need for 
good operational infrared data from the 
TOS system. While the HRIR cannot 
be adapted because of size, weight and 
power limitations, something in the “in- 
termediate range” is now being contem- 
plated. 

On the long range view, Schnapf 
points out that the new fairing on the 
Thrust-Augmented Delta stage allows a 
satellite diameter of perhaps six inches 
more, should the Weather Bureau wish 
to enlarge the size of the vehicle. 

@ New experiments—A number of 
studies are being conducted in-house at 
the Weather Satellite Center on new 
types of experiments that could be 
useful on meteorological satellites. In 


all cases, the Weather Bureau, if it 
wishes to do research for its own needs, 
funds the project only up to the flight 
prototype stage. It then asks NASA to 
incorporate the experiment into a sat- 
ellite test, for which NASA handles 
procurement. If the experiment is then 
assigned to an operational satellite, 
NASA continues procurement at the 
Weather Bureau’s request, and handles 
launch details. 

One such experiment that shows 
possibilities of being incorporated into 
a meteorological satellite at some later 
date is an infrared spectrometer that 
will measure radiation emission from 
carbon dioxide in the atmosphere. Data 
on the vertical temperature distribution 
can then be obtained. An additional 
sensor in the 11.1-micron band will pro- 
vide the black-body temperature of solid 
objects, and give cloudtop temperatures. 

This instrument, which was tested 
at 100,000 ft. on a balloon at Palestine, 
Tex., is in the pre-prototype stage and 
“looks very promising.” Next step, ac- 


/cording to Director of NWSC Metsat 


Lab Dr. Sigmund Fritz, is to ask NASA 
to contract for a flight prototype for 
test on a Satellite, probably Nimbus B. 
The contract probably would be broken 
down into three areas: frame and me- 
chanics, optics, and electronics. 

If the satellite test is successful, Bu- 
reau officials say, the equipment prob- 
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It is the first standard Dynamic Control Magnetic Environment System. 
It will provide a constant, precise and uniform field of any desired magnitude. 
It will also maintain a Zero magnetic field in any location. 


It does not require a shielded room. 


The Vickers Dycome is a practical 
solution to the problems inherent 
to the control of natural and man- 
made magnetic fields. And because 
it's a ‘production run" system, it Is 
realistically priced. 
It consists of: 
A 3-axis Helmholtz Coil, eight feet 
in diameter. 
A 3-axis, flux-gate magnetometer 
probe assembly. 
A control console that contains 
all necessary power supplies, 
magnetometer amplifiers, field 
adjustment controls, field indi- 
cation meters and gradient 
adjustments. 


You can install the Dycome System 
almost anywhere. (In Times Square 
or along a Los Angeles freeway, if 
need be.) It will automatically com- 
pensate for changes in ambient 
field disturbances. As we Say, it's 
dynamic. Its solid state feedback 
circuitry provides minimum drift 
operation. 


This completely static system is 
highly reliable, uses semiconductor 
electronics to increase accuracy 
while decreasing system noises, is 
simple to operate, and ts adaptable 
to both manual and automatic pro- 
gramming. And it has these per- 
formance characteristics: 


Accuracy: The field in the working 
volume will not deviate from the 
set point by more than 2.0 milli- 
gauss for variation in the ambient 
magnetic field of up to + 600 
milligauss. Deviations are pro- 
portionally lower with smaller 
ambient field disturbances. 


Response: 3 db down at 10 cps. 


Controlled Field Uniformity: 
(Nominal factory environment) 
Sphere, 0.5 foot diameter, within 
0.6 milligauss. 


Sphere, 2 foot diameter, within 
6.0 milligauss. 
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Field Control Range: +600 milli- 
gauss to —600 milligauss. 
Meters: Field Indication Meter, 
+1.0 gauss to —1.0 gauss, 3% 
each axis. 

Power Requirements: 60 cycles 
or 400 cycles.. 


We think that the Dycome System 
can be the cure for a lot of research- 
induced ulcers and production- 
testing pains. So if what you are 
doing demands that you be able to 
control magnetic fields, let's talk. 
Call St. Louis, CEntral 1-5830, or 
write 1743 Locust Street, St. Louis, 
Missouri 63103. Ask for Dycome 
Bulletin 4606-3. 
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AVCS PHOTOGRAPHS recorded at RCA _ Astro-Electronics 
Div., Princeton, N.J. At left is C. Martinelli, RCA engineering 


ably will be cranked into a follow-on 
operational system. 

Another instrument being developed 
in-house at the Satellite Center is a sim- 
ple spectograph to measure oxygen ab- 
sorption spectra in the 7,600-A band. 
By obtaining this measurement, which 
is a function of path length, the dis- 
tance to the cloud top can be deter- 
mined. Thus cloud top height can be 
reckoned independently of its tempera- 
ture. 

This instrument has been designed 
as a hand-held unit, which is now 
flight-qualified and scheduled for the 


second manned Gemini flight. During 
this flight, the astronaut will take a pic- 
ture of the area below, at which time 
a spectrogram is simultaneously re- 
corded. If this proves feasible in this 
GT-4, it will be considered for metsats. 
However, it will have to be modified 
for manned vehicles. 


DATA COLLECTION 


The next big breakthrough, Manager 
of NWSC TOS Engineering Systems 
Div. Gordon Vaeth feels, will be the 
combination of the observing function 
with the communication function. 


WEATHER BUREAU personnel at the National Weather Satellite Center determine the 


track of the meteorological satellites. 


leader for the Tiros program. At right is Abraham Schnapf, RCA 
manager for the weather satellite prograri. 
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Dr. White indicated that this, as soon 
as technology permits, has high priority 
in Weather Bureau planning. The Bu- 
reau has already asked NASA to do a 
data-collection experiment, which is 
scheduled for Nimbus B. 

Meanwhile, the Weather Bureau is 
conducting its own supporting research. 
Although such things as automatic 
weather stations are envisioned for the 
future, one program is going ahead to 
study the uses of balloons. 

Theoretically, tracking a world-wide 
network of constant-level balloons could 
give exact wind information. Wind in- 
formation is one of the most important 
inputs to weather forecasting and global 
wind information cannot be obtained 
even with satellites unless special tech- 
niques are used. 

Eventually, operational deployment 
probably would consist of several thou- 
sand balloons. 

The study is now concerned with 
such details as cost of balloons, life- 
times, and air-traffic problems. 

Another possibility being discussed 
is the use of buoys. According to Vaeth, 
the Weather Bureau would greet with 
open arms a contractor proposing a 
simple, inexpensive, and long operating 
life meteorological buoy capable of be- 
ing accurately emplaced by aircraft. For 
this purpose, in remote-mid-ocean areas, 
the large rigid airship appears to hold 
economic and technical promise for em- 
placement, retrieval, and on-board sery- 
icing of the buoy. 
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General Electric 
production-line fuel cell batteries 
‘“fly’’ 750 test orbits 


Running through three successive 14-day 
Gemini 2-man spacecraft missions (equal to 
five times the distance to the moon and back) 
in a pre-flight test, the production-line fuel 
cell battery* (above, right) has demonstrated 
the long life capability of G-E fuel cells. An- 
other fuel cell battery (above, left) met the 
more rigorous power requirement of shorter 
missions in which the Gemini spacecraft will 
meet an Agena vehicle in space. It success- 
fully passed the test, delivering more than a 
kilowatt of power. Both units were stopped and 
restarted up to seven times as part of the 
planned test. 


The two General Electric fuel cell batteries 
that will deliver up to 2-kilowatts of electric 
power and water aboard the Gemini spacecraft 
are simple (no rotating parts), light (70 Ibs. 
per 1-kw unit) and inherently reliable as prov- 
en by these tests and others in which 32-cell 
modules have operated up to 70 days. General 
Electric fuel cell batteries have also been se- 
lected to provide electric power for NASA's 
Biosatellite spacecraft. 


Fuel cells for future applications in advanced 
research stage. 

While the above fuel cell batteries use hydro- 
gen and oxygen and were specially developed 
for use in space, G-E’s laboratories are at work 


not only on longer-life versions of these but 
also on other types of fuel cells. Some of 
them are capable of directly converting com- 
mon hydrocarbon fuels and other special fuels 
to generate electric power. Advanced work is 
also being done in the field of thermoelec- 
tric energy conversion. 

What does all this mean? Simply—that Gen- 
eral Electric’s production fuel cells are ready 
for flight validation and that G-E continues to 
be a leader in carrying fuel cell technology 
toward wide practical application in space, 
on land and sea, including—eventually—many 
industrial uses. 183-16 


* Developed for McDonnell, prime contractor 
for the Gemini spacecraft to NASA’s Manned 
Spacecraft Center. 
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The ideal system would have buoys 
deployed world-wide in a grid about 
180 mi. apart, although a barely opera- 
tional coverage probably could be ob- 
tained at points located as far apart as 
800 mi. 

There is also a great deal of interest 
in using an advanced system such as 
Syncom for the communications func- 
tion. Many bottlenecks are present in 
getting meteorological information out 
throughout the world while it is still 
useful. 
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ADVANCED SYSTEM 


The Weather Satellite Center now 
has a core of full-time engineers and 
meteorologists under Waeth who are 
working on concepts for an advanced 
operational system. 

Meteorological requirements are be- 
ing gathered from all interested agen- 
cies, and the search is on for new ap- 
plications of new technology. 

In general, Johnson said, the 
Weather Bureau wants a satellite that 
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FLOW DIAGRAM shows how vidicon pictures are processed digitally. 
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LEFT; Weather pictures from Nimbus satellite’s RCA APT 
camera system will be automatically transmitted to small ground 
Stations where they will be reproduced on facsimile similar to 
the one shown. ABOVE: APT camera is 13.10 in. long and has 
total weight of 20 Ibs. 


would permit more and different kinds 
of observations, night-time data, the 
bility to read out night-time data both 
day and night, cloud-top temperatures, 
temperature profile, motion in the at- 
mosphere and ability to communicate 
meteorological data quickly. 

According to Johnson these require- 
ments probably will be completed within 
six months to a year. 

While no commitment is being made 
to a synchronous satellite system, some 
feel that it will be necessary. 

This would be the only platform 
giving the opportunity to watch the 
passage of meteorological phenomena 
over the same spot on the Earth. 

In addition to the experiments 
NASA will conduct on its own satel- 
lites, a number of supporting studies 
are being conducted on the kinds of 
meteorological data that could be ob- 
tained from synchronous altitude. 

In the final analysis, however, the 
Weather Bureau will give NASA only a 
breakdown of what meteorological ob- 
servations it wishes to make at what 
frequency in time, rather than systems 
requirements. 

@ Launch vehicles—Some interest 
has been indicated in multiple-launch 
capability, although the Weather Bu- 
reau also leaves this kind of decision 
to NASA. Another desirable feature 
other than the synchronous altitude, is 
a somewhat higher altitude for the TOS 
system, at perhaps 1,000-1,500 mi. The 
improved Delta, however, is expected 
to last through the TOS system. 


MANNED METSATS 


Taking a really long-range view, 
officials at the Weather Bureau em- 
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Herndon, Va. 
3,628,300.5 meters 


Cubic SECOR satellite surveyor makes first 
direct coast-to-coast measurement of U.S. 


Cubic’s SECOR, world’s most pre- 
cise satellite tracking system, re- 
cently completed the first direct 
“single-leap” distance measurement 
across the United States, from San 
Diego, Calif., to Herndon, Va. In 
only 10 seconds, the distance be- 
tween these points was determined 
_ to be 3,628,300.5 meters, or 2,254.5 
miles. 

More important than actual dis- 
tance computation was SECOR’s 
ability to accomplish this historic 
feat. SECOR uses a satellite 600 
_ miles in space to plot and measure 
the earth with amazing speed and 
surveying accuracy. 


“...a first order geodetic tool...” 
| After initial tests, SECOR won the 
_ highest praise of the surveying and 
mapping profession. 

Army officials noted, “SECOR 


has the full capability of a first order 
geodetic tool’ In present opera- 
tions, Cubic’s all-weather SECOR 
system is successfully measuring dis- 
tances between points of land sep- 
arated by broad expanses of ocean. 


29,000 “ranges” in six minutes... 
During a typical satellite pass of six 
minutes duration, SECOR’s four 
Cubic-built ground stations make 
approximately 29,000 measure- 
ments or “ranges” with 95% suc- 
cess. Within the SECOR satellite, a 
miniature 7-lb. Cubic transponder 
acts as a receiver-transmitter. 

Tests prove that SECOR can ex- 
tend control over distances exceed- 
ing 2000 miles with geodetic 
accuracy. 


SECOR’s far-reaching applications... 
Data gathered by Cubic’s SECOR 
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will have lasting importance in the 
fields of geodesy, global navigation 
and satellite navigation. SECOR 
will have a role of majorimportance 
in space and defense programs re- 
quiring distance measurements with 
pinpoint accuracy. Information 
about the earth’s shape and gravi- 
tational field is also being obtained. 

SECOR is a product of Cubic 
Corporation, leader in the field of 
electronic measuring systems. 

For additional information about 
SECOR, write to: Chief Scientist, 
Cubic Corporation, Department 
C-231, San Diego, Calif. 92123. 


CUBIC 


CORPORATION 


SAN DIEGO. CALIFORNIA 92123 


SYSTEMS DIVISION 


ing height of clouds. Photo taken by Tiros over north coast of 


phasize the eventual need for manned 
space weather stations. 

Besides all the ramifications of 
manned satellites for basic research 
studies in meteorology, man would 
greatly enhance an operational system, 
they say, as a screener of unessential 
information to concentrate the observa- 
tional effort. He also could calibrate 
complex instruments and confirm auto- 
matic experiments. 

In addition, he would be valuable 
in reporting unusual events for which 
no instruments have been designed. 

The Weather Bureau has worked 


. 


closely with NASA in training astro- 
nauts to make certain meteorological 
observations, and is urging meteorolo- 
gists to apply to the scientist-astronaut 
group. The manned spaceflight branch 
of the NWSC, headed by Kenneth Nag- 
ler, also is responsible for advising 
NASA on meteorological conditions of 
landing and launch sites. 


SUPPORTING RESEARCH 


In addition to work on those instru- 
ments already considered potentially 
suitable for inclusion on spacecraft, a 
number of laboratory and _ theoretical 


Africa and the Mediterranean Sea. Project performed by Dr. 
Tetsuja Fujita, University of Chicago meteorologist. 


2, 
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studies to support planning of future 
experiments and even design of space- 
craft systems is conducted by NWSC. 

Considerable study, for instance, 
has gone into the 15-micron region 
CO. band both here and in Japan, to 
determine its parameters. This and the 
rotational water vapor band are con- 
sidered best for horizon sensing for sat- 
ellite cameras. 

Another study is aimed at determin- 
ing the feasibility of measuring ozone 
in the ultraviolet spectrum (3,000 A). 
Ozone calculations as a function of 
height can be obtained by measure- 


DATA PROCESSING and Analysis Facility of the National Weather Satellite Center at Suitland, Md. 
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Man: the ultimate computer for space missions 


Why should a scientist, weighing a satel- 
lite’s pound-precious payload, allot 160 
pounds of it to a man? Couldn’t a 160-Ib 
computer do a better job? 

Fair questions — for the computer is 
rapidly becoming smarter, swifter, 
smaller. Indeed, the art of microminia- 
turization already has shrunk suitcase- 
size components to dime-size. 

Yet a computer that could match only 
a fraction of man’s total capabilities 
would be so huge that no rocket known 
today could boost it into orbit. Even if 
such a computer could be orbited, the 
cost would be crushing—for the econom- 


ics of space are based on the price of 
orbiting each pound of payload. And it 
still would lack man’s ability to react to 
the unforeseen emergency, reply to the 
unexpected question, repair the faulty 
mechanism—or make a choice. So the 
scientist must make room in the satellite 
for the ultimate computer: man. 
Lockheed Missiles & Space Company 
has been at work for seven years on the 
problem of utilizing man’s unique capa- 
bilities in space. In more than 125 


LOCKHEED 


launches to date, Lockheed’s Agena 
space vehicle has orbited almost every 
size and shape payload, setting world 
standards for precision and reliability, 
Lockheed’s Human Factors group has 
made significant progress in overcoming 
the problems and hazards of space travel. 
And Lockheed’s Man-in-Space group has 
designed an earth-orbiting manned labo- 
ratory to determine which missions can 
be entrusted to computers and which 
must be done by man. 

Lockheed Missiles & Space Company, 
Sunnyvale, California: A Group Division 
of Lockheed Aircraft Corporation. 
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OPPORTUNITIES 
in GUIDANCE AND 
CONTROL SYSTEMS 


Important new contracts have 
created additional openings in the 
field of guidance and control. United 
Aircraft Corporate Systems Center 
needs engineers in many phases of 
G&C development programs involv- 
ing complex aerospace systems. 
The following are typical positions 
now available at both senior and 
junior ievels. 


ELECTRONIC DESIGN (SENIOR) 


— requires degree in E.E. or Phys- 
ics. Experienced (7 to 10 years) in 
methods, processes, materials, and 
components used in designing and 
manufacturing electronic equip- 
ment. Willi be responsibie for reduc- 
ing breadboard models to final thin 
film and monolithic integrated cir- 
cuit hardware which will meet final 
spec requirements on environment, 
reliability, etc. 


INSTRUMENTATION ENGINEERING 


— requires E.E. degree. Experienced 
(3 to 7 years) in instrumentation 
application, analog and digital equip- 
ment, data processing, and data 
recording equipment. Experience 
with inertial equipment desirable. 


SYSTEM INTEGRATION AND TEST 


—requires E.E. or M.E. degree. 
Experienced (1 to 5 years) 
in development of inertial 
guidance systems Or inertial 
components. Will perform 
development testing on in- 
ertial systems, including test 
design, performance, and analysis 
of results. 


THERMDDYNAMICS (SENIDR) 


— requires degree in M.E. or Phys- 
ics (M.S. desirable). Experienced 
(7 to 10 years) specifically in heat 
transfer relating to electronic and 
other aerospace equipment. Must 
be familiar with computer program- 
ming techniques, and weight and 
power trade-off studies. Will be 
expected to contribute to design and 


development of sophisticated ther- 
mal control systems. 


ELECTRONIC DESIGN — requires E.E. 


degree. Experienced (1 to 5 years) 
in design and development of D.C. 
amplifiers; precision electrical meas- 
urements; pulse and digital circuitry; 
switching regulators; and mono- 
lithic integrated circuits and thin 
film techniques. 


SENSDR DEVELDPMENT — requires 


degree in E.E., M.E. or Physics. 
Experienced (3 to 5 years) in devel- 
opment of inertial guidance compo- 
nents, including gyros, acceler- 
ometers, and associated electronic 
signal and control devices. 


TEST EQUIPMENT ENGINEERING 


— requires M.E. degree. Experienced 
(3 to 5 years) in design of facilities 
and test equipment for electronic/ 
inertial testing of guidance sys- 
tems, subsystems, andcomponents. 
Knowledge of electronics associated 
with such equipment desirable. 


SYSTEMS ANALYSIS — requires E.E. 
or M.E. degree (M.S. desirable). 
Experienced (2 to 5 years) in analy- 
sis of guidance and control sub- 
systems; performance evaluation; 


United 


CORPORATE SYSTEMS CENTER 
Aircraft 


formulation of analytical models; 
and test planning and evaluation. 


These positions offer excellent start- 
ing salaries with periodic salary 
reviews, and many employee bene- 
fits, including a fully reimbursed 
graduate study program. 

We invite you to send your resume 
to Mr. Robert J. Grande, United Air- 
craft Corporate Systems Center, 
1690 New Britain Avenue, Farming- 
ton, Conn. —an equal opportunity 
employer, 
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ments of the scattered sunlight in the 
zenith by spectrophotometer. 

In another project, although the 
Weather Bureau is no longer funding 
it. it is furnishing considerable ad- | 
vice to investigators at the University | 
of Wisconsin who are developing a 
sferics (measure of lightning) experi- 
ment for a NASA satellite. 

The University of Wisconsin, which 
conducts a number of meteorological 
studies for NWSC, is looking at several 
possible probes for meteorological satel- 
lites. One proposal is that 8-10 non- 
scanning infrared detectors using small | 
reflective optics could provide broad- 
band or window radiation data with 
100-mi. resolution. 

This “bug-eyes” or “broom” array 
would obtain information in a simple 
format easily prepared for immediate 
use. Prototype sensors will be devel- 
oped. 

@ Testing—tThe satellite center also 
is developing its own capability to con- 
duct physical measurements and tests of 
instruments and materials related to 
satellite observations. | Photometric 
standards compatible with National Bu- 
reau of Standards measurements are be- 
ing developed. In addition, an artificial 
Sun source for calibrating satellite TV 
cameras has been developed. 

The Weather Bureau’s research ef- 
fort is by no means accomplished when 
the satellites are in orbit. Meteorolo- 
gists are looking to the day they can 
derive quantitive information from sat- 
cllite data for input into synoptic anal- 
yses and to numerical weather predic- 
tion models. 

@ Cloud picture data—A team of | 
researchers at the NWSC is making ex- | 
periments using satellite data to modify | 
the analysis of the initial flow field on | 
which numerical weather prediction is | 
based. These modified analyses have | 
bcen compared with those derived from | 
nonsatellite data with encouraging re- | 
sults. 

Small but significant improvements 
have been achieved in cases where sub- 
stantial errors previously existed. 
Weather Bureau officials say. However, 
some errors still exist. Two studies are 
going on in this field: one to see to } 
what extent clouds correspond to the 
concurrent vertical motion field, the } 
other to determine the best method of j 
incorporating a given vertical motion } 
field into the parameters used in the | 
numerical computer models. 

Case studies are now under way to | 
test the diagnostic computer programs j 
that have been developed. This work } 
is expected to lead to a more complete 
understanding of the cloud patterns as- 
sociated with weather systems. By get- 
ting an hour-by-hour history of the 
three-dimensional motion of the air | 
parcels from routine data, researchers | 
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then have a means to compare what has 
happened during the 12 hours between 
satellite passes Over one point. 

The airlines have participated in 
studies of the satellite data also, with 
especial interest in the conditions that 
produce clear-air turbulence. Four 
cloud-pattern models are being used for 
studies aimed at more accurate location 
of the jet stream. 

@ Hurricanes—Correlations be- 
tween Tiros hurricane cloud pictures 
and the measured intensity of these 
storms has already produced usable re- 
sults for operational application, Fur- 
ther refinements are being made. 

A theoretical investigation is being 
conducted at the University of Chicago 
on the formation of hurricanes. Satel- 
lite data is expected to provide data on 
the spatial distribution of moisture in 


hurricanes, which may help in identify- | 


ing its causes. 


Aircraft and rocket support of sat- 


ellite work will continue, to maintain 
verification of the low-resolution TV 
pictures and infrared data. 


The Weather Bureau also has sev- | 
eral contracts out to develop interpre- | 


tive cloud-picture catalogs so that fu- 
ture pictures con be recognized quickly 


both by research meteorologists and | 


operational forecasters. 

@ Radiation data—Usability of the 
data has been complicated by the prob- 
lems of calibrating the instruments just 
before launch, and the changes or de- 


gradation that occurs after launch with | 


no means of recalibration. Other com- 
plications are caused by the mode of 
operation of these instruments them- 
selves, since measurement of radiation 
intensity made at a particular angle 
must be used to estimate the upward 
flux of radiation integrated over all 
angles. 

Studies are being made on the dif- 
ferences between radiation values over 
the same regions for overlapping orbits 
both a few hours apart and for 12 hours 
apart. These will help in checking re- 

| liability of the data, diurnal variability 

of the radiation fields, and use of the 

Satellite data. 

Satellite measurements of reflected 

solar radiation also will be compared 

with pyrheliometric measurements 
made from airplanes and from the 
ground. Weather Bureau scientists are 
seeking to develop a method to com- 
pute the solar energy absorbed directly 
in the atmosphere. Future, more accu- 
tate measurements than those made by 
earlier Tiros satellites may make it pos- 
sible to compute the amount of solar 
energy reaching a horizontal surface on 
the ground in areas where surface meas- 
urements cannot be obtained, Weather 
Bureau scientists say. 

Other studies are under way to see 
to what extent significant cloud pattern 

i features in large-scale cyclonic vortices 
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new rocket motor 
quartz piezoelectric 
pressure transducer 
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SMALL, RUGGED INSTRUMENT MEASURES 
HIGH-FREQUENCY COMBUSTION INSTABILITY 


Technically advanced in concept and design, the Model 616 transducer 
contains a nearly flush mounted miniature quartz pressure sensing element 
of very high resonant frequency (120,000 cps). This is protected from the 
severe combustion environment by a ceramic coated, liquid cooled flame 
shield. Effective cooling is ensured by large coolant passages, very high 
source pressure, and high velocity coolant flow through the shield. 
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QUARTZ CRYSTAL ELEMENT ASSURES 
EXCEPTIONAL STABILITY, LINEARITY AND REPEATABILITY 
Crystalline quartz, the sensing element in all Kistler transducers, is by far 
the most rigid, linear, and stable piezoelectric material. It is virtually 
unaffected by time, temperature, radiation, or mechanical stress. Two 
unique characteristics of quartz — very low pyroelectric effect and very 
high insulation resistance make possible accurate static calibration 
and short-term static response. 

Model 616 is furnished with a standard 144-20 mounting thread. Available 
modifications include liquid cooled probe and helium bleed features. 
Write for Bulletin 194964. Kistler Instrument 
Corporation, 8973 Sheridan Drive, Clarence, N.Y. 14031. 
Representatives in principal cities. 


ISTLER 
advanced dynamic instrumentation 
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Largest DC tachometer generator ever built 


by INLAND . . . plywood support keeps tach- 
generator from warping during shipment. 


PY 


in 


~ 


INLAND tach-generators insure 
ugh sensitivity in precision 
rate gyro test tables. 


How to get precise rate 
signals at ultra-low speeds 


It’s the DC and the direct drive in INLAND tachometer generators that does it. INLAND 
direct drive tachometer generators give you precise shaft rate information at speeds many 
thousands of times lower than is possible with AC tachometer generators. 


INLAND tach-generators are commonly used as rate reference in rate servo systems and for 
velocity damping in position servo systems. Their typical “pancake package” permits mount- 
ing on limited axial space. 


INLAND also makes tach-generators to special requirements. For example, the exceptionally 
large and thin one, shown in the illustration, was recently made for a Navy sonar system. 
Its make-up and sensitive performance make for interesting reading: 0.0. — more than 
26”, iron stack length — only %” thick; 534 commutator bars and over 35,000 turns of 
copper wire on the armature; produces 6.8 volts per rpm; voltage ripple — not greater 
than 0.2% of output over the total speed range. 


Only INLAND offers you a complete line of tachometer generators as standard catalog items. 
INLAND direct drive DC torque motors, amplifiers and other components and systems are 
being used in every major defense missile system and in a wide variety of interesting and 
exacting industrial applications. When your project calls for servo systems or servo 
components . . . your most reliable and precise system is direct drive . . . your most 
experienced firm is INLAND MOTOR CORPORATION. 

; TORQY SAYS: We'd like to tell you the 


complete story on direct drive torque motors, tach- 5 


generators, and all the other fine quality INLAND 
servo systems and components . .. just write for our 
free Condensed Selection Guide. 


Gy 'NLAND MOTOR 


CORPORATION 
RADFORD, VIRGINIA 


© INLANO MOTOR CORPORATION 1964 sussiniaRY of- KOLLMORGEN 
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. differential heating of the atmosphere 


| kind of gray-scale recognizability, som 
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can be distinguished by satellite infra- 
red observations. Other studies to re- 
late satellite radiation measurements to 
parameters of importance for analysis 
and prediction of weather will con- 
tinue. 

Research also will continue on the 
Earth-atmosphere heat budget and re- 
sponse of the atmosphere to variations 
in this energy. Machine computations 
are made of a number of atmospheric 
energy parameters for one synoptic 
time each day in the 850- to 500-mb 
layer, to compare with satellite data. 
These parameters include available po- 
tential energy, kinetic energy, and vari- 
ous energy conversion terms. 

This kind of work holds special in- 
terest because energy variations over 
the past several winters have had wide 
differences. Several winters have had 
energy cycles with large amplitudes 
and strong heat transport. Others have 
had weak cycles, and low heat trans- 
port. 

Other energy studies will eventually 
be combined to aid in understanding 
the significance of various scales of 


in the production of kinetic energy. 

® Digitized cloud pictures—During 
the TOS lifetime and through advanced 
programs, the National Weather Satel- 
lite Center plans to use a technique of 
converting analog picture data to digi- 
tized input to the large-scale computer. 

According to the Weather Bureau, 
information in this format will be most 
useful to the general meteorological 
community. With the computer pro- 
grams now under development, utiliza- 
tion of the data could be achieved “well 
beyond that possible with human re- 
sources alone.” 

Thus, picture descriptors such as 
percent cloud cover, average cloud 
brightness and a pattern indicator are 
translated into a numeric square-grid 
representation. At first, meteorologists 
did not seem to be satisfied with this 
simple representation—even though it 
provided the desired interpretive infor- 
mation. This is partly due to the fact 
that the continuous gray scale of the 
photographs permits the viewer to focus 
on interesting features. 

For this reason, the Weather Bureau 
has put a great deal of effort into de- 
vising numeric characters with set gray 
scale appearances. For instance, the 
scale begins with an all-white square, 
a light numeral “one,” a little mor 
shaded “two,” and so forth, until nin 
and 0 are very dark, leading to an all 
black square. Thus the resultant produ 
still resembles the cloud-cover photos 

Several other visual output displa’ 
devices also are aimed at providing thi 


of which will be used for high-quali 
permanent recording as well. 
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: VIBRATION TEST EQUIPMENT - 


Test the big loads...and at big displacements 


“OL TEST EQUIPMENT NEWS 
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on MB Hydraulic Shaker Systems 
(and save big money, too) 


MB Hydraulic Shaker Systems 
can perform vibration tests at ex- 
tremely high forces and high dis- 
placements in the low to intermedi- 
ate frequency range. These shakers 
can vibrate loads of 100,000 pounds 
and heavier. Combinations of excit- 
ers can be programmed to provide 
vibratory motion automatically in 
any combination of planes or de- 
grees of freedom. 

Save money, too. For many appli- 


cations the cost of hydraulic shakers 
is substantially less than electro- 
dynamic shakers. For tests requir- 
ing forces on the order of 100,000 
lbs., the cost advantage can be 5 to 
1, or more. To these advantages, add 
MB’s complete check-out service. 
Write for a new hydraulic shaker 
booklet: MB Electronics, A Division 
of Textron Electronics Inc., 781 
Whalley Ave., New Haven, Conn. 
06508. 
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Gapabilities covering the full s 
Capabilitie | | spect 
of propulsion technology. ieee 


Company: United Technology Center 


research, development and 


testing facilities in Northern California, UTC 

maintains auxiliary facilities at Edwards Air Force 

Base and Cape Kennedy and technical liaison offices 
in major cities throughout the nation. 

Out of these facilities have come developments which 

‘ are a significant indication of UTC's present capabilities. 


Solid Propellant Rockets. 
1. Is developing a new and 50% more powerful fourth-stage for the Ai 
space launch vehicle. 
2, Developed, for the Air Force, 
| Titan III-C. 
3, Is developing for the Air Force a segmen 
| propellant rocket motor. Two of these wi 
the Titan ITI-C. Clustering of these motors, which can be mass-produced 
in present UTC facilities, will make it possible to assemble boosters capable 
of producing as much as 20 million pounds of thrust without extensive 


development programs or facilities expansion. 
Liquid Propellant Rockets. 


i 
] 
4 
| 
1. Has extensively researche 
| from 1000 to 50,000 pounds of t 


Besides its complex of 


r Force Scout 


the separation rockets for the Titan II and 


ted, 120-inch diameter solid 
11 be used as the booster stage of 


quid rocket motors-—ranging 


d an entire family of 1i 
lications and 


hrusts--for upper stage app 
armament applications. 
2, In a series of altitude demonstration tests conducted by the Air Force at its 
facilities, a2 UTC liquid engine demonstrated the highest performance in its 
class to date. In a more recent Air Force test, conducted during an evaluation 
of a back-up program for the Titan III transtage-—a UTC liquid engine demon— 
| strated increase uld allow a 50% increase in payload. 


Hybrid Rockets. 
1, Built and test 
performance hy 
2. Will develop, 
a space application—a 
Glass Fiber Technology. 
1. Successfully fired a 12,000 pound thrus 
solid rocket. Only such firing by any nanuf 
2. Has wound the only 156—-inch glass fiber cas 
applications. 
3, Is the only manufacturer known to be capable of begin 
of segmented glass fiber rocket casings. 


Additional Capabilities. 
ilies Experienced in thrust vector control, thrust termination and destruct 
systems, ground handling equipment--this experience is now being utilized 


in the Air Force Titan III-C program. 
t of flight control systems, instru- 


2, Has proven experience in the developmen 
electrical systems, structures and AGE checkout equipment. 


mentation systems, 


write UTC, Sunnyvale, California 


a efficiency which wo 


-fired, for the Advanced Research Projects Agency, the highest 
prid rocket engine yet developed. 

for NASA, a hybrid hover engine——the 
nd a hybrid system twice as 


first to be considered for 
powerful as any yet fired. 


+, three segment glass fiber encased 


acturer to date. 


ing suitable for segmented rocket 


ning immediate production 


Further reference. 


United Technology Center omsion of ure U 
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FLIGHT VERSION of SNAP-IOA, first flight of which is planned early next year. 
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SPECIAL REPORT: Atomic Energy Commission 


AEC Likely to Spend Over $2 Billion 
On Rockets and Auxiliary Power Units 


Total for decade could top $2.5 billion if step-up occurs 
in rocket development, SNAP-50/SPUR program; enthused 
SNPO manager outlines test timetable; a summary of activity 


THE ATOMIC ENERGY Commis- 
sion can be expected to spend well over 
$2 billion during the next decade to 
provide a nuclear-rocket capability and 
the nuclear auxiliary power units needed 
for long-lived satellites and deep space 
probes during this time period. 

Current spending levels, if contin- 
ued, will readily meet this estimate. An 
acceleration in the nuclear-rocket devel- 
opment effort and in the SNAP-50/ 
SPUR Advanced Space Power System— 
a not improbable circumstance as the 
need for each becomes more apparent 
and more urgent—could raise total 10- 
year expenditures to over $2.5 billion. 

The Space Nuclear Propulsion Pro- 
gram, a joint AEC/NASA effort, is 
directed by Dr. Harold B. Finger. The 


FIRST NERVA reactor to be tested at 
power in Rover program at Test Cell “A,” 
Nuclear Rocket Development Station, Nev. 
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Systems for Nuclear Auxiliary Power 
(SNAP) Program is directed by Dr. 
Richard L. Kirk. Both were interviewed 
by MissiLEs AND ROCKETS during the 
past few weeks. Their comments and 
those of many other government and 
industry officials are summarized below 
to indicate the present and future of 
both nuclear development efforts. 


NUCLEAR PROPULSION 


ABOUT A BILLION dollars would 
be needed to launch a nuclear rocket 
into a flight-test orbit by 1975, a feat 
that could be the precursor of manned 
exploration of interplanetary space by 
1980. 

If a manned. Mars expedition is at- 


NRX-A2 SENDS UP a plume of hydrogen over the Nevada desert during its successful 
power test of Sept. 24. High success of recent hot firings has encouraged nuclear-rocket 
proponents to press for post-Apollo space missions. 
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tempted, NASA and AEC officials say, 
there is little doubt that the nuclear 
rocket will be used to propel the space- 
craft between Earth and Mars orbits. | 
The nuclear rocket, with its proven 
specific impulse of over 700 seconds in 
recent static firings, appears to hold so | 
much promise for space exploration, 
and is such a large step forward in 
rocketry, that Harold B. Finger, man- | 
ager of the joint AEC-NASA Space Nu- 
clear Propulsion Office (SNPO), re- 
gards the recent tests as equal in im- 
portance to the early liquid-fueled rocket 
experiments of Robert H. Goddard in | 
the 1920's. | 
In discussing funding trends, Finger 
did not seem disturbed that the Fiscal | 
Year 1966 budget for the nuclear rocket | 


> 


probably will not be greater than the 
$150 million in his current budget. He 
said that with level funding, important 
and needed things can still be done: 

—Reactor technology can be fur- 
ther developed. Operations near the per- 
formance limits of reactors can be 
studied, for example. 

—Engine system data can be ob- 
tained. For instance, the reactor can be 
hooked up to its turbopump, full con- 
trols can be installed, and a breadboard 
nuclear rocket could be run as a self- 
contained unit. This might uncover sys- 
tem problems that did not appear during 
component tests or paper studies. 

—More work, including testing, can 
be done on the advanced reactor Phoe- 
bus I. The budget would also make it 
possible to start work on the high-power 
Phoebus II reactor, and to procure some 
hardware. 

@ Background—Project Rover is a 
joint AEC-NASA program to develop 
nuclear rocket technology for space ex- 
ploration. Because of the cancellation 
last year of the portion of the program 
known as RIFT (Reactor In Flight 
Test), the main continuing emphasis 
has been on developing graphite-core 
reactors. During the past few months, 
SNPO, which runs the program, has 
scored spectacular successes during sev- 
eral static firings of experimental re- 
actors. 

Under its first experimental reactor 
program, known as Kiwi, the AEC’s 
Los Alamos _ Scientific Laboratory 
(LASL) conducted an extensive series 
of hydrogen-cooled reactor tests to get 
information for the design of NERV A 
(Nuclear Engine for Rocket Vehicle 
Application). By absorbing reactor 
heat, hydrogen can be exhausted at high 
speed through a convergent-divergent 
nozzle, thereby furnishing thrust to the 
assembly. 

The NERVA engine system, which 
is in the 50,000-lb.-thrust class, is to 
be used as the technological base for de- 
veloping higher-powered reactor de- 
signs such as Phoebus I and Phoebus II 
(the latter also known as the advanced 
Phoebus). 

Almost all the work going on at 
LASL is on Phoebus I, which is the in- 
terim test reactor of Kiwi size to pro- 
vide data for the 5,000-mw., 250,000- 
Ib.-thrust Phoebus II, Phoebus I will be 
run at higher power, temperature and 
for longer durations than any of the 
Kiwis; testing is scheduled for the 1965- 
66 period. 

The industrial team of Aerojet-Gen- 
eral Corp. and Westinghouse Electric 
Corp., under contract to LASL since 
1961 for NERVA development, con- 
ducted the first power test of a NERV A 
Experimental Reactor—the NRX-A3— 
this past September. The reactor was 
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built by Westinghouse’s Astronuclear 
Laboratory. The reactor performed per- 
fectly, running for six minutes—the 
limit of available hydrogen—and reach- 
ing 85% of full power. A month later 
the reactor was restarted and operated 
at low power for 20 minutes. 

The harbinger of the NERVA tests 
was the hot run of the Kiwi-B4E reactor 
in August. In the first successful “live” 
run of a nuclear rocket reactor, the Kiwi 
performed for more than eight minutes 
at full power and temperature, and 
stopped only for lack of hydrogen. In 
September, the reactor demonstrated it 
could be restarted. 

These reactor tests verified the fact 
that nuclear rockets could achieve the 
performance predicted for them, run 
a long time, be restarted and be built 
within today’s state of the art. The full- 
power Kiwi-B4E test, for instance, 
developed a specific impulse corrected 
for altitude of higher than 750 seconds, 
as compared with 300-450 seconds for 
chemical rockets. The Kiwi thrust was 
50,000 Ibs., but this is not the funda- 
mental parameter since it can be easily 
raised. Thus, AEC and NASA officials 
are confident they are now ready to 
fashion their reactors for major space 
missions. 

@ Schedules and costs—Finger laid 
out for M/R the following timetable for 
feasible nuclear propulsion develop- 
ment: 

—Phoebus I reactor testing, 1967. 

—Flight-test of NERVA I system, 
first half of 1970’s; with stages using 
NERVA I, operational by 1975. 

—Stages powered by NERVA II, 
based on Phoebus II, late 1970’s. 

—DMars nuclear-propulsion ca abil- 
ity, late 1970's. 
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He stressed that this work could not 
be done without an increase in budget. 
He particularly would need ground fa- 
cilities, which would have to be de- 
signed and built. He admitted that 
some of the design work is already 
under way in the expectation of mission 
work for the advanced Phoebus. 

It will take about a billion dollars 
in as-yet-unappropriated funds to pay 
for a program culminating in the flight 
test of a vehicle based on NERVA. 
This amount includes the cost of the 
flight-test program itself as well as of 
the booster, pegged at about $100 mil- 
lion. 

The total cost of Project Rover so 
far, including total monies from NASA, 
the AEC and a small amount from the 
Air Force several years ago, is $582 
million through Fiscal 1964. NASA and 
AEC in Fiscal 1965 are spending $150 
million. Thus, the entire project will 
cost nearly $2 billion, allowing for 
normal growth of early cost estimates. 

In the nine years the Rover program 
has existed, the AEC has met nearly 
half of its expenditures, for a total 
of $283 million, with 73% ince.cred 
in the last three fiscal years. Biggest 
jump from Fiscal 1963 to Fiscal 1964 
was in NERVA, from $29 million to 
$51 million. A lesser, but significant, 
jump occurred in advanced technology, 
where expenditures rose from $6.6 mil- 
lion in Fiscal 1963 to over $11 million 
in Fiscal 1964. Not unexpectedly, in 
view of the amount of money already 
spent on Kiwi development, this pio- 
neering reactor program dropped in 
expenditures from $25 million in Fiscal 
1963 to $22.6 million in Fiscal 1964. 

@ Post-Apollo missions—The work 
SNPO is doing is scaled to the missions 


MINIMUM WEIGHT FOR MANNED DIRECT FLIGHT & RETURN 


NUCLEAR STAGE ON 
UP-RATED SATURN ¥ 


WEIGHT TO LUNAR TRANSFER VELOCITY, THOUSANDS OF POUNDS 


EFFECT OF NUCLEAR third stage on lunar-landed payloads. 
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INTERPLANETARY MISSION summary for Saturn V with third stage either chemical 
(solid block) or nuclear (shaded area) and fourth stage cryogenic. 


after Apollo. Thus, the nuclear rocket 
effort is not stymied by lack of a re- 
quirement but can go along with tech- 
nology development. Working at this 
lower level of effort, SNPO finds that, 
while the scope and magnitude of the 
nuclear rocket program may be affected, 
its existence is not. 

A NERVA stage, with its 50,000 
Ibs. of thrust, put in as the third stage 
of a Saturn V booster, could far exceed 
the utility of an all-chemical Saturn V 
for some lunar and all interplanetary 
missions. In fact, manned interplanetary 
exploration is one of the chief potential 
missions for the nuclear rocket. 

Studies show that a nuclear third 
Stage such as NERVA on a Saturn V 
could land about 47,000 Ibs. of payload 
on the lunar surface by means of a 
direct flight from Earth. This would pro- 
vide about a 30-day dwell period on 
the Moon for four astronauts. The all- 
chemical Saturn V could not be con- 
sidered for such a mission, since it 
could lunar-land on a direct flight from 
Earth only about 27,000 Ibs.; the mini- 
mum lunar-landed weight needed for a 
manned direct flight and return is about 
30,000 Ibs. 

Beyond Apollo, an uprated Saturn 
V with a NERVA stage could carry 
70,000 Ibs. to the lunar surface, thereby 
increasing the astronauts’ stay time to 
more than 90 days. Clearly, the nuclear 
stage would also find use as a lunar 
logistics vehicle, performing far more 
cheaply and reliably than all-chemical 
systems. 

By the same token, Saturn V would 
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also become more useful and its oper- 
ating life would be extended beyond 
Apollo. Even well beyond Apollo, there 
would be no need to develop nuclear 
rockets able to fly from Earth to orbit 
“because the chemical booster tech- 
nology is already at hand and would be 
difficult to improve upon,” according 
to Finger. 

Manned interplanetary missions such 
as to Mars call for about two million 
pounds of spacecraft and payload weight 
in Earth orbit. Estimates as low as one 
million pounds and as high as three 
million pounds have been given for 
this same mission. Regardless, if all- 
chemical propulsion were to be used for 
the Earth-orbit-to-Mars and back-to- 
Earth-orbit trajectories, the weight in 
Earth orbit would be between three and 
five times that needed for an all-nuclear 
vehicle. 

The Phoebus II could be used for 
propulsion for all interplanetary mis- 
sions through the Mars mission. For the 
manned Mars mission, two or three 
Phoebus II’s would be clustered in the 
first stage used to depart from Earth 
orbit, a NERVA II would be used in 
the second stage, and either a NERVA 
Il or NERVA I in the third stage, de- 
pending on payload requirements. 

The manned Mars mission would 
have to use boosters beyond the Saturn 
V’s, seven of which would be needed 
to put two million pounds in Earth 
orbit. 

®@ Clusters feasible—One question 
unknown that must be resolved, before 
modules of nuclear powerplants are 


strung together in orbit like parts in a 
Mechano set, is the effect of clustering 
on high-power reactors. Would there 
be a leakage of fission neutrons from 
one unshielded reactor to the next, for 
instance, thereby causing instabilities? 

Recent low-power tests at LASL this 
fall indicated that what little interaction 
did occur could be easily controlled. 
During the work, in which criticality 
was introduced into two adjacent re- 
actors during the running period, the 
units were gradually brought closer to- 
gether until only one foot separated 
their aluminum pressure shells. At this 
point, the power produced at the outer 
periphery of each of the cores changed 
by about 5%. On the strength of these 
tests, and the knowledge that this in- 
teraction phenomenon is stable and 
easily controllable, LASL scientists pre- 
dicted, according to Méissile/Space 
Daily, that multimillion-pound-thrust 
nuclear propulsion systems could be con- 
structed by clustering “two, three, or 
as many (nuclear rocket engines) as 
physical size permits.” 

Yet the power level of the reactors 
used in the test were held below one 
kilowatt, even though their nominal rat- 
ings were 1,000 megawatts each. Al- 
though the higher powers and tempera- 
tures could introduce manifestly dif- 
ferent coupling effects, LASL scientists 
believe that the problems raised would 
still be relatively small and not apt to 
cause instabilities. 

@ Tests scheduled—Although not 
part of the Kiwi development program, 
safety tests of Kiwi will be started next 
year. Called Kiwi TNT, for Transient 
Nuclear Test, these experiments will 
determine whether anything drastic hap- 
pens when the control drums are ro- 
tated rapidly, thereby cyclicly building 
up and cutting down reactor power. 
High temperatures and rapid structural 
changes in strain are expected, but noth- 
ing of an explosive nature. 

Next fall at LASL, the NERVA 
reactor will be tested in a system con- 
figuration, about a year ahead of sched- 
ule. The engine-reactor assembly will 
be tested with nozzle pointed downward 
rather than upward as in the tests up 
to now. This will be the first self-con- 
tained hot test of any nuclear rocket 
and will be the next high point in this 
country’s development of the nuclear 
engine. 

@ Facilities—No major new fa-— 
cilities are planned for Fiscal 1966. 
Only about $3 million is expected to be 
spent to improve old facilities for 
Rover; this includes installation of water 
lines in one of the test sites and some 
small structural changes in physical 
plant. 

When the RIFT program was alive, 
the SNPO had requested four additional 
test stands. Each costs about $20 million | 


missiles and rockets, November 30, 1964 


Double-Seal Pipe Joint Single-Seal or Double-Seal Tube Joint with explosive Double-Seal Pipe Joint with 
with buffer zone outlet Bolted Tube or Pipe Joints latch device remote handling devices 


Standard Pipe Joint with Tube Joint with remote Y-Band Coupling Tube Joints Tube or Pipe Fittings 
V-Retainer segments handling devices with union nut 


Ss NEW CATALOG 
NOW AVAILABLE 


CONOSEAL JOINTS FOR 
ALL MISSILE, AIRCRAFT AND 
NUCLEAR APPLICATIONS 


Lodi This new Marman CONOSEAL* 


AEROQUIP CORPORATION/MARMAN Phe 


Joint Catalog presents 
CONOSEAL Tube Joints, Pipe Joints and Fittings the complete new line of 
products for leak-proof 
connections. Typical CONOSEAL 


Joints contained in the catalog 


are illustrated above. 


eroquip 


order 
MARMAN DIVISION yours 
11214 EXPOSITION BLVD., LOS ANGELES, CALIFORNIA right 
AEROQUIP (CANADA) LTD., TORONTO 19, ONTARIO 
Aeroquip Products ore covered by U.S. ond Foreign Potents and other Patents Pending now 
a a Sa ee eS ae ee Se = 
| Aeroquip a fman OvieIony MR-11 | 
ii H xposition boulevar 
The CONOSEAL Joint consists of a male and female | doe Arigslee G4 Caliorens | 
flange and a frusto-conical shaped gasket (or gaskets) | Please send me a copy of Catalog No. 819 | 
which are contained either by bolts, V-band Couplings | : | 
or a threaded union. These all-metal! joints can withstand | a ! 
temperatures ranging from —450°F. to +2000°F., and | Company_ = .. | 
pressures up to 20,000 psi without leaking. | Madrees | 
*CONOSEAL is an Aeroquip trademark l Cit ae eee Zone 0 | 
| Would you like to talk to a sales engineer about your application 6 Yes | 
| 


Circle No. 53 an Subscriber Service Card 


ery ’ | 
ape 
“iw Lia Se Bo 10 ees 153 =e 


= IE 


Designed and instrumented by Scientific-Atlanta, this completely inte- 


grated antenna measurement system sets new standards of accuracy, 
flexibility, and speed. 

The range provides an incident wave front of extreme purity with abso- 
lute angle of arrival established within less than 1 milliradian at L band 
and wave front perturbations of the order of 0.1 milliradian. 

All adjustments are made and tests controlled by a single operator at 
the centralized console. By remote control he tunes the signal source to 
the selected frequency, adjusts the illuminating antenna height and direc- 
tion, even sets the polarization of the transmitted signal. 

The servo-controlled positioner provides movement of the test body in 
azimuth, elevation, and polarization. All angular velocities are tightly 
regulated. Angular accuracy is within 0.01°; position readout and resetta- 
bility are within 0.002° 


SCIENTIFIC-ATLANTA, INC. 


At the console, the operator may select one or more forms of pattern 


recording; planar pattern curves are recorded in either rectangular or | 


polar coordinates, and complete 3-dimensiona! radiation distribution tables | 


are generated automatically and simultaneously. The wide range receiver 
greatly increases the sensitivity and linearity of the range system, while 
its selectivity affords freedom from error due to extraneous interfering 
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By eliminating unnecessary manual adjustments, large amounts of data 


are presented in a short time. Measurements which before took weeks are | 
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and takes three to four years to design 
and build. There is little doubt that if 
a flight vehicle program is re-instituted, 
these stands will be built. At present, 
SNPO has only its Test Stand No. 1, 


although planning has started for the 
design of a combined engine-and-stage 


test stand. 

Since nuclear reactors are putting 
such a severe strain on the components 
of test facilities, and calling for a high 
degree of similarity to actual operating 
conditions, many test items are wanted. 
But the present economy mood of the 
Administration, and the uncertain fu- 
ture of the nuclear rocket, make SNPO 
Officials reluctant to draw up a complete 
shopping list. 

Some items, nevertheless, will be 
required shortly. Finger is calling for 
an effective system to pull away the 
rocket’s exhaust during a static firing. 
In addition, he sees a need for a flame 
deflector for Phoebus tests that can 
handle the hot hydrogen exhaust at 
about 3,500°F. 

Also not yet available but highly 
desirable is equipment for re-assembling 
a hot engine by remote control. Un- 
fortunately, only disassembly is possible 
today. 

@ Technical problems—Developing 
a nozzle able to withstand the severe 
environment introduced by hot, radi- 
ating hydrogen probably will be causing 
difficult engineering problems for nu- 


clear-rocket designers for many years. 
Current SNPO efforts include: 

—Trying to learn more about the 
way heat flows from the exiting hot- 
hydrogen propellant to the nozzle walls; 
this information would be used to es- 
timate the temperatures and stresses in 
the nozzle coolant tubes. 

—Looking into alternate designs and 
materials to get the best combination 
for nuclear-rocket performance. 

—Determining fabrication and qual- 
ity control techniques to be sure the 
final product will be able to stand up 
under operating conditions. This area 
is pinpointed as the one causing major 
problems; part of the problem is the 
difficulty of simulating the operational 
environment. 

© Control system—The engine-con- 
trol system for NERV A has not yet been 
fixed. The main problem is to design 
the hydrogen-flow loop and the reactor 
power loop so that the entire system 
operates stably and provides the per- 
formance needed. Stable operation in- 
cludes reactor start-up and shut-down 
transients as well as the steady-state 
condition. Another burden is the need 
to keep the reactor operating stably even 
though a component in the system may 
be degraded or inoperative. 

Control sensor development is 
another key problem area, chiefly be- 
cause the sensors must operate reliably 
in the reactor environment. “Our needs 


include a wide-range neutron flux 
measurement, a radiation-resistant pres- 
sure sensor, and a quickly responding 
measurement of the high-temperature 
reactor exhaust gas,” an AEC official 
told an international meeting early this 
fall. 

@ Radiation problems—Because the 
nuclear rocket technology leans heavily 
on chemical rocket experience, par- 
ticularly the hydrogen-oxygen rocket, 
only those problems peculiar to a nu- 
clear rocket are getting extensive study 
and work. In particular, research is 
heavily oriented toward practical prob- 
lems called forth by the radiation en- 
vironment: pumping boiling hydrogen, 
operating high-speed bearings in a radia- 
tion field, and developing pneumatic 
radiation-resistant control circuits. 

Two factors not met with in the 
Kiwi or NERVA work will come up 
during the higher-powered Phoebus ex- 
perimentation. 

The first is damage that might be 
done to structural materials by long- 
term radiation. Formerly, this could be 
ignored; now, when total radiation dos- 
age may induce crystal structural dis- 
orders, some exotic and difficult prob- 
lems arise. They become onerous when 
combined with high-temperature gra- 
dients introduced by the cryogenic hy- 
drogen. 

For this reason, the most important 
design factor in choosing materials may 
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be their ability to withstand the radia- 
tion environment. 

The second factor, which actually 
is an outgrowth of the first, is the effect 
of the concentrated radiation doses in- 
troduced by a cluster of nuclear en- 
gines. For low power it has been shown 
there is no problem, and it is hypothe- 
sized that for Kiwi- and NERV A-size 


reactors, it will be no problem; for 


Phoebus and beyond, however, there 
will be significantly increased dosages 
to control systems and feed-system com- 
ponents due to neutrons and gamma 
rays which emanate from the sides of 
adjacent engines. Even so, the SNPO 
does not anticipate any unusual effects 
in clustered nuclear engines “which 
might inhibit their use in space mis- 
sions.” To make sure of this, the office 
is sponsoring studies of the effects of 
high radiation doses on some compo- 
nents and materials. 

In addition, SNPO has made: sub- 
stantial investments in test facilities 
capable of testing materials and compo- 
nents of the nuclear rocket in closely 
simulated radiation environments. 

On a time scale beyond the solid- 
core nuclear rocket for propelling space- 
craft, and even beyond electric propul- 
sion, Finger sees advanced concepts such 
as the gaseous-core reactor for heating 
hydrogen, pulse propulsion systems and 
the Orion concept. Still further into the 
future, he says, “there are controlled 
thermonuclear fusion possibilities (but 
these are) quite remote.” 


SNAP DEVELOPMENT 


AT THE REQUEST of the Dept. of 
Defense in 1955, the Atomic Energy 
Commission initiated a broad program 
to develop compact, long-lived electrical 
power generators using radioisotopic 
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fuels, and later (1959), reactors for 
thermal conversion. The effort soon be- 
came known as the Systems for Nuclear 
Auxiliary Power, or SNAP, program. 

In 1963, DOD withdrew its require- 
ment for such systems, but thanks to 
the persistence of the Joint Atomic En- 
ergy Committee in Congress and the 
confidence of the AEC development 
team, the program has been preserved. 

A major fact of life in the develop- 
ment of such units is the long lead-time 
required—eight years as compared with 
the four to five years currently required 
to develop a space system or vehicle. 
Possible applications have always been 
envisioned, but the problem has been to 
pin users down to specific requirements. 
The AEC approach, then, has been to 
lay a broad enough foundation in its 
R&D effort to provide the technology 
and the test data when needed. 

Funding levels, however, have been 
held down; this has slowed systems de- 
velopment. Also, due’ to the nature of 
the origin of the two SNAP unit pro- 
grams, the industrial capability or depth 
has been restricted. Essentially, three 
contractors have been responsible for 
the bulk of the R&D programs. The 
AEC is now attempting to broaden this 
base. 

@ Funding in FY ’65—(See accom- 
panying table). AEC SNAP programs 
break conveniently into three parts: 
reactor-type generators, radioisotope 
power sources, and SNAP-50/SPUR 
(Space Power Unit Reactor) advanced 
space power and electric-propulsion sys- 
tem. (Note—reactor units employ even- 
number SNAP designations, radioiso- 
topic systems use the odd numbers.) 

Funding for these programs has 
been increased for FY 65 and is ex- 
pected to increase again in FY ’66. New 


AERIAL VIEW of AEC’s Santa Suzana, Calif., Test Site. Operated for AEC by Atomics 
International Division of North American Aviation, Inc., the station is employed in 
SNAP-reactor development, fabrication and testing. 
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applications, particularly in space, are 


expected for the radioisotope systems; 
reactor development will require ground ere 
test systems to broaden the technology; 


and if SNAP-50 is to be available in a 


practical time frame, its program devel- = 

opment must be accelerated. S ace 0 al 4 0 CS 
In the FY ’65 budget, about $13 : 

million is for facilities—$4.2 million for 


a : 
their equipment and $8.8 million b AA. 
for construction. Of the latter, $6.2 are involved oon Ys \ \ 
million will be used to support SNAP-8 | é. y 7 
flight prototype testing and $1.8 million ", W N 
to build a boiler test facility at Connecti- y 
cut Advanced Nuclear Engineering Lab- | 
oratories (CANEL) for SNAP-50 sub- 
system testing. 
Two major SNAP-50 facilities will 
be needed to continue the program— 
one for nuclear system tests and one for 
non-nuclear. Under the present sched- 
ule, reactor testing is due to begin in 
1969; the first integrated system tests are 
set for the 1972-73 time period to meet 
a probable system operational need by 
1977. 


RADIOISOTOPE GENERATORS 


A LONG-TERM | developmental 
program for advanced thermoelectric 
and thermionic heat-to-electricity con- 
version systems employing radioisotope 
heat sources was begun in March, 1956, 
with selection by AEC of the Nuclear 
Div. of the Martin Co., Baltimore, as 
prime contractor. 

The underlying aim of the effort is £/0.38 Solid Schmidt Lens | 
to develop a family of systems capable 
of producing different power levels for 


use in both space and Earth electrical- 

power applications. r it X Jerence rl p || F eB 
@ SNAP-3—The first complete ther- 

moelectric generator developed under 

the program was SNAP-3, which was 

built by Martin using a thermocouple 

unit produced by Minnesota Mining and a 

Manufacturing Co. (now 3M Co.). Com- | 

pleted in December, 1958, the power essen ld 1 

unit was fueled with Polonium-210 cap- 


sules produced at the AEC’s Mound ce. 
Laboratory in Miamisburg, Ohio. This , OUR EXPERIENCE INCLUDES: 


particular radioisotope, which is an ¢ Feasibility Study of 120-inch Manned 


alpha emitter, was selected because it fit 
the need and was readily available. Orbiting Telescope 


Martin completed the assembly, Large Aperture, Long Focal feneth 
tested it and delivered it to the AEC in Orbiti ng Optics‘ 
January, 1959. Considered a proof-of- : : : 
principle unit, the 4-lb. prototype pro- - Lightweight Optical Systems 
duced 2.5 watts total power using a half : : : 
Batre of Fo-210. Le a Wide Spectrum Optics 


Later, to adapt the generator for test £/0.33° Reconnaissance Lens. 
use as an auxiliary power unit in the : 


Navy’s Transit navigational satellite, f/0.8 Surveillance Lens 
five pounds of Plutonium-238 was intro- “ey 
duced as the fuel because of its longer FAO-11 


half-life characteristic—nearly 90 years 
instead of less than 5 months. On June, AMERICAN OPTICAL COMPANY 
1961, the first nuclear-powered satellite © ¥ aga aa 

was placed in orbit—actually the SNAP- Space-Defense Division 
3 system was used to supplement, not (Fecker Plant) 


supplant, the Transit 4A’s solar-cell | 4709 Baum Boulevard * Pittsburgh, Pa. 15213 « Phone 412—621-3200 
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power system. A second vehicle, Transit 
4D, carrying another SNAP-3 power 
source was orbited on Noy. 15, 1961. 
The first system is still performing satis- 
factorily; the second failed after eight 
months. 

@ SNAP-1A—A _ = 125-watt — R/I- 
fueled generator, called SNAP-1A, was 
developed by Martin concurrently with 
SNAP-3, for space applications. Fueled 
with Cerium-144, the system weighed 
200 Ibs. and was designed for a mini- 
mum one-year operation. Employing a 
static thermoelectric power conversion 
system, overall system efficiency was 
on the order of 5%. 


For ground-handling operations 
prior to launch, the system required use 
of a 4,000-lb. mercury shield (remov- 
able) for radiation protection. (The 
radiation level, 100 ft. from the bare 
core, was 22 Roentgens/ hour.) 

The Air Force requirement for the 
system was cancelled in 1960 while the 
system was still in the hardware de- 


velopment phase. It was never flight- 


tested. 

@ SNAP-9A—An advanced ver- 
sion of the SNAP-3 was next developed 
to provide power in an operational mili- 
tary navigation satellite. Producing 25 
watts and also using Pu-238 for fuel, 
the 27-lb. system, named SNAP-9A, 
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was orbited in a Transit satellite on Sept. 
18, 1963, and is still performing satis- 
factorily. Another was orbited in De- 
cember, 1963. 

@ SNAP-11—For NASA’s Surveyor, 
the unmanned lunar-surface explora- 
tion vehicle, SNAP-11 is currently un- 
der development. To be fueled with 
Curium-242, the 30-Ib. power generator 
will produce a minimum of 18.6 watts 
and operate continuously throughout 
the planned 90-day mission. The sys- 
tem now in test is expected to be ready 
for delivery to NASA next year. An 
electrically heated generator was de- 
livered by Martin to the Jet Propulsion 
Laboratory last May for testing. 

@ SNAP-19—Originally conceived 
for NASA’s Interplanetary Monitoring 
Probe (IMP) series and later redirected 
toward the Nimbus-B experimental me- 
teorological satellite, SNAP-10 devel- 
opment is now under way. A thermo- 
electric generator employing Pu-238, 
its design will be simple and require 
less weight than SNAP-9A, but. still 
produce 20 watts total power. 

Six prototype generators will be built 
by Martin under the present contract. 
Two 18-lb. generators will be carried 
in each satellite and the combined sys- 
tems will have a five-year designed 
operating life. 

The system eventually may be em- 
ployed in the Weather Bureau’s Ad- 
vanced Tiros operational meteorological 
satellite program. 

@ SNAP-17—Last November, Gen- 
eral Electric and the Martin Co. were 
selected by AEC for first-phase de- 
velopment of SNAP-17, a 30-watt- 
output thermoelectric generator. Fuel 
for the proposed 30-lb. system will be 
the beta emitter Strontium-90; with the 


SNAP EXPENDITURES 
FY 1962-65* 
(Figures include expenditures for operotion, fo- 


cilities ond equipment procurement, but exclude 
depreciotion ond cost of moteriols used.) 


To- 


SYSTEMS  FY‘62 FY‘63 FY’64 FY‘65 TAL 

(in millions of dollors) 
FOR ORDNANCE AND ORDNANCE-ACTUATED "power. 39.5 50.0 477 626 199.8 
COMPONENTS OR COMPLETE SYSTEMS power 42 27 54 7.0 19.3 
Space Ordnance Systems has available a wide range of electro-explosive Sooke: Power 16.9 37.2 23.0 23.1 100.2 
devices and ordnance-actuated mechanisms for use in missiles, aircraft TOTAL 60.6 89.9 76.1 92.7 319.3 


and spacecraft. These products include ordnance power cartridges and 
related mechanical devices or systems. Broad technical capability allows 
Space Ordnance to perform from initial requirement, through design, 
testing, and manufacture of the final, functional unit. 


*Authority: AEC’s SNAP Progrom Office, Ger- 
montown, Md., Nov. 2, 1964 
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years) power device for a Medium- 
Altitude Communication Satellite. 

@ SNAP-7  series—For | terrestrial 
applications, a family of SNAP-7’s was 
initiated in 1960 and has since been 
developed—all units employing nearly 
the same basic design. Each uses Sr-90 
as a fuel, but it is in the form of an 
insoluble compound, strontium titanate. 
Depleted uranium is used as a radia- 
tion shield with six of the seven exist- 


ing units in the seriese—SNAP-7E is 
provided with a massive iron container 
which serves as both a shield and a 
pressure vessel. 

@ SNAP-21 and -23—As a follow- 
on to the SNAP-7 series, the AEC is 
pressing a development effort to cut 
costs and weight and, at the same time, 
improve efficiency and reliability in fu- 
ture radioisotope thermoelectric genera- 
tors for a variety of terrestrial applica- 
tions. 

These include: 

—SNAP-21, a 500-lb., 10-w unit for 
deep-sea employment providing up to 


SNAP APPLICATIONS 


SNAP Power Develaped Weight 


Madel Output For (Ibs.) Application 
7 10w (AEC cancep- ——— Pratatype 
tual design) 
7A 10w U.S. Caast 1,870 Light buay, 
Guard Curtis Bay, 
Md. 
7B 60w U.S. Caast 4,600 Lighthause, 
Guard Curtis Bay, 
Md. 
7C 10w U.S. Navy 1,870 Auta. Weather 
Stn., Antarctic 
7D 60w U.S. Navy 4,600 Unmanned 
Weather Boat, 
Gulf af Mexica 
7E Jw U.S. Navy 6,000 Experimental 
deep-sea navi- 
gatianal bea- 
tan, aff Ber- 
muda caast 
7F 60w AEC ——— Demanstratian 


device and pas- 
sible use with 
beacan far aff- 
share ail drill- 
ing rigs 


a factor-of-10 weight reduction in the 
generator. 

—SNAP-23, a 900-lb., 60-w device 
for a program concentrating on advanc- 
ing thermoelectrics and system technol- 
ogy for land uses. 

@ SNAP-15—One-pound, one-milli- 
watt generators having a five-year design 
life are being developed for nuclear- 
weapon applications under a long-term 
program. The miniature units, which 
will use Pu-238 for fuel, will employ a 
very rugged design. 

@ SNAP-13—A demonstration de- 
vice, to be designated SNAP-13, is now 
under development and employs thermi- 
onic conversion. Such systems offer the 
possibility of a significant increase in 
both power-to-weight ratios and con- 
version efficiencies. 

The unit now in development is to 
be fueled with Curium-242 and will 
produce 12 watts output and weigh 
about 4 lbs. It will be capable of per- 
forming throughout a 90-day space 
mission. 

® Other SNAP projects—Many 
R&D projects are under way to support 
SNAP development. Among the major 
ones: 

—A test generator using Strontium- 
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90 is being developed by RCA’s Astro- 
Electronics Div. Using 60 thermocouple 
assemblies, the unit is designed for a 
30-we output. 

—General Instrument Corp. is de- 
veloping a thermoelectric generator de- 
signed to use unrefined (mixed fission) 
fuel products as a heat source. The fuel 
is characterized by a very low power 
density compared to that available with 
refined fission products. 

—Royal Research Corp. is working 
on a Cesium-137 fueled radioisotope 
generator. The heat source, built by Oak 
Ridge National Laboratories, employs 
cesium borosilicate glass, shielded with 
depleted uranium. Problems have been 
encountered in trying to successfully 


assemble the heat source and conver- 
sion unit, but the development effort is 
being continued. 

—For the Surveyor Lunar Roving 
Vehicle, the AEC in May selected Gen- 
eral Electric’s Missile and Space Div. 
and RCA’s Astro-Electronics Div. to de- 
sign 40 to 50-w thermoelectric genera- 
tors. The radioisotope systems, fueled 
with Plutonium-238, are to be designed 
for total weights under 30 lbs. and a 
one-year operating life. 

—Two NASA study efforts that may 
well influence future development and 
use of SNAP units will be performed by 
Douglas Aircraft Corp. and Space-Gen- 
eral Corp. Douglas will prepare a pre- 
liminary design for an integrated radio- 
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NASA MAP & GUIDE 


MANNED SPACECRAFT CENTER 
HOUSTON, TEXAS 


send tor 
NEW FREE NASA 
MAP and GUIDE 


Since NASA came to Houston in 
1961, Bank of the Southwest has 
been intimately involved in help- 
ing expanding firms visit, inves- 
tigate and locate in Houston’s 
burgeoning economy. Bank of 
the Southwest’s new NASA Map 
and Guide gives latest facts on 
the Manned Spacecraft Center 
and the surrounding area: ac- 
cess routes, building locations 
on the NASA site, important 
Space Center telephone num- 
bers, hotels and motels in the 
vicinity, restaurants and recrea- 
tional possibilities. Assembled 
by our Industrial Development 
Department, the NASA Map is 
the visitor's authentic guide to 
Houston’s Manned Spacecraft 
Center. 

This useful NASA map also out- 
lines Bank of the Southwest’s 
unparalleled service package for 
expanding industry: Full Scale 
Location Service. Other Indus- 
trial Development Department 
material is illustrated. Let us send 
you this valuable map and guide. 


ah of the 
out hwest 


HOUSTON © Member F 


Write John N. Schuelke, Vice President-Manager, 
Industrial Development Dept. for your free 
copy of the new NASA map and directory. 
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SCHEMATIC FLOW DIAGRAM of SNAP-50/SPUR flight system, showing reactor, 
turbine, generator, condenser and radiator arrangement. 


isotope power supply for the Manned 
Orbital Research Laboratory; Space- 
General will study unmanned vehicle 
applications for SNAP units. 


NUCLEAR-REACTOR 
POWER SOURCES 


PARALLELING radioisotope 
power-generation efforts is a very broad 
development program for a family of 


gyqere tent Pre | 
aa ae 


small, lightweight, long-lived, nuclear- 
reactor electrical power sources. Be- 
lieved both ideal and essential for future 
space missions, these units will provide 
reliable power throughout the 0.5-300 | 
kw range. 

Prime contractor for the AEC in 
the SNAP-reactor development program 
is Atomics International Division of 
North American Aviation, Inc., Canoga | 
Park, Calif. The firm’s responsibility 


SNAP-IOA ground test unit. Prototype will lead to a 950-lb., 500-watt electrical-output 


flight system for space auxiliary power. 
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includes power conversion systems and 
development, together with 
testing—particularly of 
SNAP-8. 

The program began in 1955 follow- 
ing a request to the AEC by DOD to 
look at the feasibility of reactor-type 
auxiliary power systems for possible 
military space applications. 

@ SNAP-2—The first system devel- 
oped under the program was SNAP-2 
using a small uranium-zirconium hy- 
dride reactor as a heat source. A joint 
AEC-Air Force effort initiated in 1956, 
it was designed for the 3-kwe range and 
used a mercury-Rankine cycle turbo- 
electric power-conversion system. In 
1963, DOD cancelled its requirement 
for the system. The program has been 
reoriented by AEC toward a component 
development program (see below). - 

@ SNAP-10 series—Initiated at 
about the same time as SNAP-2 was 
the SNAP-10 system. An engineering 
design was completed in 1959 for a 300- 
we, 330-Ib. conduction-cooled reactor 
system employing thermoelectric con- 
version. 

In 1960, it was decided to raise the 
output to S00 we and adapt the SNAP- 
2 reactor in a convection-cooled flight 
system, designated SNAP-10A. Weigh- 
ing about 950 Ibs., including shielding, 
the unit is due to get its first flight test 
early in 1965. 

Following a 90-day ground-test last 
January, using an electrically heated 
flight-system mockup (FSM-1) which 
produced a 500-w output continually 
under a simulated space environment, 
the first flight system (FS-1) went criti- 
cal in April. A 90-day test using the 
FS-1 nuclear heat source in a simulated 
space environment was completed suc- 
cessfully this fall. Testing of subsystems 
will continue through early 1965. 

@ SNAP-2/10A—Both SNAP-2 
and SNAP-10A generators can be up- 
graded from their respective output lev- 
els of 3 kwe and 0.5 kwe to 10 kwe and 
2-3 kwe, according to AEC engineers. 

A major effort to advance technol- 
ogy with the two systems is the further 
development of dynamic turboelectric 
conversion systems. In advancing the 
mercury-Rankine cycle, two approaches 
have been taken: 

—A high-speed, very compact unit 
for producing up to 5 kwe power out- 
put has been tested and is still in de- 
velopment. 

—A lower-speed system under early 
development for NASA is capable of 
power outputs up to 35 kwe. This sys- 
tem, which requires considerable reac- 
tor advancement, has been designated 
SNAP-8. 

SNAP-10B, a _ second-generation 
system, is now under advanced study. 
The principal goal is to determine how 
to significantly reduce reaction diame- 
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trouble-free installé 
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aerospace hydraulic filters. Ac 
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Reduced weight and size, c 
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ter size and the number and extent of 
external protrusions. The latter tend 
to scatter and reflect neutrons, thus in- 
creasing the radiation level at the pay- 
load. A new reactor will be designed 
with redesigned 10A reflectors. 

@ SNAP-8—In a joint AEC-NASA 
program initiated early in 1960, Atom- 
ics International is directing design and 
construction and will test the 35-kwe 
SNAP-8 space power unit. 

Aerojet-General, under a separate 
NASA contract, is developing the power 
conversion subsystem; Thomson Ramo 
Wooldridge, an AJ subcontractor, is 
building the mercury-Rankine cycle 
combined rotating unit; and RCA’s 
Astro-Electronic Division, an AI sub- 
contractor, is developing advanced 
thermoelectric material and generator 
technology. AI will build the reactor 
and perform system integration. 

The experimental reactor (S8ER) 
performed successfully during a 60-day 
operating test ending last April. The 
system functioned at or above 450 kwt 
(1300°F) during the test. 

Testing of a developmental reactor 
mockup (S8DRM-1) was started in 
April. It consists of a flight-type reactor 
and shield assembly but employs dum- 
my fuel elements. The system will be 
used in simulations of transport, launch, 
and operating conditions that the actual 
flight reactor will be subjected to. It is 
expected to prove SNAP-8 reactor com- 


patibility with the launch and space 
environment. 

@ SNAP safety tests—Considerable 
effort has been and is being maintained 
by the AEC to minimize the danger of 
radioisotopic contamination or, in the 
case of space reactors, unintentional 
criticality or excursion in case of acci- 
dent during a launch or mission. 


In isotopic generators, fuel capsules” 


are designed to maintain their integ- 
rity under all expected conditions except 
re-entry. For the latter condition, cap- 
sules are designed to ensure that fuel 
vaporizes in such a way that the result- 
ing submicron particles would be safely 
dispersed at high altitudes. 

The following tests typify the ex- 
tent to which the AEC safety efforts 
have been pressed in recent years: 

—To simulate a liquid-engine boos- 
ter fire on the launch pad, 8,500 Ibs. 
of kerosene and 6,000 lbs. of aniline 
and nitric acid were ignited over a 
missile structure containing SNAP-type 
generator assemblies and bare fuel cap- 
sules. The flash temperature reached 
5,100°F, the subsequent fire tempera- 
ture varied from 1,200-2,600°F as re- 
corded during the following 15-minute 
period, and fuel capsules not only were 
retained within their associated genera- 
tors but showed no signs of functional 
degradation. 

—Similar  solid-propellant-missile 
launch-abort tests were made using over 


10,000 Ibs. of black powder and pro- 
pane gas. After 30 minutes burning 
time and experiencing temperatures of 
up to 2,900°F, test capsules survived 
with no detrimental effects. 

Generators and isotope containers 
have been subjected to massive explo- 
sions (1,650 lbs. of TNT); furnace- 
heated and impacted at maximum velo- 
city against granite to simulate a post- 
launch failure; and dropped from air- 
craft from different altitudes at varying 
speeds and over a variety of terrain 
types to verify simulated impact tests. 
In all cases, the fuel capsules maintained 
their integrity. 

Another phase of the AEC’s safety 
effort is that involving high-altitude 
flight tests using a Scout vehicle. Called 
the Re-entry Flight Demonstration, the 
first successful test system (RFD-1) was 
launched in May, 1963, from Wallops 
Island using a SNAP reactor mockup. 

Employing a 759-mi. suborbital 
flight path, the flight had as its principal 
goal the collection of better design data 
to establish safety criteria in future 
flight hardware. RFD-2, launched Oct. 
9 from Wallops Island, carried a generic 
heat-accumulator-block type of isotopic 
generator. Purpose of the experiment 
was to study its re-entry behavior and 
to evaluate ablation rates of fuel and 
its capsule material. 

Ground tests are being performed 
through use of deliberate excursions of 
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In a span of only 125 days, the world’s largest solid rocket motor has twice tried to cleave its way through the earth’s 
crust. Its latest powerful effort was 2'/4 minutes long — was muscled by the roar of over 1,000,000 pounds thrust. This 
biggest shot, second of a series, was again accomplished by Lockheed Propulsion Company in a feasibility demonstra- 
tion for the USAF Space Systems Division. The same segmented motor case, 75 feet tall, constructed of 18°/o nickel 
maraging steel, was packed with 650,000 pounds of propellent and ignited. The results of both static firings proved 
extremely gratifying to Air Force officials, who foresee a ‘tremendous future’ for 156-inch solid rockets in space 
booster assignments. Under Air Force direction, Lockheed Propulsion has proved that 156-inch solid motors are 
practical. They are produced on time, transported by truck on any highway, loaded-stored-fired on schedule, within 
original cost estimate. Successful firings of the massive motor also proved that motor cases are re-usable, furnished 
vital information on an ablative-throat nozzle and suitability of a refined jet tab system for thrust direction control. 
The success of the LPC program is a tribute to those 

of us who have long held that large solid propellent LOCKHEED PROPULSION COMPANY 


boosters are feasible for many advanced space missions. REDLANDS, CALIFORNIA + A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


It solved our cryogenic 
fluid handling problem... 
We think it will solve 
yours, too. 


Question: What do you do when you 
can't find a commercially available 
valve to meet your exacting require- 
ments for cryogenic transfer line 
systems? Answer: Design your own. 
This is just what our engineers did, 
the result: a new series of jacketed 
and unjacketed valves for low loss 
handling of cryogenic fluids in five 
sizes from 14” to 2”. Here are just 
a few of their features that we think 
will help solve your problems: high 
flow... low cool-down losses... 
low heat leak .. . bubble-tight shut- 
off... zero stem leakage... ease 
of operation and, most important, 
reliability. What’s more the Series 
V-1060 Valves are available in three 
modes of operation—Manual, Cyl- 
inder and Positioner. Why not get 
the facts, write for our Bulletin 206. 
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SNAP-8 mockup will be used for mechanical and thermal tests of components. 


SNAP reactors to determine the maxi- 
mum expected energy release that 
could occur through accidental reactor 
criticality. In SNAPTRAN-3, a test last 
April, simulations were performed cov- 
ering an abort just after lift-off wherein 
the reactor impacts in water causing 
an excursion. Such a situation did in 
fact occur, but the system disintegrated 
with no fission-material hazards noted. 

A second test to measure energy 
release will involve an equally unlikely 
accident—criticality resulting from ro- 
tation of a reactor’s neutron reflector 
drum. 

@ SNAP-50/SPUR—Biggest of all 
the existing reactor-type space APU’s 
now in development is the SNAP-50/ 
SPUR—a joint AEC/ Air Force/ NASA 
program. As presently conceived, the 
program will require a total of $300 
million in expenditures through subsys- 
tem testing (1970) alone. Of this figure, 
$60 million will be used for construc- 
tion and equipment. 

Designed to produce outputs from 
300 to 1,000 kwe, it will provide a 
power capability for both electrical sys- 
tems use in advanced space vehicles and 
propulsion use for deep-space missions. 
Such a system would also be applicable 


for lunar-base operations and for large | 


manned orbital platforms. 

The program as presently phased 
could provide an operational system by 
the mid-1970’s, but much of the re- 
quired technology for the advanced re- 
actor and energy-conversion subsystem 
is pressing the state of the art. 

Employing a powerplant somewhat 
similar to that of the other SNAP re- 
actors, SNAP-50 differs considerably in 
that it employs very high temperatures 
—using refractory metal alloys, the 
reactor outlet temperature is about 
2,000°F. The result then offers the po- 
tential for a very high power output 
with a relatively low weight (6,000 Ibs.) 
system. Operating life will be about 
10,000 hours. 

The AEC project office is at 
CANEL, the Connecticut Advanced 
Nuclear Engineering Laboratory. Pratt 
& Whitney Div. 
Corp. is prime contractor for the de- 
velopment program. 

Principal Air Force contractor is 
the AiResearch Div. of Garrett Corp., 
for development of the closed-loop 
power conversion system. Westinghouse 
Electric Corp. is developing the genera- 
tor for AiResearch. B 
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of United Aircraft | 


Systems Analysts & 
Preliminary Design Engineers 
for Advanced Space Guidance 


& Control Systems 


Rapid expansion of space con- 
tracts, projects and studies at the 
HUGHES Aerospace Divisions in 
Southern California has created 
unusual opportunites for several 
qualified Engineers, Physicists 
and Mathematicians for Advanc- 
ed Space Systems assignments. 


Space-mission openings are avail- 

able in the following areas: 

a INTERPLANETARY GUID- 
ANCE & NAVIGATION 


a TRANS-LUNAR GUIDANCE 
& NAVIGATION 


a EARTHORBIT NAVIGATION 


ms RENDEZVOUS & RE-ENTRY 
GUIDANCE 


Current requirements include: 


Guidance & Navigation 
System Synthesis 

To study and develop guidance 
and navigation equations and 
techniques; make feasibility and 
error analyses; establish subsys- 


WE PROMISE YOU A REPLY WITHIN ONE WEEK. 


An equal opportunity employer. 


tem and component require- 
ments; conduct system prelimi- 
nary design; plan inertial, optical 
and electro-magnetic instrumen- 
tation. 


Contro! System Synthesis 


Toanalyze control system require- 
ments for various space vehicles; 
establish subsystem and compo- 
nent requirements; conduct sys- 
tem preliminary design; study 
measurement instrumentation 
and torque-producing equipment. 


Simulation 

To plan digital simulation for 
studies related to earth orbital, 
trans-lunar, interplanetary and re- 
entry trajectories; analog simula- 
tion of rendezvous guidance and 
control] systems. 


Applied Mathematics 


Space mathematics applications 
related to orbit determination, tra- 


jectory analysis, optimization pro- 
cedures, perturbation theory and 
space mechanics. 


If you hold an accredited Engi- 
neering, Physics or Mathematics 
degree, are a U. S. citizen and feel 
that you are qualified by interest 
and experience in one or more of 
these areas, please airmail your 
resume to: 


MR. ROBERT A. MARTIN 
Head of Employment 
HUGHES Aerospace Divisions 
11940 W. Jefferson Blvd. 
Culver City 57, California 


Creating a new world with electronics 


HUGHES AIRCRAFT COMPANY 
AEROSPACE DIVISIONS 


Stores Liquid Oxygen, 
Nitrogen, Argon, or Air 
for extended periods 
at -320°F without 
loss of liquid state or 
vacuum! 


Rugged, double-walled Liquified Gas Containers 
by Hofman are built with a vacuum of 10° 
mm Hg {or lower) between the wall, plus 
carbon or optional stainless steel outer casing 
and copper inner spheres. All are suspended 
between Hofman’s patented heavy steel shock- 
absorbing springs at the neck, allowing free 
movement in any direction. Perfect for 
temperatures ranging from —246°F to — 320°F. 
Available in 5 to 200 liter capacities. 


Helium and 
Hydrogen Containers 


Four insulating walls, stainless steel outer 
casings, copper inner spheres, and vacuum of 
10-* mm Hg or lower, make these nitrogen- 
shielded units ideal for research at temperatures 
as low as —452°F! In 10 to 100 liter capacities. 


Write for complete information! 
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NASA HEADQUARTERS 
Washington, D.C. 


PROCUREMENT OFFICE 


: .George J. Vecchietti 
_Herbert L. Brewer, Acting 
.Dr. Carl Schreiber 

John K. Koepf 
....Jacob M. Roey 
Frankie L. Wallace 


DIRECTOR 
Deputy Director 
Assistant to the Director. 
Industry Assistance Officer 
Small Business Officer 
Administrative Officer 
Procurement Review 
Division Dietrich Schroeder, Acting 
Incentives & Pricing Divisian. H. B. Christenat 
Industrial Resources Division R. L. Barber 
Special Inquiries & Reports 
Division. , Jeremiah F. Healy 
Contract Management & Surveillance 


Division...... Thurman H. Lautenschlager 
Palicy & Regulations 
Division William E. Stuckmeyer 


MARSHALL SPACE FLIGHT CENTER 
Huntsville, Alabama 


PROCUREMENT & CONTRACTS OFFICE 
ASSISTANT DIRECTOR FOR PROCUREMENT 
AND CONTRACTING . Wilbur S. Davis 


PURCHASING OFFICE .Garland G. Buckner 
Deputy Chief Andrew J. Wood 
Small Business 


Representative .. Emil J. Havrilla 
Engineering Services 
Branch. .James W. Fletcher 


William J. Miller 
William J. McKinney 


Studies Section. . 
Program R&D Branch 
Guidance & 
Control Section ....Robert W. Shankle 
Mechanical & Propulsion 
Section bar . .George D. Reed 
Flight Hardware & GSE Branch Fred Boles 
Support Services Section. Duron Crider 
Mechanical & Materials 
Section .Gerald D, Ridgeway 
Electronics Section ...Jack H. Grosser 
Construction & A-E Branch. Lawrence Garrison 


Construction 

Section . Houston M. McCullough 
Architect-Engineering 

Section Gorden R. Walker 


Plant Support Branch . .. John R. Jones 
Hordware & Materials 
Section 


Supplies & Services 


Edward M. Harper 


Personnel 


Section... .. Carvel M. O’Bryant 
General Operations 
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Facilities Section... ..Harry Williamson 
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IU, GSE & Payload Branch... Elbert B. Craig 
GSE Section.............. Henry Coldiron 
Instrument Section ..........Robert Mick 
Payload Section. Bernie Robinson 
Mississippi Test 
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Section’ ..... :.. 0-7, eeeee Harold T. Minney 
Propellonts Section.... ...Gordon Dison 


CONTRACTS OFFICE, 
MICHOUD OPERATIONS |. Marion S. Hardee 
S-1C Section. .. . . .......Birch Aldridge 
S-1/S-1B Section. .. ........ _B. T. Smith 
Support Services Section ...Armond Groves 
Focility Section _... Elbert Martin 


S-IV Stage Section .. 

S-IVB Stage Section 
Engines Branch. 

RL-10 Engine Section. 

H-1 Engine Section . 

J-2 Engine Section 


. James A. Morrison 
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Administrative Assistant. Kathryn K. Walker 
Small Business & Industry 
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An ITT switchboard goes to work at 35,000 feet. 


If control of our strategic air forces 
is ever shifted to SAC’s Airborne 
Command Post, things will be 
happening fast. 


On board, ITT’s solid-state 
switchboard interconnects with 85 
circuits by fast push-button 
dialing. It provides the airborne 
commander with direct connection 
to radio and multiplex equipment, 
even 24-party conferences. 


Should command remain below at 
Offutt and at other SAC ground 
command posts, ITT-developed 
Project 465L will provide 
up-to-the-minute information 


on the disposition of all SAC forces. 


At the same time, other ITT-built 
systems will keep commanders in 
constant communication. 


One of these is NATO’s Ace High, 
the tropospheric-scatter system 
that extends from Norway to 
Turkey. An ITT System company 
designed it, installed it, helps 
maintain it, and trains military 
personnel to run it. 


Speeding information is a job ITT 


can perform uniquely well. 

For such projects, ITT delivers 
entire systems, including 
transmission systems (tropo and 
line-of-sight microwave, cable, 
radio, multiplex); switching systems 
(electronic message switching 
centers, toll switchboards, cordless 
boards, PABX’s); and terminal 
equipment (displays, teleprinters, 
subsets). 

International Telephone and 
Telegraph Corporation. World 
Headquarters: 320 Park Avenue, 
New York, New York 10022. 


THESE ITT COMPANIES ARE ACTIVELY SERVING U.S. DEFENSE AND SPACE PROGRAMS: reorrat 
ELECTRIC CORPORATION © ITT CANNON ELECTRIC INC. © ITT OATA ANO INFORMATION SYSTEMS OIVISION © ITT ELECTRON TUBE OIVISION 


ITT FEDERAL LABORATORIES ® ITT GENERAL CONTROLS INC. © ITT GILFILLAN INC. 


@ ITY INOUSTRIAL LABORATORIES DIVISION ® ITT 


tNOUSTRIAL PROOUCTS OIVISION © ITT INTELCOM INC, @ ITT KELLOGG COMMUNICATIONS SYSTEMS ® ITT SEMI-CONDUCTORS, INC. @ ITT 
WIRE AND CABLE OIVISION © ITT WORLO COMMUNICATIONS INC, e JENNINGS RAOIO MANUFACTURING CORPORATION 
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absolute time base* 
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*with every stroke of every pen 


Dynograph*® pressurized ink-rectilinear recorder 


Better Readability... The completely new pressurized ink system Is SPECIFICATIONS 
controlled by a pump that maintains an unvarying pressure at all times 
while the instrument is in operation. This means that the tracing will re- Number of Channels — 1-8 standard 
tain its high resolution characteristics, regardless of variations in paper Sensitivity with ae Hay ram 
. . . . oov/mm. 
mie or signal frequency...never any skipping, or broadening of the without preame filer tain 
Uke , to5v/mm. 
Locked-in Accuracy ...Servo-control feed-back from the pen tip con- Frequency Response DC to 150 cps 
stantly matches the pen position to the input signal...for unsurpassed Linearity +0.25%, or less 
recording accuracy. Drift 1 mm/hr 
Absolute Time Base...All the pen tips are constrained to the same Ulli ; Scie untae 
straight line by the slide-wire assembly...in effect a ‘straight edge’ 1,000 p.f. or less AC. 
guarantee that completely valid time comparisons can be made between Power Required 230 watts, 
any or all channels. maximum (8 channels) 
Reliability... The all solid-state circuitry in the Dynograph recorder Input Couplers 28 standard, plus specials 


has been proven in the field for over seven years. In the event that 
problems do arise, the “plug-in” construction expedites service to min- 
imize downtime. 

Versatility... A multitude of inexpensive input couplers allow the con- 
ditioning of virtually any type of signal, making unnecessary the pur- 


chase of expensive special-purpose amplifier systems. Beckman’ ESaiicanes 
Interested?...Check the specification box, then contact your local OFFNER DIVISION 
Offner sales engineering representative, or write for Data File S645. Schiller Park, Hiinois 
C64-101 International Subsidiaries: Geneva, Switzerland; Munich, Germany; Glenrothes, Scottand 
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Command & Service Module... . .H. P. Yschek | 


Navigation & Guidance...... P. P. McGathy 

Lunar Excursion Module. James L. Neal 

Test Support......... _George J. Mehailescu Seaae roe 
GEMINI & FLIGHT SUPPORT....Glenn F. Bailey wy) . ny Oe 

Gemini Spacecraft........,.S. D. Armstrong 7 ie 

Test & Operational gh ds ..J. W. Epperly 

Control Systems........ .. J. P. Harris 


Contract Administration. . Harry L. Watkins 
GENERAL RESEARCH 


BRANCH... . ........Wayne W. Corbett | 
Crews Systems................ Ace Wilder 
Instruments & Equipment.......M.C. Owens | 
Engineering & Development 
SENVICES © chs sw cee wets William Chastain 
Research & abe a Oc Joe Harris 
Controct Administration.........C. E. Statz 
CENTER SUPPORT BRANCH. R. L. Kline 
Support........... ee Robert K. Peck 
Contract Services..... Ras) ..L. V. Lindley 
Contract Administration. .......M. H. Sands 


JOHN F. KENNEDY SPACE CENTER 
Cocoa Beach, Florida 


PROCUREMENT DIVISION 


hinges soo Gee ee M, E, Haworth, Jr 
PROCUREMENT REVIEW OFFICE...... G. M. Lott 
COST ANALYSIS OFFICE........... E. Oropallo | = 
INDUSTRY ADVISORY OFFICE ...T. M. Davis | TECHNICAL 
PURCHASING BRANCH.......... W. J. Wilken \ ER \ |] R \ 
Launch Facilities & Equipment Support cal | BROC H U R E 
Section................ sida as P. E. Ferris : , 
Administrative & Technical Operations ; : oO 
Support Section........ P. F. Whitaker, Jr. 
MSC Operations Launch Support 
Sectiqniy sn were seicceea sa W. M. Baulig = aoe 
CONTRACTS offers significant 
BRANCH......... M. W. Haworth, Jr., acting 


Sec ss vathagattton WW0cs...,..1. F: Skoyben and timely facts on 


Administrative & Technical 


Operations Support Section... .R. T. Nagle oO OST Ss Ss 
Facilities, Instrumentation & Special B E R L E 


Support Section.............. J. D. King : 
CONTRACT MANAGEMENT BRANCH. C. E. Clift 
Industrial Property Section.........H. Illian RESOLVER Cc HAI NS 
peaee eect cen ae «cae ee | Boosterless resolver chains (with no isolation or com- 
Focilities, LVO & Instrumentotion pensation amplifiers) can make marked improvements 
Support Section............. C. C. Hays in systems where angles rather than magnitudes are 
p iniarstive ® Technical he a a ne involved, such as in coordinate converters, stable plat- 
Upport Section..............R. C. Nea . . . : oe 
rol, navigation, guidance and similar 
ADMINISTRATIVE SERVICES es fire control, 8 8 
STARE ee. ee ....S. A. Weakley systems. 
Bei abo CUMENT CONTROL.” 10) Avrelio In many space applications, reliability, low power con- 
SMALL BUSINESS SPECIALIST... ....T. M. Davis sumption, space-saving compactness, as well as cold 


temperature and radiation problems with semiconduc- 


LEWIS RESEARCH CENTER tors, make boosterless resolver chains desirable. 


21000 Brookpark Road 
Cleveland, Ohio Vernitron is a leading source for gyro components: DC 


torquers, AC pickoffs, spin motors, steppers, synchros, 
PROCUREMENT & SUPPLY DIVISION as well as resolvers, servos and damping devices. 


DIRECTOR .............. Edword S. Hicks, Jr. 
Assistent @....: agate H. C. Moore, Jr. For the technical bulletin ‘“‘Boosterless BOOSIERLESS RESOLVER CHAINS 
Small Business Specialist. ..Norman C. Prahst Resolver Chains” which discusses prin- 
PLANS AND CONTROL OFFICE. ..J. F. Sweeney we A Cadena ls se aed Me. 
‘ion factors, ask your Vernitron represent- 
INDUSTRIAL SOURCES OFFICE. .... S. F. Felder ative—or write today! 
PRICE ANALYSIS OFFICE..... ....W. Stevens 
CONTRACT MANAGEMENT OFFICE. .E. E. Haden { 
CONSTRUCTION AND EQUIPMENT 
PROCUREMENT BRANCH. J. H. Zimmerman a 
Construction Section. .... .. ..R. W. Bouman ri THE QUALITY NAME 
Mechanical Equipment Section... L. P. Kelley | ERP Ror IN PRECISION 
Electrical Equipment Section... . .. W. E. Park con rer oR a” T 1 Oo ™ SERVO COMPONENTS 
Purchase Section........ ....B. S. Torre i wens . 
Farmingdale Division and Eastern Region Sales: 53 Gazza Boulevard, Farmingdale, N.Y. 
MATERIALS MANAGEMENT 
BRANCH W. E. Beck © (516) MYrtle 4.5002 © TWX: 516-248-9525 
Storage Section. ' ‘ * -_ : ; ‘c B. Enotie } Torrance Division and Western Region Sales: 1753 South Crenshaw Boulevard, Torrance, 
Supply Monagement Section. . .R. K. Manning California * (213) FAirfax 8-2504 ° TWX; 213-328-1802 


Freight Traffic Section... .. J. M. Krawezonek vn ae A. a ee iin : ; —— . geen am 
Redistribution & Disposal Section. .J. J. Govin 7 
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, CENTAUR PROCUREMENT BRANCH. L. C. 
fe @ W off th e Ss h Se lf Centaur Mission a : ao ae fo. 
FLOX Section............0-. D. K. Richmand 
Guidance Systems Sectian...... H. M. Siman 
Ss I ABILI Z A 1 io Ni Flarida Residency.........-... J. G. Thomas 
San Diega Residency....... J, L. Stephensan 


PLATFORMS ann | act ane DeyeormeNt ae. Hickey 
TRACKING SYSTEMS | sr etre Sees cette 


ae Technalagy Section. .J. H. DeFord 


F ean ; - Space Pawer Systems Sectian. J. E. Dilley 
or many years we have specialized in the design | CHEMICAL ROCKET SYSTEMS PROCUREMENT 
and manufacture of vim : BRANCH. 3s es cane ee J. A. Durica 
; g baled systems for: M-1 Section........... H. E. Hinckley, Acting 
= photographic & IR sensors ® radar antennas Chemical Racket 
i ¥ Section...........1. J. Flanagan, Actin 
= mirrors ® gravimeters ™ star trackers ™ lasers ® TV M-1 Residency..............5. W. M. King 
cameras ® telescopes. AGENA PROCUREMENT BRANCH. .... J. R. Eski 
‘ ue Agena Mission Sectian. .E. F, Stewart, Acting 
We are now ina position to offer off the shelf hard- Agena Residency................ J, J. Hurt 
ware and designs that will require a minimum of 
modification to accept your sensor. By manufac- GODDARD SPACE FLIGHT CENTER 
turing our own family of components, which include Greenbelt, Maryland 
gyros, torquers, vibration isolators and data trans- PROCUREMENT DIVISION 
mission devices, we are able to achieve: CHIEF, =e es Gordon H. Tyler 
: : = Assistant,..........0..-. Edmond J. Golden 
mres i 
idual motions of the stabilized load reduced to PROCUREMENT POLICY & REVIEW 
0.1% of the input ®™ verticality under flight condi- | OFFICE. Plime IE 
: : OPERATIONS CONTROL 
tions held to +2 min.of arc ™ a OFFICE..... ere William B. Melchi 
dynamic tracking accuracy of bet- FACILITIES SOURCE OFFICE . Harry T. O'Toole 
: f CONTRACT MANAGEMENT 
=e ter than 1 min.of arc ® gimbal OFFICE... 2. 5 eae Matthios Lasker 
Pp iticatians Far is: 
A Typical Airbarne Unit orthogonality of 5 sec of arc. psoas Ost eater To York. Jr! 
Orthogonality of axis— Assistant, Office far Gtranctel 


1 min. of arc. 


For additional information on Analysis . Howard R. Ca 
7 : one : pperman 
In flight en aCe how we can meet your gimbal Assistant, Office for Contract ae 
. se 107 5a system requirements, write ace ee NEGOTIATION ON a ly 
ccommodates a 5% foot dish. 
als to Dept. RB-120 BRANCH ... _ _ Joseph P. Cappello 
Section A. ue Howard Q. Mann 
Section B.... .. ..., . Arthur Essex 
Section Cc. AMEN aia James E. Graalman 
SPACE APPLICATIONS NEGOTIATION 
BRANCH .. . . Clifford W. Shorter 
Section A. .. : .. Edward L. Rosette 
Section B. ers _., Max Weiner 
SectionC ...... : Hines L. Tamlinson 


TRACKING & DATA SYSTEMS 
NEGOTIATION BRANCH ... Allen M. Ludingtan 
Deputy far Apalla Pragram Robert A. Perry 


SectionA.. sees Ben Galdman 

Sectian B : _ , Joseph F, FitzPotrick 

Section C. _.... William E. Doles 
FACILITIES SUPPORT BRANCH... William Ziegler 

Purchase Section. .... “Charles V. Anderson 

Specialized Cantracts 

Section. .....,...eees Julius O. Mackey, Jr. 


LANGLEY RESEARCH CENTER 
Langley Station 
Hampton, Virginia 


PROCUREMENT DIVISION 


CHIEF AND PROCUREMENT 
OFFICER. _........ _ Sherwood L. Butler 
Assistant Procurement Officer... John Munick 
Small Business Specialist and Industry 


Assistance Officer........ dee F. Braig 
Defense Materials Officer ..:...L. M. Kinney 

CONSTRUCTION CONTRACTS 
SECTION): 2 =. eens erie K. W. Brown 
Operatians Office. ........... W. S. Gilman 
RESEARCH AND DEVELOPMENT CONTRACTING 
BRANCH.......... ..+:-- W. A. Simmons 
Assistant), ee oc oe ee J. L. Clary 

Cantract Administratian 

AEROFLEX LABORATORIES INCORPORATED Sections; Mos cio I L. W. Fitchett 
SOUTH SERVICE ROAD - PLAINVIEW * LONG ISLAND : NEW YORK 118032 Cantract Negotiatians Section. . .D. B. Ahearn 
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PROPERTY CONTROL AND UTILIZATION 


IMG eee ss ie no oe F. A. Lofurno 
Assistant, ..000..0....... E. W. Chamberlin 
PURCHASE BRANCH.......... W. E. Hutcheson 
BAssistant Pewee es. es R. T. Moore 
STORES BRANCH.............. D. Buchanan, Jr. 
PRSSIStCUNG eo. Shy wren te nano a ee W. A. Porter 
AMES RESEARCH CENTER 


Moffett Field, California 
PROCUREMENT & SUPPLY DIVISION 


PROCUREMENT OFFICER... .... ..A. S. Hertzog 
Assistant Procurement 
Oficer ets ee kis oa Mark A. Greene 
Small Business 
Representative.............. R. A. Abbott 
R&D CONTRACTS BRANCH........ Gabriel Fox 
GENERAL PROCUREMENT 
BRANCH................ John C. Delaney 
PIONEER CONTRACTS OFFICE... ._. .E. W. Kaser 
PROPERTY & SUPPLY.......... K. W. Reynolds 


PROCUREMENT OPERATIONS. Joseph M. Camp 


WALLOPS STATION 
Wallops Island, Virginia 


PROCUREMENT DIVISION 
CONTRACT AND PROCUREMENT 


ORRICER MMe ed Lovis T. Birch 
Assistant. ..... 02.0.2... Robert H. Bradford 
CONTRACTING SECTION... ... William L. Elliott 
Contract Specialists.......... David V. Davis 
Irving T. Bloxom 

Contract Assistant... Sonja L. Holloway 
PURCHASING SECTION... .... Harry Hammond 
Procurement Assistants ...Vernon H. Magee 


Raymond Merritt 
Jean A. Johnston 
Henry J. Conklin 


Purchasing Agents........ Mary H. Williams 
Mae M. Pettit 

INDUSTRY ASSISTANCE AND SMALL 
BUSINESS SPECIALIST ......... Elton R. Scott 


ELECTRONICS RESEARCH CENTER 
Cambridge, Massachusetts 


PROCUREMENT OFFICE 


RSHIER ers ec. sais James B. Cahalane 
Business Advisory 

Specialist........... Edward U. O'Donnell 

Stertt meee ss eee John J, Harding, Jr. 


Henry A. Maffeo 
George K. Megerian 
John F. O’Brien 


FLIGHT RESEARCH CENTER 
P.O. Box 273 
Edwards, California 


PROCUREMENT & SUPPLY BRANCH 


PROCUREMENT OFFICER... ... Lloyd J. Walsh 
SMALL BUSINESS SPECIALIST. Morris E. Bowling 
SERVICE CONTRACT SECTION.... .L. D. Meyers 
R&D CONTRACT 

SECTION NO. 1...........- F. S. Steinwachs 
R&D CONTRACT SECTION NO. 2. B. J. Mayrbat 
R&D CONTRACT SECTION NO. 3..... B. Bearce 
SUPPLY SECTION............... O. G. Parsons 


JET PROPULSION LABORATORY 
4800 Oak Grove Drive 
Pasadena, California 


PROCUREMENT DIVISION 
MANAGER.................... T. W. Candee | 


{Above) Pratt & Whitney Aircraft technicians assem- 
bling Apollo fuel cell. (Right) Taber TELEDYNE® 187/ 
290-2S transducer/amplifier/voltage regulator package. 


Taber Teledyne’ monitors 
Apollo fuel cell pressures 


A high reliability, completely welded unit, the Taber TELEDYNE® 
187/290-2S was designed to monitor pressures in the Pratt & Whitney 
Aircraft fuel cell powerplant furnishing electric power for the Apollo 
command module. It combines the circuitry of the Taber 187 pressure 
transducer, 290 DC amplifier, and 305 DC isolated voltage regulator. 

Mating the 290 amplifier and 187 transducer provides a transducer/ 
amplifier package with a 5 volt DC output. Incorporation of the Model 
305 voltage regulator assures the regulation and DC isolation necessary 
in missile instrumentation because of system grounds. 

The new Taber 187/290-2S is being made in pressure ranges from 
0-15 thru 0-2000 psia. Specifications of individual components in the 
package are available in Price Lists P-63187, P-64290, and P-63305. 

For detailed information, write: Aerospace Electronics Division, Taber 
Instrument Corp., Section 217, 107 Goundry St., N. Tonawanda, N. Y. 
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H. Wilkinsan 
Small Business Specialist. _.Farest S. Gibsan 
W. Masser 
P. Wahlquist 
R. Lupini 
E. Schmidt 
D. Gant 
Divisian Caardination & Planning. ..E£. Parks 
G. Gibsan 
Hastelloy ‘C" Inconel X & 718 Space Science  . . ..M, Davis 
developed new techniques — and used them often. N. Goetz 
L. Hansen 
fabrication of exotic materials. Telecammunicatians . _.W. Puelle | 

F a 5 ; Sri age eC) : = iat .M. Bark 
Time and time again, Mechanical Specialties’ engineering Buyere/Negatignars ne 
necessary to fabricate com- P. Ryken 
F Guidance & Cantral. one _.M, Larsan 

ponents and assemblies 
rent and future supersonic C. Shatz 
F. Simaneau 
on your arolatie Write today for complete information and S. Evans 
J. Farrell 
P. Wilbur 
FABRICATION & FACILITIES 

MECHANICAL SPECIALTIES COMPANY SECTION: es oe Deipieaalcantae 


Staff Assistants...............B. Campbell 
A. Hustler 
SUPPLY PROCUREMENT SECTION .R. Nickbarg 
Group7l. ois. cee C. Pawers 
Buyers): oscacincacie ee eee J. Donahae 
B.Hogan 
R. Nelsan 
M, Otta 
R. Schwartz 
P. Vickers 
Graup I.) 3) Sane ...J. Moore 
Buyers. . Peery ets 5 .T, Adams 
W. Keller 
R. Wells 
Graup III. . Ps ... —P, Lesniak 
CAUSING MACHINING AND FABRICATION PROBLEMS? (aS on Ga 
a H. Garl 
C. Janes 
R&D PROCUREMENT SECTION... J. Bruntan 
Praject Caardinatian & Planning. R. Wagner 
Mariner 66 deni ..P. Lepage 
ue ” 5 Ue ee 
LET US MAKE IT EASY FOR YOU Mariner C. LL White 
SFOF/DSIF.......  c, 2 eo T. Belt 
J.Bodnar 
Invar AMS A 286 : sie 
. Operatian & Cantral_ . R. Savage 
Haynes 25 Columbium Operatians Analyses... _E. Flarity 
Buyers/Negatiatars .C. Alpaugh 
C. Chuh 
; ; M. Canconnon 
Easy because we're experienced. Easy because we've O. Figueraa 
At Mechanical Specialties we believe our capabilities Ri Harkeg 
include an important extra ingredient —ingenuity—and we Me Sa 
use it to meet new challenges such as the machining and C. Schaad 
F. Draper 
and manufacturing organization has worked closely with ate 
major aerospace companies to develop special techniques M, Jacabs 
Buyers/Negatiotors . ... D. Caldwell 
from exotic materials —com- J. Flatley 
: D. Maginski 
ponents critical to the cur- H. Pattersan 
aircraft, missile and space- M. Whaled 
Technical Divisians. . : .. J, Klase 
craft puncte) elie Buyers/Negotiators . .D. Anderson 
Put this know-how to work B- Eronchea 
new descriptive brochure. W. Frehn 
G, Pecci 
R. Serlin 
W. Speras 
5700 WEST 96th STREET, LOS ANGELES, CALIFORNIA 90045 Administrative Specialist ..L. Wherley 

; Y - Fabricatian.. 6... ee ee es R. Terry 

“the aerospace mechanical laboratory Buyers.......................J. Barton jf 

J. Bernhisel 


J. Kapur 
N. Little 
W. Larkins 
H. Davis 
Titanium Rene 41 Operatians Cantrol . D. Canter 
J. Greenhalgh 
R. VanVickle 
O. Margan 
C. Sears 
J. Curtis 
M. Taylor 
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An open letter 

from Greer 
Hydraulics’ Aerospace 
Systems Division 


eoeee 
. 


An Open Letter 
to Our Customers from 
Greer Aerospace Systems 


We're pleased to announce... 

... the appointment of a most widely respected sales 
organization to handle sales and distribution of our 
Aerospace products in foreign markets and the 


é Eastern Seaboard of the U.S. 

: The organization is Applied Hydro-Pneumatics, Inc. 

5 AHP’s address is: North Plaza Bldg., Valley Stream, N.Y. 

: The Greer-Aerospace sales effort will be headed by Applied’s 


President Alfred G. Vassalotti, and Vice President and 
Treasurer Marion Melato. 

With proven integrity and long experience, Applied 
Hydro-Pneumatics can serve your interests better, and 
both you and we will benefit. We hope you’ll ask Applied 
soon about Greer-Aerospace test and checkout equipment. 
There are more than 700 models to choose from! 


Appreciatively, 
Edward M. Greer 
President 


EMG:sv 


Coescscceseser® 


...and some eye-openers for users of test and checkout equipment 


A JEHA Hydraulic accessory pump 
HA for testing all types, sizes of HPE Portable testers for aircraft and motor test stand unit. Com- 
air and ground hydraulic compo- and missile systems. pletely self-contained with own 
nents. motors, pumps, etc. 


Greer Aerospace 
. LA. Division of GREER HYDRAULICS, 
‘ GOT INC. 5930 W. Jefferson Boulevard 
Los Angeles, California, U.S.A. 90016 


Where in the world can you 
take your choice of more than 
700 different test stands to fill 
any need? Only at Greer Aero- 
space. Worth knowing more 
about? New data sheets are 
ready now, and the coupon will 
bring them to you! 
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YOU PROBABLY KNOW 
3 FUNCTIONS FOR HONEYCOMB 


... THERE ARE 15 


Honeycomb is best known for its 
outstanding performance in high 
strength/lightweight sandwich struc- 
tures. Because honeycomb crushes 
uniformly it also finds wide use as 
a high efficiency energy absorber. 
Additionally, metal honeycomb pro- 
vides the unusual combination of RF 
shielding and very low air resistance, 
low turbulence ventilation. 


Yet the above examples demonstrate 
only a portion of the design benefits 
available from honeycomb. 


Let’s consider the basics of honey- 
comb in order to categorize the func- 
tions for which it can be useful. First 
let's define honeycomb and review its 
geometric characteristics. From this, 
then, we can consider the functions 
of honeycomb and the materials 
available to best meet the application. 


DEFINITION: 


Honeycomb is a continuum of uni- 
form two dimensional geometry 
which can extend infinitely in the 
third dimension. 


GEOMETRIC CHARACTERISTICS: 


1. It has stabilized hexagonal, col- 
umnar cells. 


2. It is a composite of parallel, uni- 
form cells sharing common walls. 


3. It has high surface area to volume. 


4. It has high free area to volume. 


FUNCTIONS: 


The characteristics of honeycomb 
suggest that it can be the answer to 
many problems arising with any of 
the following functions. (We have 
listed only those functions which 
apply most directly to the aerospace 
industry.) 


= Structural High Strength 

= Structural Low Weight 

®# Uniform Crush 
196 


" Filtering (including 
radio waves) 
™ Insulation 


" Light Control (diffusion 
and collimation) 


Fluid Control (direction 
and turbulence) 


Storage and Encapsulation 
Surface Reaction 


Heat Exchange 
Separation 

Metering or Counting 
Cushioning 
Conduction 

Vibration Damping 


MATERIALS: 


Because it is possible for Hexcel to 
produce honeycomb from nearly any 
material available in foil or web form, 
you can combine the characteristics 
of honeycomb with the properties of 
the material which best suit your 
needs. Hexcel honeycomb materials 
include aluminum of various alloys, 
paper, glass reinforced plastics, as- 
bestos reinforced plastics, plastic 
films and many super alloys. 


ONLY HEXCEL CAN OFFER: 


1. Over 500 production types of hon- 
eycomb. 


2. Readily available applications en- 
gineering assistance. 


3. Substantial R & D facilities. 


4. The most comprehensive library 
of technical honeycomb informa- 
tion in existence. 


For additional information, write to: 


facture of honeycomb core materials. 
Executive Offices: 2332M Fourth Street, 
Berkeley 10, California, (415) 843-4664 
Applications Engineering Offices: Hunts- 
ville, Alabama; Berkeley, Inglewood and 
La Mirada, California; Havre de Grace, 
Maryland; Arlington, Texas 


ye 
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LX HE XC EL PRODUCTS INC. 
i WY] World leader in research and manu- 


Buyers (cont.) . . . H. Baucher 
J. Brimhall 

P. Cole 
W. Gilmaur 


H. Grainger 


C, Gray 


C. Hill 

H. Newkirk 

L. Steadman 

D. Sutcliffe 

Canstructian.. : vx J. Tanner 
Buyers/Negotiatars ...F. Hoffman 
R, Kauffman 
J. Lane 

R. Morser 

G. Phillips 
G. Saunders 
G. Tembrack 
D. Alfard 

R, Bartlett 

R. Haenle 

D. Hardy 

K. LaVay 

W, Lard 

H. McDanald 
J. Slack 
PROCUREMENT SERVICES SECTION M. McClain 
Cantract Analyst Office M. Brundige 
A. Doble 
..D, Davis 

. .K, Abert 
W. Andersan 
R. Lawsan 
_R. Bartlett 
D. Bethel 

D. Baurquin 


Technical Facilities . 
Buyers/Negotiatars 


Pracurement Services 
Staff 


SURVEYOR CONTRACT 
Staff 


P. Hullinger | 


J. Thamas 
J. Wiltsie 


ATOMIC ENERGY COMMISSION 
(SNAP PROJECT PROCUREMENT) 
Washington, D.C. 


PROCUREMENT OFFICERS 
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TO IMPROVE NAVIGATIONAL ACCURACY _| 


HITCO NOW OFFERS ULTRA-PURE REFRASIL° 
WITH MINIMAL ION RELEASE 


# With average silica content of 99.5% 
# With a maximum alkalinity of 30 parts per million 
a With a predictable ablation rate 
a With insulation capabilities in excess of 3000° F. 
Vastly improved ultra-pure Refrasil C100-48 silica cloth 
is a major aerospace breakthrough designed for use 
in nose cones, exit nozzles, re-entry bodies and other 
critical aerospace insulation applications. 

This new level of purity results in a higher viscosity 
point...with high temperature characteristics over 
3000° 


MATERIALS DIVISION 


® 


It's 99.5% pure silica—with sodium, lithium and 
potassium impurities guaranteed not to exceed a max- 
imum of 30 parts per million and a boron content of 
not more than 300 parts per million. 

Because ultra-pure Refrasil erodes at a “predict- 
able" ablation rate, aerospace designers no longer 
must work in a “vacuum.” This uniform, highly reliable 
silica cloth is available in production quantities for 
immediate delivery. 

Write today for details and Hitco specification 
TMS 0208. 


H. 1. THOMPSON FIBER GLASS Co. 


1600 WEST 135TH STREET. GARDENA, CALIFORNIA 
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BREAKTHROUGH IN SPACE 


STEM* (Storable Tubular Extendible Member) devices have 
proven performance in many applications, placing the en- 
gineering and production abilities of de Havilland SPAR 
Division in the forefront of aerospace engineering. Size, 
weight, packaging, density, structural and other hitherto 


major problems in such confined areas have been overcome, 
resulting in new and advanced engineering solutions. 


Here are some of the STEM developments that have con- 
tributed to the advancement of space science: communica- 
tions antenna and arrays in sizes to fit many applications; 
long gravity gradient orientation booms, and attitude control 
devices; STEM devices for remote positioning of navigation, 
communications and instrumentation; high gain antennas 
and reflectors; extendible coupling and docking devices; and 
de-spin and stabilization devices. 


*Patent Applied For. 


De Havilland STEM devices are on these and many other 
programs; Alouette, LOFTI, NASA Javelin, Scouts, 
TRAAC, Transit, Gemini, Mercury, POGO. 


THE DE HAVILLAND a AIRCRAFT OF CANADA LIMITED 


SPECIAL PRODUCTS & APPLIED RESEARCH DIVISION 


Malton Ontario 
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- 
—contracts and procurements— | 


AWARDS 


AIR FORCE 


$1,166,211—Hewlett-Packard Co., Palo Alto, Calif., for fabrication of oscil- 
loscopes. 

$499,950—Texas Instruments, Inc., Semiconductor Components Div., Dallas, 
for molecular electronics for radar applications. 

$325,300—Paul Hardeman Inc., Stanton, Calif., for fabrication, installation 
and test of propellant test system. 

$120,000—Radio Corp. of America, Missile & Surface Radar Div., Moores- 
town, N.J., for maintenance and supply support for designated instru- 
mentation radars. 

$106,629—Hycon Manufacturing Co., Monrovia, Calif., for an image motion 
analysis, evaluation and measurement technique. 

$70,000—Auerhack Corp., Philadelphia, to design the storage and retrieval 
system for what will be the largest store of computer-processed reliability 
information in the world. 

$64,781—Rocket Power Inc., Mesa, Ariz., for research in chemical synthesis 
with monoenergetic ions. 

$41,635—North American Aviation, Inc., Downey, Calif., for a bioastronaut- 
ics laboratory research tool study. 

$37,000—Radio Corp. of America, Aerospace Systems Div., Van Nuys, 
Calif., for displays development work. 

$30,705—University of Hawaii, Honolulu, for an investigation of problems 
in information, transmission and processing. 

$27,600—The Boeing Co., Aerospace Div., Seattle, for a six-degree-of-free- 
dom spacecraft vehicle simulation training program. 


ARMY 


$1,206,895—Philco Corp., Newport Beach, Calif., for production of elec- 
tronic equipment. 

$365,200—Sperry Rand Corp., Long Island City, N.Y., for a feasibility study 
and development of a settable inertial altitude sensor and associated 
setter and tester equipment for use on high-g missiles. 

$344,749—Astro-Space Lahoratories, Inc., Huntsville, Ala., for machinery, 
fabrication and assembly of DC-MAW thrust floated gyro for the DC- 
MAW system. 

$75,000—Bendix Corp., Systems Div., Ann Arbor, Mich., for design, fabrica- 
tion and installation of TV tracker system. 

$44,933—Advance Electronics Corp., Hicksville, N.Y., for telemetering trans- 
mitter kit. 

$3 1,700—Baird-Atomic Inc., Cambridge, Mass., for a classified study. 

$21,406—Bethlehem Steel Co., Bethlehem, Pa., for cup forging for the DC- 
MAW weapon system. 


NAVY 


$7,830,438—Sperry Rand Corp., Sperry Gyroscope Co., Syosset, N.Y., for 
engineering services on an inertial navigation system for submarines. 

$1,758,000—General Electric Co., Washington, D.C., to manufacture, as- 
semble, test and furnish one Polaris fire control system for training use. 


$1,315,575—Radiation, Inc., Palm Bay, Fla., for modification of satellite 
communications equipment aboard the satellite communications ship 
USNS Kingsport. 

$530,000—United Aircraft Corp., United Technology Center, Sunnyvale, 
Calif., for continued research and development in hybrid rocket combus- 
tion and investigation of improved throttling for liquid rocket engines. 

$388,006—Vitro Corp. of America, Vitro Laboratories, Silver Spring, Md., 
for engineering services and studies related to ASW fire control systems. 


NASA 


$2,296,249—Westinghouse Electric Corp., Aerospace Div., Baltimore, for a 
LEM television camera. 

$1,330,040—Chicago Bridge and Iron Co., Pasadena, Calif., (awarded in 
conjunction with the Atomic Energy Commission) to fabricate and install 
two 500,000-gal. liquid hydrogen storage vessels and one 225,000-gal. 
water storage tank at the Nuclear Rocket Development Station, Nev., in 
connection with Project Rover. 

$466,000—General Telephone & Electronics Corp., Sylvania Electric Prod- 
ucts, Inc., New York City, to design and develop a “‘counter-spun” an- 
tenna for an advanced technological satellite that will spin like a gyro- 
scope as it circles the Earth in a 22,000-mi.-high orbit. 

$332,000—Sonex, Inc., Philadelpbia, for a telemetry modulation system. 


$324,500—Radio Corp. of America, Aerospace Systems Div., Van Nuys, 
Calif., for Saturn checkout displays. 

$288,180—Pall Corp., Environmental Control Systems Div., Long Island 
City, N.Y., for research and development of transportable ground support 
cooling units. 

$235,000—Atomic Energy Commission, Washington, D.C., for development 
of methods of producing ultra-high purity uranium dioxide particles clad- 
ding tungsten-uranium composites by plasma spraying and chemically 

analyzing for trace impurities in tungsten-urania composites. 


$148,579—General Electric Co., Missile and Space Div., Philadelphia, for 
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REFRACTORY METALS 


APPLICATION NOTES 


Only G.E. gives you 3 classes of molybdenum 
sheet, each with specified reproducible mechan- 
ical properties. You buy only the quality your 
application requires. 
2 mechanical properties. Processed for opti- 
5 
tions such as difficult deep drawing and 


ery CLASS 100 Highly engineered, precision 
© rolled moly sheet with specified reproducible 
w mum strength and ductility at room 

temperature. Use it for demanding applica- 
by severe die forming. Available in widths 
= from 4%” through 12”. 


CLASS 200 General purpose moly sheet 
with specified reproducible mechanical 
properties. Use it for less demanding appli- 
cations where the more highly defined 
mechanical properties of Class 100 are not 
needed. Available in widths from %” 
through 24”, 


CLASS 300 Moly sheet with limited, spe- 
cified reproducible mechanical properties. 
Use it for simple forming and blanking 
where less critical limits of mechanical 
properties, tolerances, finish and flatness 
are required. Available in widths from 
¥” through 24”, 


The specified minimum ductility of each class of molybdenum sheet, 
as determined by the Olsen Cup Test*, is shown below. 


OLSEN CUP LIMITS, Molybdenum Sheet Classes 100, 200, 300 
.380 ' 


.360 


CUP DEPTH, Inches 
5 Se 

a 

° 


.200 Cae | 
eee | eel ie 
fol oe | TT a ee 
0 .005 .010 .015 .020 .025 .030 .035 .040 .045 .050 .055 .060 
SHEET THICKNESS, Inches 
*Olsen Cup Test—a cupping test in which a metal sheet, restrained 


except at the center, is deformed by a standard steel ball until fracture 
occurs. The height of the cup upon fracture is a measure of ductility. 


Write today for a free Tungsten/Moly Conversion and Weight 
Slide-Rule Calculator and complete data on G-E molybdenum 
sheet. General Electric Co., Lamp Metals and Components Dept., 
21800 Tungsten Read. Cleveland, Ohio 44117. 


Progress /s Our Most Peter: B Product 
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PACE SYSTEMS 
ENGINEERS 


The momentum generated by the LEM and other space- 
oriented programs make Grummana unique professional 
environment for engineers and scientists who can con- 
tribute to the successful culmination of the project 
in the late 1960's. 

Technical perspective is the indispensable requirement 
of the space systems engineer. Facing increasingly 
higher levels of performance in alien environments, he 
makes the critical decisions as he weaves all relevant 
“state of the art advances” into the fabric of the system. 
Borrowing discriminately from many disciplines, sifting, 
selecting and incorporating elements that can accom- 
plish the technical goals of the system, Grumman engi- 
neers are transforming advance ideas into reality. Quali- 
fied individuals interested in growth with stability are 
invited to investigate these specific opportunities: 


Systems Coordination Engineers— will coordinate a program that 
organizes, validates and controls the overall functional requirements 
of an advanced manned spacecraft project fulfilling project objec- 
tive as prescribed by the procuring agency. These functional require- 
ments are translated into over-all vehicle performance and design 
requirements, establishing systems parameters from which the 
vehicle, its major subsystems, and support equipment are designed. 
Task assignments include: internal and external liaison with design 
specialists & systems personnel & direction of the incorporation 
of established requirements into top systems and vehicle specifica- 
tions. Applicants should possess a BS or MS in ME, EE or Physics 
and a minimum of 3 years of systems analysis or integration expe- 
rience in a major systems effort. 


Systems Engineers —Facility and Services—BSor advanced degree 
with a minimum of 2 years experience in establishing the require- 
ments for facilities and the criteria for the evaluation of existing 
facilities. Applicants will be required to survey tests and operational 
sites both ashore and afloat to verify weapon a compatibility 
with existing facilities and support equipment. Ability to recommend 
and/or originate solutions to preclude potential interface difficulties 
is necessary. Recent military experience and/or good working knowl- 
edge of military organization desirable. 


Control Systems Engineers—BS or advanced degree with experience 
in design analysis and integration of vehicle control systems. Appli- 
cants should possess a working knowledge of servo analysis tech- 
niques and subsystem and component hardware development. 
Position entails conceptual work in defining control systems, estab- 
lishing subsystem and component requirements, system develop- 
ment and verification. 

Senior Heat Transfer Engineers — BS or MS with minimum of 5 
years training and experience in structural heat transfer analysis 
is required. Will develop IBM programs and other analytical tools 
as needed to handle complicated configuration and end condition 
for space vehicle structures and propulsion systems. Must be capa- 
ble of determining temperature distributions and recommended 
heat transfer configurations for initial structural designs and the 
detailed analyses, and test verification work to complete the design. 


Rocket System Performance Analysts — Degree in Engineering, 
Physics or Chemistry with a minimum of 3 years experience In 
Liquid Rocket Development, test and analysis. Knowledge of small 
pulsed rocket engines and pressure fed propellant systems is very 
desirable. 

Fluid Mechanics Engineers — BS in AE or ME with 2 or more years 
experience in internal aerodynamics, duct pressure drop analyses 
or compressible fluid flow. Familiarity with aircraft or spacecraft 
propulsion systems desirable. 

Propulsion System Anaiysts — BS or MS with a minimum of 3 
years experience in rocket propulsion analysis and system simula- 
tion, using analog techniques. A good knowledge of liquid rocket 
feed systems, component characteristics, dynamic interactions, and 
vibration effects, is very desirable. Will be responsible for the 
eee test, and utilization of liquid rockets in manned space 
vehicles. 


To arrange an immediate interview, SEND RESUME 
to Mr. P. M. Van Putten, Manager Engineering 
Employment, Dept.GR-86. 


Bethpage - Long Island - New York 
(An Equal Opportunity Employer) 
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an experimental analytical investigation of a circularly polarized 500 to | 
5,000-w band plasma accelerator. 

$138,934—Electro-Optical Systems, Inc., Pasadena, Calif., for a high en- 
thalpy gas heater development for materials test facility. 

$132,550—System Engineering Laboratories, Inc., Fort Lauderdale, Fila., for 
a digital data acquisition system. 

$99,900—General American Transportation Corp., Mechanical Research Div., 
Niles, Ill, for a lunar survey probe sensor study. 

$99,000—Radio Corp. of America, Defense Electronic Products, Camden, 
N.J., for solar-pumped magnetically modulated laser communication sys- 
tem study. 

$97,713—United Electrodynamics Inc., Pomona, Calif., for PCM subcom- 
mutators. 4 

$96,000—Kollsman Instrument Corp., Space Div., Syosset, N.Y., for a lunar 
survey viewfinder study. 

$86,228—Philco Corp., Western Development Laboratories Div., Palo Alto, 
Calif., to conduct a study to determine guidance component requirements 
for a manned Mars mission. 

$74,457—Space Labs, Inc., Van Nuys, Calif., for a field support team. 

$64,930—Lear-Slegler Inc., Power Equipment Div., Cleveland, Ohio, to de- 
sign, develop, fabricate and test two electro-mechanical actuation systems. 

$63,860—Melpar, Inc., Falls Church, Va., to investigate methods to control 
microbial growth in manned spacecraft. 

$63,000—Beckman Instruments, Inc., Fullerton, Calif., for ultraviolet den- 
sity sensor. 

$45,205—TRW/Space Tecbnology Laboratories, Redondo Beach, Calif., for 
additional work on investigation of flight load prediction techniques. 

$44,000—Union Carbide Corp., Carbon Products Div., New York City, 
carbon electrode development program. 

$38,250—Aveo Corp., Tulsa Div., Tulsa, Okla., to build precision cleaning 
equipment. 

$37,000—Wilmore Electronics Co., Inc., Durham, N.C., for research to de- 
velop improved techniques for power conditioning for ion thrustor appli- 
cation. 

$36,025—Carbons, Ine., Boonton, N.J., for carbon electrode development 
program. 

$21,508—Engineered Electronics Co., Santa Ana, Calif., for the design and 
manufacture of a large, digital module electronic system and associated 
equipment, especially designed to provide a method of self teaching and 
reviewing of digital principles. 

Westinghouse Electric Corp., Atomic, Defense and Space Group, Baltimore, 
to assist in evaluating the performance of a British-American satellite 
(amount undisclosed). 


INDUSTRY 


$6,100,000—Cessna Aireraft Co., Wichita, Kan., from MecDonneli Aircraft 
Corp., St. Louis, for follow-on production contract for missile ejection 
racks, missile pylons, bomb racks and wing pylons. 

$200,000—Seaport Company, Seattle, from The Boeing Company, Seattle, to 
supply grinding wheels. 

$120,000—Radio Corp. of America, Aerospace Systems Div., Burlington, 
Mass., from Grumman Aircraft Engineering Corp., Bethpage, N.Y., for 
engineering assistance on LEM. 


$100,000—Sequential Electronic Systems, Inc., Elmsford, N.Y., from Gen- 
eral Precision Inc., Aerospace Group, Little Falls, N.J., for development 
and production of a state-of-the-art centrifuge. 


ATOMIC ENERGY COMMISSION 


$3,215,000—Sylvania Electric Products, Inc., Electronic Defense Labora- 
tories, Mountain View, Calif., for engineering services to perform re- 
search and development in the field of electronic ware. 

$1.330,040—Chicago Bridge and Iron Co., Pasadena, Calif., (awarded in 
conjunction with the National Aeronautics and Space Administration) to 
fabricate and install two 500,000-gal. liquid hydrogen storage vessels and 
one 225,000-gal. water storage tank at the Nuclear Rocket Development 
Station, Ney., in connection with Project Rover. 


ADVANCED RESEARCH PROJECTS AGENCY 


$138,203—Radio Corp. of America, Communications Systems Div., Cam- 
bridge, Ohio, for bundle drop marker beacon designs in connection with 
Project Agile. 


REQUESTS FOR BIDS 
GENERAL PROCUREMENTS 


Lewis Research Center ) 
21000 Brookpark Road 
Cleveland, Ohio 44135 


LRC issued RFP No. 202967 Nov. 22, 1964, for the development of proc- 
esses to produce oxide fibers for use in reinforcement of metals to achieve a 
fiber composite material for elevated temperatures. Contact Mr. Sherwood 
Holman at LRC. 


Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 


RFP 202970 issued during week of Nov. 22, to conduct an experiment 
testing program to develop oxidation resistant materials for transpiratiot 
cooled gas turbine blades. Contact Mr. Sherwood Holman. 
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HOW TO GET MORE INFORMATION 


° Circle the appropriate numbers on the card. 
e Fill out the card completely . . . title and company are a MUST. 
e Tear out the card and mail (we pay the postage). 
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BUSINESS ADDRESS a 


(I i i ZIP # 
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Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 

RFP 202969 issued during week of Nov. 22; requires contractor to de- 
velop coatings which will protect tantalum alloys from oxidation and inter- 
stitial contamination. Requests for copies should be forwarded to Mr. T. 
Donohoe. 


Air Force Special Weapons Center 
Procurement Directorate 

Attn: SWMKB 

Kirtland AFB, New Mexico 


Continuation of research studies for countermeasures to high temperature 
X-radiation. This notice is not for solicitation of additional proposals but is 
issued for the benefit of prospective subcontractors with appropriate security 
clearance. Those interested should contact Philco Aeronutronic Division, a 
subsidiary of Ford Motor Co., Newport Beach, Calif. 


Defense Communications Agency 
Code 260 
Washington, D.C. 

DCA proposes to procure single-source, R&D study necessary to provide 
display programming, investigations and development to support TEMPER 
and other war gaming models with their display subsystems and to provide 
the technical support required by the NMCSSC. For information only; 
RFP not available. 


NASA Headquarters 
Contracts 
Washington, D.C. 20546 


Continuation study to develop advanced solid propellants containing un- 
coated oxidizer. NASA is negotiating with Thiokol Chemical Corp., Elkton, 
Md, 21921. For information only; RFP not available. 


Directorate of R&D Procurement 
Systems Engineering Group 
Research and Technology Division 
Wright-Patterson AFB, Ohio 45433 

Negotiations will be conducted with Westinghouse Electric Corp., Dayton, 
Ohio, to develop the dynamic conversion subsystem for use in a power con- 
version concept utilizing a nuclear reactor as a source of energy and operating 
on a high temperature ranking cycle with liquid metal working fluids. This 
is a continuation of a present contract. For information only; RFP not avail- 
able. 


Procurement Division 
Code 247, Section B 
Goddard Space Flight Center 
Greenbelt, Maryland 20771 

Contract for Applications Technology Satellite (ATS) ground system to 
be negotiated with Westinghouse Defense and Space Center, Baltimore. For 
information only; RFP not available. 


Purcbasing Office 

George C. Marsball Space Flight Center 
Huntsville, Alabama 35812 

Attn: PR-ES, R. A. Parsley 


Marshall Space Flight Center proposes to negotiate with the Grumman 
Aircraft Engineering Corp. for an eight-month study on man-system locomo- 
tion hand controls and panel display concepts for maneuverable extraterres- 
trial vehicles. For information only; RFP not available. 


NASA Manned Spacecraft Center 
General Research Procurement Branch 
2101 Webster-Seabrook Road 
Houston, Texas 77058 

Attn: Aubin O. Ferguson 


Negotiations will be conducted with Aerojet General Corp., Houston, for 
a program to determine the blast parameters and fireball characteristics asso- 
ciated with explosions and deflagrations of various propellants. For informa- 
tion only; RFP not available. 


NASA Headquarters 
Washington, D.C. 20546 

NASA is negotiating with Grumman Aircraft Engineering Corp., Bethpage, 
N.Y., for a study of the Orbiting Astronomical Observatory. For information 
only; RFP not available. 


Contracting Officer 
National Aeronautics and Space Administration 
Langley Station 
Hampton, Virginia 

Negotiations for theoretical flow field calculation for Project RAM are 
being conducted with North American Aviation, Inc., Downey, Calif. For 
information only; RFP not available. 


U.S. Army Missile Command 
Redstone Arsenal, Alabama 


Research and development for the Hawk system: the requirement for ex- 
Perience in highly technical principles and processes which are available only 
from the prime contractor for the Hawk motor precludes award to other than 
Aerojet-General Corp., Sacramento, Calif. All inquiries relative to sub- 
contracting should be referred to Aerojet. 
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WE HELPED SOLVE 
THE THERMAL 
CONTROL PROBLEMS 
IN THE IMU SYSTEM 


FOR APOLLO 


THIS 1S HOW WE DID IT! 


1. We were already manufacturing to rigid 
NASA specs and qualified our proposed system 
components under NPC 200-3 inspection sys- 
tem provisions. We 


2. thoroughly analyzed the reliability specs and 
decided on a system that used previously 
proven solid state amplifiers. These amplifiers 
were qualified to respond to temperature sys- 
tem accuracies of .05°F. We added a unique 
current sensor of our own design (completely 
linear input/output, current/voltage relation- 
ship) and packaged the components. Specifi- 
cally we employed our MA20, MA25, MA17, 
MA16, RU27, PA36. This gave us temperature 
control, redundant temperature control and 
alarm systems. From the standpoint of size and 
weight, the system is at least equal to any known 
micro-miniaturized circuitry and, 


3. complies with ND1015404 Class |. Frankly, 
we felt pretty good about this project. Not many 
companies can produce precision temperature 
control systems of this magnitude, accuracy, and 
reliability. 


@ We like to think that if you have a temperature 
control problem of some complexity, you'll ask 
us! Chances are we'll have an answer. 


MILITARY SYSTEMS DIVISION 
MAGNETIC CONTROLS COMPANY 


6405 CAMBRIDGE ST..MINNEAPOLIS 26, MINNESOTA 
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—products and processes 


A tilt table, featuring a two-gimbal 
mounting system, which tests platforms 
with harmonic oscillatory motion in the 
roll, pitch and azimuth axes, is being 
manufactured by Aeroflex Laboratories, 
Inc. 

The Model ARX-208 has an outer 
gimballed frame, inclined at 45 degrees, 
to control both azimuth and pitch mo- 


New Product of the Week: 


Aeroflex Tilt Table 


tion. The inner, horizontal frame adds 
roll motion. Both provide adjustable 
amplitude control up to +10 degrees at 
cyclical rates from 0.05 to 1.0 cps. 

The table operates on 115v, 60 cps. 
Operating current varies with table speed 
and amplitude to a maximum of 7 am- 
peres. 
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Cryogenic Valves 


A series of cryogenic valves for han- 
dling streams such as liquid hydrogen, 
liquid helium, cold gaseous helium and 
rare and/or toxic gases is available from 
Cryovac, Inc. 

The V-1060 series are globe-type 
valves in the 150-lb, A.S.A. class. They 
are available in five sizes, ranging from 
0.5 to 2 in. Three modes of operation 
—manual, cylinder and positioner—are 
available. 

The valve features a vapor-seal that 
isolates all mechanical seals in the valve 
from cryogenic temperaturcs. It pro- 
vides a long, thin cavity filled with gas 
that has a temperature gradation rang- 
ing from the temperature of the process 
stream to ambient temperature near the 
“O” ring seals. 
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Silicon Strain Gage 


A single-crystal silicon strain gage 
for rocket propellant flow metering has 
been developed by Electro-Optical Sys- 
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tems, Inc. The device is capable of with- 
standing temperatures up to 1,000°F 
and continued immersion in both static 
fuels and oxidizers, the firm says. 

The gage uses a proprietary active 
element diffusion technique on a single 
crystal silicon substrate. It has a four- 
active-arm Wheatstone bridge for strain 
measurement with an additional resistor 
on the same layer for temperature meas- 
urement. 

According to EOS, the device is ex- 
pected to operate over a temperature 
range of —100° to 150°F. Resistance is 
450 ohms; gage factor is 60. 
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Precision Potentiometer 


The Model 7P48, a 30-in. rectilinear 
precision potentiometer, is available 
from Markite Corp. 

A combination of infinite resolution 
and the ability to operate while im- 
mersed in clean hydraulic and other 
non-conducting fluids is said to permit 
accurate operation and direct coupling, 
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thus eliminating the problems and errors 
introduced by gears, including back 
lash. Units may be specified with termi- 
nal posts, connectors or wires for elec- 
trical connection to servo and other 
systems. 

Standard independent linearity for 
the device is 0.2% with special accu- 
racies available to +0.01%. Standard 
units are furnished with single resistance 
elements, ranging from 5k to 50k ohms 
in the 30-in. length; dual elements can 
be specified, as well as taps at rcquired 
locations. 

Conservative figures for units al- 
ready in service indicate a life expect- 
ancy of over 10 million cycles, whcther | 
mounted in air or in fluid, within the 
operating ambient of —65° to 125°C, 
the company says. 
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Digital Tape Transport 


A digital tape transport featuring a 
servo-driven, single-capstan drive de- 
signed for low tape wear and reduced 
maintenance has been developed by 
Ampex Corp. 

The TM-11 operates at 75, 112.5 
and 120 ips. Data transfer rate is 96,000} 
bits/second. The unit is capable of pack- 
ing 800 bits of information per inch of 
computer tape. 

The drive system is said to utilize} 
80% fewer mechanical parts than con- 
ventional transport drive mechanisms. | 
All sliding friction between the tape’s| 
oxide surface and the transport is elimi-} 
nated, except across the read/write head | 
and the tape cleaners, Ampex says. 
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Measuring System 


plug-in. 
Counter accuracy is maintained over] 
the entire range by means of a combi-} 
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nation of AFC and phase lock for CW} 
signals. Phase lock holds over a £0.01% 
shift of the measured signal. The unit 
measures 5.25 in. high. 

Circle No. 156 on Subscriber Service Card | 
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Hydrophone 


A line-array directional electro- 
acoustical hydrophone, the Model L.H.- 
41, has been developed by Sparton 
Electronics Div. of Sparton Corp. 

The device uses piezoelectric ce- 
ramic elements in a flexural arrangement 
and features a minimum storage volume. 
Characteristics include: receiving sen- 
sitivity in db/lv/ubar of —87 minimum; 
capacitance at 1 kc in mufd or 10,000; 
nominal operating pressure of 135 psi; 
operating temperature range of —55° to 
71°C. Cable length is 300 ft.; diameter 
is 0.065 in. £0.01 in. 
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Coaxial Magnetron 


S-F-D Laboratories, Inc., has intro- 
duced a Ka-band ICEM® coaxial mag- 
netron, the Model SFD 335. 

The 8.9-lb. unit delivers 125-kw 
peak power output at a fixed frequency 
in the range 34.5 to 35.2 gc. Production 
fixed frequency tubes are supplied to 
within +50 mc of the customer’s desig- 
nated center frequency. The tube, war- 
ranted for 1,000 hours, is said to be 
suited for airborne, ground transportable 
and mobile system applications. Output 
is in circular waveguide (WC-59). 
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Pressure Regulator 


Controls Div. of Victor Equipment 
Co. is marketing a dome-loaded pres- 
sure regulator for such functions as con- 


trolling gases or liquid when combining 
fluids and/or gases, introducing fluids, 
into semi-solids or viscous liquids and 
injecting oxygen. 

The units are available in bronze and 
stainless steel for pressures to 6,000 psig 
and in aluminum for pressure to 3,600 
psig. Air flow rate is 7,000 scfm at 70°F. 


Operating temperature range is —65° to 
500°F. 
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Analog Switches 


Two microcircuit analog switches, 
PC-401 and PC-402, have been devel- 
oped by General Instrument Corp. for 
use in microelectronic digital-to-analog 
converters. 

PC-401 is a single input switch; PC- 
402 is a double, or complementary, 
input switch. Both units measure 0.375 
in. sq. and 0.085 in. thick. 

Circuit performance characteristics 
include: turn-on delay time, typically 0 
nanosecs and maximum 50 nanosecs; 
rise time, typically 50 nanosecs; turn-off 
delay time, typically 100 nanosecs; rep- 
etition rate, minimum 200 kc. 
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Photomicrograph Analyzer 


An electronic flying spot particle 
analyzer for quantitative studies of par- 
ticle structure of metal alloys and poly- 
crystalline materials has been developed 
by Airborne Instruments Laboratory. 

The instrument scans photographs of 
metallurgical sections taken through 
electron or light microscopes and makes 
a series of complex measurements of 
the microstructure in a few seconds. 


TRAILERS FOR THE SPACE AGE by ORSEV 


Dorsey has built a record of reliability during two decades of handling 
a variety of defense assignments and the versatility of our engineering 
and production departments is demonstrated by the current projects 
illustrated here. For virtually any type of specialized mobile equipment 
our Special Products Division engineers help prime contractors and 
defense agencies hold time and cost to a minimum. 


TOP: Full trailers to transport NIMBUS spacecraft, built for God- 
dard Space Flight Center. 


CENTER: Elevator-platform trailer designed and built by Dorsey 
to raise and lower cargo into and out of aircraft. Contract placed by 
Marshall Space Flight Center. 


BOTTOM: Electronics van to house equipment for monitoring 
acoustical environment around large space vehicles being static fired, 
built for the Marshall Space Flight Center. 


Write for our brochure, 


“Mobile Support Equipment” 


Special Products Division 


DORSEY TRAILERS / ELBA, ALABAMA 


Subsidiary of The Dorsey Corporation 
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TOTAL CAPABILITY 
FOR SPACE-DEFENSE 
SUPPORT SYSTEMS 


INERTIAL 
TESTING 


MISSILE “SS 
TRACKING 


In Addition: Spaceborne Optics 


Reconnaissance ° 


Instrumentation 
For information, write: 


AMERICAN OPTICAL 
® COMPANY 


Space-Defense Division 
(Fecker Plant) 


4709 Baum Boulevard, Pittsburgh, Pa. 15213 
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ONCEPT 


INC. 


INTER-DISCIPLINARY APPROACH 


TO SPACE AGE PROBLEMS 


Concept, Inc. is a new organization with 
a small but responsible staff of highly 
trained technical specialists. 


Our 


ciplinary approach 


include 
to all 


capabilities an inter-dis- 


space age 


problems relating to: Physics, Medicine, 


Engineering, 


and 


Psychology, Life Sciences 
Natural Sciences, and seeking ad- 


vanced concepts in engineering applica- 
tions to human research, 


Our staff is comprised of specialists in 
the above fields all with advanced 
degrees. 


Consulting arranged with selected faculty 


members of four 


Florida Universities. 


CONCEPT INC. 


St. Petersburg-Clearwater 
International Airport 


P.O. Box 12051, St. Petersburg, Florida 
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Tel: (305) 526-5001 
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The two-dimensional measurement of 
geometric relationships between compo- 
nents is accomplished by scanning the 
film with a 2,000-line raster on a CRT. 
The scanned field of the film is about 
20 x 20 mm. The scanner can resolve 
and measure images as small as 20 mi- 
crons on the field, corresponding to 


1/100 micron of the original sample | 


taken at 2,000-X magnification. 
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Galvanometer Amplifier 


Dynamics Instrumentation Co. has 
available a solid-state 30-ke bandwidth 
de amplifier for use with low-level trans- 
ducers and high-frequency galvanom- 
eters. 

The device offers gain steps of 0.5, 
1, 2, 5 and 10 coupled with a continu- 
ously variable multiplier, providing over- 
lapping gain steps up to 25. Noise is 
15 nv RMS or less referred to the input 
in a 30-ke bandwidth. Input impedance 
is 100,000 ohms at any gain setting; the 
instrument can withstand 200v peak at 
input without damage. Overload recov- 
ery is less than 1 millisec. Gain stability 
is +0.1% of setting for 40 hours after 
a 30-min. warmup. 

Output is =10v at 100 ma. Output 
impedance is less than 1 ohm resistive. 
Power consumption is 105-130v, 60 cps. 
Operating environment is 0 to 50°C. 
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Periodic Antenna 


A welded aluminum periodic an- 
tenna which operates over the 40 to 
1,000-me frequency range has been de- 
veloped by Litton Industries for surveil- 
lance and tracking. 

The Model 11E4-100 features right, 
or left-hand circular polarization by re- 
mote control selection; 9 +1 db gain; 
less than 2:1 VSWR and side lobes of 
more than 20 db below the main beam. 
The cantilever-mounted log periodic 
weighs 50 lbs. and measures 16 ft. All 
components are sealed or sheltered from 
the weather; the antenna withstands 100 
mph windloading with radial ice of 
0.5 in. 
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Coaxial Attenuators 


A 2.0 to 12.4-gc variable coaxial 
attenuator with a 0 to 40-db attenuator 
range has been developed by Narda 
Microwave Corp. 

The Model 791 features a maximum 
insertion loss of 0.75 db, VSWR of 1.30 
maximum and power-handling capabil- 
ity of 10 watts (average) / 5 kw (peak). 
A duo-dial drive is said to provide easier 
resetting and positive locking. For lower 
frequency use—2.0 to 2.5 gc—the at- 
tenuation range is 0 to 35 db. 
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DC Amplifier 


A self-contained differential dc am- 
plifier involving no signal transformers 
and no modulators is available from 
Neff Instrument Corp. 

The Type 110 is an all-silicon, solid- 


state device. Specifications include: dif- | 
ferential input with 5 megohms input 
impedance; output of +10v into 100 4 
ohms with less than 0.5-ohm output 
inpedance; frequency of 1% dc to 12 
ke, 3 db at 80 kc; linearity of +0.01% 
f.s.; rise and settle time of 2 ms to 1%, 
100 ms to 0.1%. 
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Motor-Tachometer 


McMaster Products Corp. is market- 
ing a Size 8 motor-tachometer featuring 
a total inphase output ratio change of 
+1%. Total phase shift change is +2 
degrees over a temperature range of 
—55° to 125°C. 

If required, units can be compen- | 
sated to yield a total in-phase output | 
ratio change of £0.5% over the com- 
plete temperature range. In-phase null 
voltage of the tachometer is held to 
0.005v RMS maximum while the total 
in-phase axis error change with respect 
to the temperature range is +£0.005v | 
maximum. Scale factor is 0.55v per | 
1,000 rpm at a maximum power input 
of 1.8 watts. Maximum operating tem- 
perature is 165°C and the unit meets or | 
exceeds MIL-E-5272C specifications. 
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Core Memory 


A large-capacity coincident current | 
core memory for computers with a I-ms | 
cycles time is being marketed by Ampex | 
Corp. 

The RS provides 1-ms operation with 
storage capacities of 4,096, 8,192, 12,- 
228 and 16,384 words by 8 to 56 bits. | 
Increased speed is obtained by use of a 
magnetic module using 22-mil nickel- 
ferrite cores. Operation modes of the 
RS are read-restore, clear-write and | 
read-modify-write. Control signals are 
read-request, write-request and ready- | 
modify-write. | 

Circle No. 167 on Subscriber Service Cord 
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Electrometer 


A precision electrometer, capable of 
use in detection of ultra-small electrical 
potentials from high impedance sources, 
is being marketed by Electro-Mechani- 
cal Development Co. 

The instrument is a null indicating 
device providing sensitivities in excess 
of 10,000 divisions per volt or 5.7 x 10” 
divisions per coulomb. 

In operation, the unit depends on 
movement of a conducting quartz fiber 
in an ac electrical field. The fiber is situ- 
ated between two electrodes charged 
with alternating current voltages 180 
degrees out-of-phase. The fiber reacts 
to the changing electrical field by oscil- 
lating at a rate double the frequency of 
the applied alternating current. 

Because the instrument can measure 
its own contact potentials, any shift 
caused by environmental changes can 
be compensated for in the final meas- 
urement. 

The device is available in two mod- 
els: one with an input power of 95- 


i] 
i] 
i] 
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PROBLEM 


how to best 
determine these 
lunar properties: 


125v/190-250v, 20w, 60 cps; one for temperature, 
operation on 95-125v/190-250v, 20w, t h 
50 cps. : opograpny, 
Circle No. 168 on Subscriber Service Cord surface Dearing 
Vacuum Relay strength 
’ 
A high-voltage vacuum relay, avail- | : h 
able in either of three contact forms and Stratigraphy, 


three mounting configurations, is being 
marketed by High Vacuum Electronics, 
Inc. 

The Model H-8 is supplied in SPST, 
SPDT and DPDT configurations and 
with solder-flange mountings, threaded- 
base or three-hole mountings. Operating 
voltage is 20 kv. Maximum current is 


age, mineral and 
water content. 


SOLUTION 


convert Tl’s 
33 years of 
earth science 
experience into 
recommendations 
for 215 pounds 
of lunar 
exploration 
equipment. 


NASA’s Manned Spacecraft Center selected Tl to formulate an optimum 
series of measurements and experiments which might be made on the 
lunar surface by Apollo astronauts. Tl is combining 33 years of geo- 
physical-geological experience with other diverse in-house technologies 
and management concepts and will recommend to NASA the measure- 
ments to be made with the allotted 215 pound exploration package. 


15 amps dc. Maximum switching time , 
is 15 millisecs. Nominal coil voltage is | 


26.5v dc. Variations of the device can <1 TEXAS INSTRUMENTS 
be supplied with operating voltages up | lf INCORPORATED 


to 30 kv (oil). SCIENCE SERVICES DIVISION 


Cirele No. 169 on Subscriber Service Card | 6000 LEMMON AVENUE « DALLAS, TEXAS 75222 
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Breadboarding System 


A modular breadboarding system fa- 
cilitating the checkout of digital logic 
systems designs has been announced by 
Roback Corp. 

The Facilogic® breadboarding system 
consists of a pre-wired bench cabinet, an 
18-switch panel, power supply, complete 
sct of patchcords and 33 standard plug- 
in modules, each composed of 1 to 4 
basic digital circuits. Matching encapsu- 
lated logic modules and standard cards 
for all modules are available from stock, 
thus allowing designs to be converted 
into production systems without long 
lead times. 


All standard circuits are available, 
including NAND, NOR AND and OR 
logic. Logic diagrams are screened on 
the front of the modules and conform 
to MIL-STD-806B specifications; stack- 
ing piggyback leads are available to per- 
mit unlimited connections to any mod- 
ule. The modules measure 1.5 x 1.75 x 
3 in. Up to 330 modules, or a total of 
1,320 circuits, can be accommodated in-° 
a 6-ft. relay rack. 
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Multicoupler 


Electronic Communications, Inc., is 
producing a 1.5-kw UHF servo-tuned 
cavity multicoupler with an insertion 


LINDSAY STRUCTURE gives you strong, 
fight housings for mobile equipment... 


Lindsay Structure is designed for op- 
tional use with mobile equipment. For 
years Lindsay Structure has been used by 
leading truck body builders. The same 
factors that make Lindsay Structure ideal 
for truck bodies make it perfect for 
mobile ground support equipment — 
complete flexibility of design because of 
thousands of different-sized prefabricated 
components and panels plus unusual 


strength and lightness. 


LET US HELP YOU WITH YOUR GROUND SUPPORT 
EQUIPMENT INCLUDING PROTOTYPES. WRITE OR 


PHONE FOR INFORMATION. 


INTERNATIONAL STEEL 
COMPANY 


Lindsay Structure Divisian 
1543 Edgar St. * Evansville, Ind. 47707 
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Lindsay Structure used 

for a VHF Omnirange Site 
Testing Truck by Civil 
Aeronautics Administration, 
Kansas City, Mo. 

Built by American Body 

& Equipment Co., 

Kansas City, Mo. 


Lindsay Structure, with its 
“pre-tensed”’ sheets, achieves 
extraordinary strength and 
lightness. It is quickly and 
easily assembled by inexpert- 
enced workers. 

No special tools are required. 
Lindsay Structure units are 
absolutely uniform and can 
be built to any desired size 
— easily disassembled or re- 
assembled — easily repaired. 
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loss of less than 1 db. 

The unit is designated CU-140/GRC 
and meets MIL-E-16400 requirements. 
Basic building block is a 1.5-kw tunable 
filter. The multicoupler contains four of 
these dual-cavity filters, which can be 
servo-tuned to any of 3,500 channels in 
the 225 to 400-mc range. An RF power 
meter serves as a local monitoring de- 
vice for each filter. 

According to the firm, the high de- 
gree of selectivity permits operation at 
frequency separations as low as 5 mc. 
Each filter consists of two 10-in. aper- 
ture-coupled coaxial cavities resonant at 
the operating frequency. Other specifi- 
cations include: an input impedance of 
50 ohms (at resonance with output ter- 
minated at 50-ohm load); output im- 
pedance (to antenna load) of 50 ohms 
nominal; insertion loss of 1 db maxi- 
mum; VSWR of 1.5:1 maximum. 
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Uncoated Laser Optics 


Laser Systems Center of Lear Sieg- 
ler, Inc., has announced a series of un- 
coated laser optics, designated as “reso- 
nant reflectors.” Peak powers over 10° 
watts per square centimeter have been 
successfully and repeatedly handled by 
the assemblies, the firm said. 

The resonant reflectors are broad- 
band in operation and offer reflectivity 
from 0.4 to 4 microns. The assemblies 
of parallel sapphire or quartz plates are 
available with both a choice of reflector 
materials and number of elements, thus 
offering a wide range of reflectance val- 
ues. Reflectivity peaks are said to be 
separated by approximately 1 Angstrom. 
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Trimming Potentiometers 


The Atohm Electronics potentiom- 
eter, measuring 0.15 x 0.25 x 0.435 in., 
is available in a flexible wire lead con- 
figuration. 

Model 322 is rated at one watt and 
will operate in temperatures from —65° 
to 200°C. It is designed to withstand 
50 g’s constant acceleration, shocks of 
50 g’s for 11 millisecs. and vibrations of 
20 g’s from 10 to 2,000 cps. 

Other features include a non-abrad- 
ing wiping surface, insulated metal man- 
drel embedded in a heat-transfer epoxy 
and a non-emulsifying lubricant which 
will not blend with moisture or become 
gummy. 
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Plasma Are Flow Facility 


MHD Research, Inc., has developed 
the FF-20 plasma arc flow facility, 
equipped with an 80-kw plasma arc jet 
heater, which may be operated on either 
argon or nitrogen. 

It is designed for downstream injec- 


- 


tion of oxygen to simulate air at en- 
thalpy levels of up to 10,000 Btu/Ib. 
The arc jet is powered by two 40-kw dc 
rectifier power supplies which have 
triple voltage output taps of 80, 160 
and 320v open circuit voltage. A 2,000- 
amp high frequency arc starter is pro- 
vided as part of the arc circuit. 

The gas from the arc jet passes 
through a Mach 3 supersonic nozzle. 
Two nozzles are provided with the facil- 
ity: a conventional nozzle with a circu- 
lar exit plane of 1 in. dia. and a second 
nozzle with a rectangular exit plane 0.5 
in. x 1.75 in. to provide a “slab” flow 
of plasma. 

The test tank has a diameter of 
30 in. and is 36 in, long. It is cooled 
by tubes on the inside surfaces and con- 
tains three rectangular ports, suitable 
for visual measurements and to bring 
instrumentation leads into the vacuum 
test chamber. 
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Regulated Current Source 


Glentronics, Inc., has developed the 
Model 21794 current source with a 
regulation versus temperature of 
+0.0025% total over a 100°C range. 

For the worst-case combination of 
line, load and temperature variations, 
the unit gives absolute current stability 
within +0.005% for 60 days. A typical 
unit of this class includes: input voltage, 
115v ac 10%, 60 cps; output current, 
0.2 to 2.0 ma, adjustable; temperature 
+0.0025% ; temperature range, —30° 
to 71°C; ripple and noise, 0.005% 
maximum. 

Special units are available within 
the nominal current range of 0.1 ma to 
5 amps, rated output power up to 1,000 
watts. Models with dc input power are 
also available. 
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Solid-state Amplifier 


A solid-state photon-coupled ampli- 
fier with no mutual input-output elec- 
trode and which can be used to transfer 
signals from one circuit to another with- 
out electrical contact is available from 
hp associates. 

The optical coupling is accomplished 
by driving a GaAs injection luminescent 
diode and channeling the photon radia- 
tion generated to a silicon phototran- 
sistor. A fiber optic lightpipe is employed 
for transmission efficiency from the 
photoemitter to the photodetector. 

The Model 4301 can provide dc 
coupling with microsecond response 
Over potentials of up to 10,000v. Typi- 
cal electrical characteristics include: sig- 
nal current transfer ratio of 0.1; signal 
current transfer cutoff frequency of 1 x 
10° cps; power dissipation for each de- 
vice of 100 mw at 25°C. Isolation be- 
tween input and output exceeds 10” 
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ohms shunted by less than 10™ farads. 
For larger signal bandwidth applica- 
tions, another photon coupled isolator 
is available. 
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Charge Amplifier 


Astrodata, Inc., is marketing a 
charge amplifier with an input resistance 
of at least 10,000 megohms and a fre- 
quency response approaching dc to 150 
ke. 

The Model 126-101 has full-scale 
input ranges in decade steps from 1 to 
10,000 psi, g or Ibs. The adjustable gage- 


factor control has ranges of 1 to 11 or 
10 to 110 picocoulombs per psi, g or Ib. 
Total full-scale range is from 10 to 
110,000 picocoulombs. 

The device features two modes of 
operation. In the “operate” mode, fre- 
quency response is within 3 db from 0.3 
cps to 150 kc. DC offset drift is less than 
0.1% full scale. In the “static calibrate” 
mode, frequency response is extended 
nearly to de. Dynamic calibration at 
50% full scale (100-cps square wave) 
can be performed. 

The unit measures 14.8 x 5.7 x 1.4 
in. 
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Heat exchanger exhaust 
duct bellows. Manufac- 
tured from Hastelloy ‘‘C’’ 


to withstand high temper- 
atures. 30” 1.D. 


Stainless steel cryogenic 
lines. Flexible; to resist 
both high bending and 
twisting forces, 


Inco 718 bellows assembly 
with Inco 718 extensions. 
This 9" diameter assem- 
bly is proof tested at 3000 
psig. 


Stainless steel bellows 
assembly with A286 stain- 
less link joint. The restric- 
tor links permit controlled 
angulation of the planes 
of the ends in this 93,” 
bellows assembly. 


Jet engine fuel supply line. 
Thin wall tubing combined 
with braided flex-sections. 
Stainless for corrosion re- 
sistance and light weight. 


When unusual problems in ducting and bellows require 
unusual answers, consider the experience of DK Manu- 
facturing Company in helping solve unusual problems. 
You will find many good reasons, evidenced by some of 
the unusual products shown above, to give us an oppor- 
tunity to work for you. You will find the unusual 
becomes the usual faster at DK. Write or call for 


information. 


- ABROSPACE DIVISION 
* DE MANUFACTURING COMPANY 


*” 
He J 


100 North Island Ave., Batavia, Dlinois 
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HUNTSVILLE 


has growpower 


You’re not only right in the center of 
space in Huntsville, you’re also right in 
the center of a year-round resort area. 
Fishing season never closes at the giant 
TVA takes. Or perhaps you prefer to ski 

. . or practice the fine art of sailing. 
Monte Sano State Park offers vacation 
cabins, riding, scenic picnic spots. There 
are a number of excellent golf courses. 
Deer, quail, dove and squirrel abound in 
the nearby woods, and millions of ducks 
and geese migrate through the area each 
year. To top it off—good outdoor weather 
—every month. 


New information kit, free for writing: 


GUY 8. NERREN, EXECUTIVE DIRECTOR 


HUNTSVILLE 


INDUSTRIAL EXPANSION COMMITTEE 
P.O. BOX 408 e HUNTSVILLE, ALABAMA e 205-539-0441 
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Charge Amplifier 


An electrostatic charge amplifier 
with a frequency response from near-de 
to 100,000 cps has been developed by 
Kistler Instrument Corp. 

The solid-state Model 504 has tran- 
sistorized circuitry, featuring an insu- 
lated gate field effect transistor in the 
input stage. 
overloads of either polarity is said to be 
instantaneous. 

Sensitivity is lv per g, lb. or psi and 
input variables can be measured over a 
range of 0.1 to 50,000. A three-position 
time constant switch permits static cali- 
bration of quartz transducers and dy- 
Namic operation of either quartz or 
ceramic transducer. It may be operated 
in a 30° to 150°F temperature’ environ- 
ment. 
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Piezoelectric Accelerometer 


Consolidated Electrodynamics Corp. 
has introduced a piezoelectric acceler- 
ometer with a “compliant rod” com- 
pression design which mechanically 
isolates the sensing system from the 
housing. This provides maximum shield- 
ing from the blast of rocket engines and 
thermal transients. 

The Model 4-274 has all-welded 
construction and is said to eliminate 
“breathing in” of moisture when oper- 
ating in severe humidity. When shunted 
with a recommended value of capaci- 
tance (700 picofarads), change in sensi- 
tivity over a —100° to 300°F tempera- 
ture range is typically less than 8%. 
The 70-ke mounted natural frequency 
allows a response of =5% from 2 cps 
to 12 ke. 
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Power Module 


Abbott Transistor Laboratories has 
introduced a series of power modules 
designed for 60-cycle power. At 120- 
watts output, the V12/HA12 series pro- 
vides any required voltage from 5 to 
3,650v de. 

Forty-watt models in this group can 
supply output voltages to 10,400v de. 
The modules are hermetically sealed 
and encapsulated to meet MIL-E-5272C 
specifications. Operating temperature 
range is —4° to 160°F. The units fea- 
ture isolation of outputs and inputs and 
an adjustment range of 12% from nomi- 
nal output voltage. Regulation is 0.2% 
for line variations of 105 to 124v ac; 
ripple is less than 0.2% RMS. 
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Photodiode Laser Detectors 


A line of laser detectors has been 
announced by ITT Industrial Labora- 
tories. The phototubes are high-vacuum 
photoemissive devices of biplanar geom- 


Recovery from extreme. 
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etry with coaxial anode output construc- 
tion. 

The coaxial geometry permits di- 
rect coupling of the tube to a 50-ohm 
coaxial transmission line and allows out- 
put current pulses to be transmitted 
undistorted over relatively long dis- 
tances, the company maintains. 

The series includes tube sizes of 1.25, 
2.25 and 5 in., respectively designated 
F4018, F4000 and F4015. All tubes 
have opaque photocathodes with an S-1 
spectral response. 
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Tape Memory System 


A tape memory system combining 
four integral transports and shared elec- 
tronics in a single self-contained unit is 
available from Ampex Corp. 

The TM-7212 system measures 54 x 
56 x 32 in. It contains four TM-7 tape 
transports, shared read/write electronics 


and a logic control unit. The system is 
designed to read, write and check digital 
data in IBM computers for mats on 
magnetic tape. Packing densities are 
200, 556 and 800 bits/in. 
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Instrumentation Cable 


Gulton Industries, Inc., has intro- 
duced a shielded four-conductor instru- 
mentation cable, said to substantially re- 
duce “cross-talk” between the excitation 
voltage and output signals of strain 
gauges and other bridge circuit devices. 

The reduction in coupling is pro- 
vided by two pairs of twisted leads and 
an overall shield. Designated C30-C4- | 
Ht, the cable is jacketed with silicon | 
rubber or a variety of plastics. It oper- | 
ates over a temperature range of —75° 
to 500°F; capacitance is 40 pf/ft. maxi- 
mum between conductors of the same_ 
pair. Capacitance to ground its 50 pf/ft. 
maximum for each conductor with all 
others connected to ground. 
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Counter-Timer 


A solid-state universal counter-timer 
with all-silicon circuitry has been an- 
nounced by Computer Measurements 
Co. 

The Models 604 and 605 offer a 
range of 0 to 2.5 me for measuring fre- 
quency and period. For measurement of 
frequency ratio, both “A” and “B” chan- 
nels offer 0 to 2.5 mc ranges. Time inter- 
val measurement (Time A — B) range 
is 10 ms to 10° seconds; range for time 
interval measurement with external 


gan C  . 100 cps to 2.5 mc 
ee A > B Time A > B= 04 ms. 


The instruments provide a total count of 
electrical events (totalize) at a maxi- 
mum counting rate of 2.5 mc. 

CMC offers an option of temperature 
performance of from —30° to 75°C. 
Standard guaranteed normal operating 
temperature range is from —20° to 
65°C. Input sensitivity is 0.lv. Select- 
able attenuation factors are 1/10/100. 
Crystal stability is +2 parts in 10° per 
week with an optional oven available for 
increased temperature stability. 
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Instrumentation Amplifier 


Systems Engineering Laboratories, 
Inc., is marketing the Model 9016 wide- 
band dc instrumentation amplifier. Noise 
referred to input is 5 mv peak-to-peak 
at 10-kc bandwidth and 1 mv peak-to- 
peak referred to output. 


The unit has a full scale of +5v out- | 


put with inputs of +5, 10, 20, 50 and 
100 mv full-scale. Frequency response 


is 3 db, +1 db at 10 kc, 24 db/octave, | 


5-pole linear phase. Gain stability is 
0.007% /°C. Common mode rejection 
is 180 db at de and 120 db at 60 cps 
with 1,000 ohms unbalance. Offset ad- 
justment for offsetting input up to 10% 
of full scale is included. 
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Laser Glass 


A laser glass based on ytterbium 
doping has been developed by Eastman 
Kodak Co. 

The glass has a fluorescence time 
constant of 1,200 mc for output in the 


multi-megawatt range through Q-switch | 


Operation. The ytterbium emission wave- 
length is 1.02 microns, compared to the 
1.06-micron emission of neodymium, 
used in Kodak’s original laser glass. 
The glass has a borax matrix and 
Beodak engineers believe beam diver- 
gence can be kept under 2 milliradians 
when used in well designed cavities. 
Typical threshold for a 6 x 0.25-in. rod 
of the ytterbium doping is quoted at 250 
joules. Laser actions occurs below 
200°K. 
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BAY UUeWEa 


YOU DON’T LISTEN TO THIS AT HOME. 


60 | WHY COMPROMISE 


YESTERDAY'S RECEIYERS 


FOR 


SURVEILLANCE & TELEMETRY... 


TR-104 Telemetry Receiving System 


... when the all-modular, all-solid-state VHF/UHF receivers from Astro Communication 
Laboratory have made them obsolete? 

[J ACL equipments are designed around special Receiver Building Block modules which 
are electrically and mechanically compatible and are mounted on printed circuit boards 
(except for RF sections). Combined in a 50-ohm system, these modules deliver superior 
performance in a package of compact dimensions and unvarying dependability—even 
under rugged service conditions aboard vans, ships and aircraft. 

[J To see this ACL modular concept in action, consider first the SR-209 Surveillance 
Receiving System. Only 3%” high, it provides AM, FM, CW, and Pulse reception from 30 to 
2000 mc with 5 plug-in tuning heads... offering 9 IF channels with matching FM and AM 
demodulators, a plug-in signal display unit, and a plug-in, rechargeable, nickel-cadmium 
battery pack. Battery-powered, the SR-209 becomes completely self-sufficient. 

(1 Or take another member of the family—the TR-104 Telemetry Receiving System. This 
one receives all standard IRIG signal formats in the 55-2300 mc range with 8 plug-in RF 
heads. Ten IF bandwidths are available (10 kc to 3.3 mc) and 4 IF bandwidth amplifiers and 
matching demodulators may be installed at one time, switchable from the front panel. Just 
5%” high, the unit requires a maximum of 35 watts and may be battery-operated in the field. 
1 Noise figures, IF and image rejection, sensitivity, stability and all other specs for these 
receivers are as impressive as their wide range of features. 

OJ Ask us about the entire family of ACL modular, solid state receivers—tomorrow's 
equipment available today from Astro Communication Laboratory. 


ASTRO COMMUNICATION LABORATORY 
DIVISION OF KELTEC INDUSTRIES 


801 GAITHER ROAD, GAITHERSBURG, MARYLAND 
PHONE 301-948-5210 » TWX 703-354-0334, WU TELEX 089-435 


“RF Equipment for the Systems Engineer” 
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CONTROL 


OF COMPLETE SYSTEMS 


CONTROL . 


OF FIREX-PAD 
COOLING AND WASHDOWN 


CONTROL 


OF LIQUID FUELS... 
wtth 


The most versatile valves 
for fluid control of 


ground support equipment. 
SOLENOID 
MANUAL 


CLA-VAL CO. ane 


NEWPORT BEACH, CALIFORNIA EEYEE 
e SALES OFFICES IN PRINCIPAL CITIES e 
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INERTIAL GUIDANCE 


Represents 
one of 
many 
applications 
of 


utocollimat 


to solve 
Alignment 
Problems 
of a highly 
precise 


nature. The KERN DKM2 


When equipped with the new No. 356 Autocollimating Eyepiece, 
this famous one-second theodolite has a total magnification of 23x and 
an operating range from zero to at least 100 feet for autocollimation. 


Write far... 
technical data 


ond 
specificatians. _ er fi The FINEST in SURVEYING EQUIPMENT 


soesenannanaenateonenbisttcasttecnmnetent time ttc iat rcm ehhanesensnenennsaannasnaronnancnaenccrtnnananantsannnnanennansancen 


TERY KERN INSTRUMENTS INC. @ 


111 Bowman Ave., Port Chester, N. Y. 


oe ca sesame svt terunermenrscmsomen tars al 
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Needle Valve 


A line of needle valves featuring a 
micrometer handle that permits exact 
setting of the desired micro-flow rate has 


been introduced by Circle Seal Products 
Co., Inc. 

According to the firm, a guide/seat 
arrangement maintains pin-point seat 
concentricity with the needle at all 
times. Metering is made possible by an 
0.02-in-dia. orifice, which together with 
the micrometer-calibrated handle per- 
mits metering of Cv0.008 full open or 
less than Cv of 0.0003 when barely 
cracked open. 

The MV90 Series valves are Teflon- 
packed below the threads to protect 
against contamination by corrosive | 
fluids. Operating pressure range is 0 to 
3,000 psi. 
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Moving Target Indicator 


A modular moving target indicator 
(MTI) test set has been developed by 
the Surface Div. of Westinghouse De- 
fense and Space Center. 

Designed for use with fixed, tactical 
or shipboard radars, the unit measures 
sub-clutter visibility of a moving target 
indicator at either the radar’s trans- 
mitted or intermediate frequency. The 
set uses interchangeable frequency con- 
verters to monitor frequencies from 
ultra-high through S-band. 

The transistorized test set is com- 
prised of modules for ease of mainte- 
nance and can be removed from its tran- 
sit case for installation at fixed sites or | 
repackaged to fit special requirements. 
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PPM-Focused TWT 


A series of X-band, PPM-focused 
traveling wave tubes is being marketed 
by General Electric Co.’s Tube Dept. 

Noise figures of 8 db are available 
for four narrowband types covering the 
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7 to 10-ge frequency range. Three broad- 
band versions offer power output greater 
than 10 mw over the 7 to 11-gc range 
and exceeding 5 mw over the 8 to 12-gc 
range. Small signal gain is greater than 
30 db over the entire band. 

The metal and ceramic tubes weigh 
5.5 lbs., measure 10.7 in. and can be 
mounted in any position. The tubes have 
been tested to withstand shock of 30 g’s 
for 11 ms and 15-g vibration to 2,000 
cps. Other tests have confirmed success- 
ful operation at 100,000 ft. altitude and 
at an ambient temperature range from 
—60° to 92°C, GE said. 
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Coaxial Isolators 


Two high ratio coaxial isolators are 
being marketed by E&M Laboratories. 

The Model LS10JI covers the fre- 
quency range of 1.7 to 2.4 gc with 60 
db minimum isolation. Insertion loss is 
1.0 db maximum; maximum VSWR is 
1.20. 

The Model C35JI operates in the 
5.4 to 5.9-gc range with 60-db minimum 
isolation. Insertion loss is 0.8 db maxi- 
mum; VSWR is 1.20 maximum. 
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Oscilloscope Camera 


The Model C-27 oscilloscope cam- 
era with lift-on mounting and swing- 
away hinging has been announced by 
Tektronix, Inc. 

The back rotates for vertical or hori- 
zontal positioning and slides into nine 


“Sey 


Ee a 


detent positions for multiple-exposure 
photography. An f/1.9, 1:0.85 lens is 
supplied with the unit. Available acces- 
sories include a 35-mm attachment with 
“automatic advance, which allows unin- 
terrupted rapid-sequence exposures of 
up to 4 per second, and a shutter actu- 
ator permitting electrically-triggered ex- 
| posures. 
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Directional Coupler 


A series of precision waveguide di- 
rectional couplers with a =£0.2-db cou- 
pling characteristic is available from 
Waveline, Inc. 

Fifteen standard versions provide 
coupling values of 10, 20 or 30 db over 
a frequency range of 3.95 to 18.0 ge. 
Specifications include: average coupling, 
standard +0.3 db; coupling sensitivity, 
0.2 db maximum; minimum directiv- 
ity, 40 db; main line VSWR, 1.10 maxi- 
mum; secondary line VSWR, 1.20 maxi- 
mum. 
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Helium Dewars 


A group of helium research dewars, 
designed with rotatable windows on the 
bottom, has been announced by Hof- 
man Laboratories. 

Applicable for optical maser re- 
search, low-temperature observation and 
fluorescence measurement, the Model 
HLRB is designed with an intercon- 
nected, super-insulated vacuum of 10° 
mm Hg for nitrogen and helium reser- 
voirs. Side pump-out tubes are supplied 
on the helium reservoir for attachment 
to recovery systems or for experiments 
down to 1.2° K. The nitrogen reservoir 
acts as an insulating medium for liquid 
helium; minimum heat leak is assured 
by a helium mass spectrometer leak tcst 
of less than 10° micron cubic feet per 
hour. 

The outer bottom of the dewar may 
be rotated 360 degrees relative to the 
sample holder while under full vacuum. 
Six models are available, in helium ca- 
pacities from 1.5 to 4 liters and with 2 
to 4 windows. 
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Chart Recorder 


Nelco Instruments Div. of Data- 
pulse, Inc., has developed a 10-mv, 5-in. 
chart recorder with 0.5-sec. response 
time. 

The Model JY100A has 0.5% accu- 
racy with dual chart drive and capillary 
pen. Zero location may be positioned, 
by panel control, any place on chart or 
up to +25% off-scale. Sensitivity is 
0.25% full span. Units are provided 
with floating input with separate chassis 
ground. Measurements may be made at 
levels up to 150v off ground. 

Customers may select a single- or 
dual-speed unit with choice of one or 
two of 16 chart speeds. Mercury cell 
and zener reference systems, special 
power, reversed polarity, event markers 
and special indicating scales are avail- 
able. Dimensions are 9 x 6.25 x 11 in. 
(rack-mounted, 12.25 x 19 in.). 
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YOUR OWN 


PEACEFUL TROPICAL ISLAND 
PARADISE ON GRAND BAHAMA! 


Just 50 miles (80.5 km) across 
the Gulfstream from Palm Beach, 
Florida, lies beautiful tropical 
GRAND BAHAMA ISLAND. 


Become part of the social and 
community life in the fastest 
growing island in the Bahamas. 
Grand Bahama has three 500-room 
hotels and more building...luxury 
apartment blocks ...churches, 
schools, stores, businesses...med- 
ical, dental and hospital facilities 
... two. championship golf courses 
...casino...cinemas...marinas... 
world-famous fishing and skin div- 
ing...and booming industrial Free- 
port. Over 20 scheduled flights 
daily from Florida, plus steamer 
service. Adjacent to all this growth 
on Grand Bahama Island, we are 
offering a limited number of 
choice homesites. 


Choose yours now! 


HOMESITES: *From $75 down — 
$75 on closing (within 90 days) 
balance from $15 monthly on 
mortgage note. 
*Will accept any currency at 
its official bank conversion rate 

e NO LANO TAXES « NO BAHAMAS 
INHERITANCE TAXES ¢ NO RESTRIC- 
TIONS ON PERMANENT RESIOENCE 
ON YOUR OWN LANO e NO CLOSING 
COSTS « FREE OEEO « FREE TITLE 
INSURANCE e 


AIR MAIL COUPON NOW! 
x. Ce en en ee ee ee ee 
SUNSHINE REALTY 


777 Metropolitan Miami Building | 
nl Dept. MR-1 , Miami, Fla 33132 H 

PLEASE SEND FULL INFORMATION 
a a 
val Nam | 
BB Address | 
wi City. ~ 
B Stat Zip Code. 7] 


6 ee ee om min OM 
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Meletron Pressure 
Actuated Switches 


Over 100 Basic Models: Vacuum, Differential, Gage, Absolute. 
For All Types of Media: Industrial, Aerospace, Airborne, Ground 
Support Equipment. Typical Features: Single Setting ® Dual Setting 
™ Manual Reset ™ Housed and Stripped ® Rugged Construction 
® Explosion Proof ™ Vacuum and Gage Types ® Pressure-difference 
ies See Actuation Valve ™ Externally Adjustable 
alibrate 4 


L-approved MELEMATIC® SPDT snap-action Le DST) an Models 


BOURDON TUBE 
Model 312 


DIAPHRAGM SERIES PISTON SWITCH 
Model 420E Model 1302 
To 12,000 psi. Trouble- To 1,000 psi. Low Cost. To 20,000 psi. Cycle life 
free performance. Dependable. . in millions, Vibration free. 
Write for free engineering manual lz liz ®: ind peepee PERCE 
and catalog of over 100 different models | === 


Representation in all major industrial centers 


MELETHON LORlPORMATION 
944 North Orange Orive/Los Angeles, California 90038/(213) 463.4841 
“Pressure switches are our only business" 
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FOR SALE 


reer 


A complete source of American made 
synthetic High Purity Fused Silica, 


VTHATY 


is capable of meeting the most critical 
requirements of Military, Aerospace, 
Industrial, or Scientific Applications, 


+YET+ 
is so completely Non-Discoloring, 


it doesn’t give a “ROENTGEN” about 
SOLARACTIVITY 


MO 


is readily available to the Optical Industry 
in ground and edged, Rectangles and Discs. 


SE 


‘LD: DYNASIL CORPORATION 
of AMERICA 
POST OFFICE BOX D / BERLIN, NEW JERSEY 


A@HOP> 
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—hames in the news 


wy 


NIMITZ HILL WALDSCHMITT 
Chester W. Nimitz, Jr.: Elected president and chief executive 
officer of the Perkin-Elmer Corp., Norwalk, Conn. He will suc- 


ceed Robert E. Lewis on Jan. 1. 


Marion E. Hines: Elected vice president of Microwave Asso- 
ciates, Inc., Burlington, Mass. He will continue as director of 
special products research. 


Frederick J. Anderson: Appointed manager of the Minuteman 
program for Sylvania Electronic Systems, a division of Sylvania 
Electric Products Inc. He will direct all phases of Minuteman 
work Sylvania is performing for the Air Force. 


Louis A. deRosa: Appointed technical director of the U.S. 
Defense and Space Group of International Telephone & Telegraph 
Corp., New York City. He will also represent ITT in all tech- | 
nical activities in the company’s work with various U.S. govern- 
ment agencies. 


John J. Coleman: Joined Planning Research Corp., Los 
Angeles, as senior associate in the firm’s Systems Engineering 
Division. He will plan, design and evaluate aerospace and indus- 
trial systems. 


Clarence S. Small: Promoted to production manager for the | 
advanced programs division of the G. T. Schjeldahl Co., North § 
eld, Minn. Among the programs he will be responsible for are | 
active thin film, passive thin film, balloons, missile hardware and ] 
communications satellites. 


Cory L. Gray and Robert K. Otes: Recently joined Meas- 
urement Analysis Corp., Los Angeles. 


Cyrus R. McAllister: Promoted to research director in the | 
Western Operations Office of Booz, Allen Applied Research Inc., | 
Los Angeles. He will direct projects in areas of applied mathemat- 
ics and systems effectiveness. 


eremed electronics depariaient of Union Carbide Corporation's 
Linde Division, New York City. | 
! 
Dewey Childs: Named test supervisor for the SA-9 Saturn I} 
test flight now expected to take place early next year at Kennedy 
Space Center in Florida. Other appointments made by KSC for] 
the SA-9 shot include John Twigg, launch vehicle test conductor; | 
C. F. Henschel, assistant test conductor for the launch vehicle 
and the S-IV stage engineer; N. M. Carlson, assistant (trainee) 
S-I stage engineer; M. J. Peacock of Chrysler, S-I operations en-|f/ 
gineer; John Churchwell of Douglas, S-IV stage engineer with 
W. D. Guest as his assistant, and F. G. Bryan, stage engineer for 
the Pegasus micrometeoroid satellite. 


Morris Barnhart: Has gone to Paris to open a technical and| 
sales support office of Telemetrics, Inc., Santa Ana, Calif. He is 
assistant chief engineer for the company. } 


William MacCrehan, Jr.: Appointed manager of quality andi} 
reliability of the molecular electronics division of Westinghouse} 
Electric Corp., Pittsburgh. 
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SMALL COLEMAN WILLS 


John JY. Guerrera and William J. Moreland: Joined 
WESCON’s eight man volunteer board of directors. Guerrera 
is president of Guide Manufacturing Co., North Hollywood, 
Calif.; Moreland is general manager of the Conrac Division 
of Giannini Controls. 


Conrad J. Rauch: Promoted to vice president and general 
manager of Cryonetics Corp., Burlington, Mass. He will be re- 
sponsible also for the management of the solid state department. 


David A. Hill: Joined the Vitro West Orange Laboratory as 
chief physicist, Vitro Corporation of America. He was formerly 
with the Massachusetts Institute of Technology, Laboratory for 
Nuclear Sciences. 


Mervin Stern: Appointed president of the Aerospace Systems 
Division of General Precision Aerospace Group, Little Falls, 
N.J. He was formerly deputy director of Defense Research and 
Engineering in the Department of Defense. Also named to new 
positions were Herman R. Shuart, vice president-aerospace 
group; and Joseph B. Heimann, president-Kearfott Division. 


Three key staff members have joined the Office of Science 
and Technology in the Executive Office of the President. Dr. 
Charles V. Kidd has been named Executive Secretary of the Fed- 
eral Council for Science and Technology. William T. Knox has 
assumed responsibility for stimulating development of more ef- 
fective scientific and technical information systems. Ray K. Lins- 
ley, Jr., will be responsible for OST’s activities in water resources 
research. 


Joseph A. Waldschmitt: Elected a corporate vice president 
of Northrop Corporation, Beverly Hills, Calif. He is also presi- 
dent of Page Communications, a wholly-owned subsidiary. 


Eugene Miller: Assigned to the dual post of assistant technical 
director and director of advanced design at Lockheed Propulsion 


Co., Redlands, Calif. 
| J. L. Atwood: Elected Chairman of the Board of Governors 
of the Aerospace Industries Association. Succeeding Donald W. 
Douglas, Jr., he is also board chairman and president of North 


American Aviation, Inc. 


Ernest Greenwood: Appointed executive vice president of the 
Norden division of United Aircraft Corp., Norwalk, Conn. 
He has been divisional vice president-operations since 1962. 
Also named was William Scott, formerly of General Electric 
'Co., as operations manager. 


Charles P. Morrow: Appointed a field engineering representa- 
tive of the Western Regional Office, Consolidated Systems Corp., 
Albuquerque, N.M. 


Frederick J. Wills, Jr.: Promoted to operation manager of 
Raytheon Company’s Semiconductor Operation, Mountain View, 
Calif. He succeeds Clyde R. Rockwood, who resigned. 


Herbert R. Montague: Named manager of the electronic 
gaging department of Schaevitz Engineering, Pennsauken, N.J. 
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NEW FROM GENERAL ELECTRIC 


Type 151 fused 
silica for superior 
optical performance 


General Electric’s Type 151 fused silica is a high-purity 
optical material with exceptional homogeneity. It is 
ideally suited for laser, spectrometer and window ap- 
plications requiring high transmission and minimum 
distortion. Its outstanding properties include: 

e Highest transmission in ultraviolet 

e Resistance to darkening from exposure to gamma 

radiation 

e Exceptional homogeneity for Schlieren applications 
e Absence of bubbles and inclusions 


e Annealed to less than 10 millimicron/cm path differ- 
ence 


For highest infra-red transmission ask us about 
Types 105 and 106 fused quartz. 


Contact General Electric for all your fused quartz re- 
quirements. Tubing, rod, fabricated shapes and a full 
line of optical grades engineered to meet your needs 
most economically. Lamp Glass Dept., General Electric 
Co., Nela Park, Ohio 44112. 


G-E DISTRICT SALES OFFICES 


Midwestern 
Euclid Ave. & Campbell Rd. 
Willoughby, Ohio 
Area Code 216 266-4001 


Eastern 
133 Boyd Street 
Newark, New Jersey 
Area Code 201 824-1293 


Canada 
165 Dufferin Street 
Toronto, Ontario, Canada 
Tel: 532-4421 


Progress ls Our Most Important Product 


GENERAL @@) ELECTRIC 
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New England 
50 Industrial Place 
Newton Upper Falls 64, Mass. 
Area Code 617 332-6200 


Western 
2747 South Malt Avenue 
Los Angeles 22, California 
Area Code 213 723-2541 


AC-THE 
MOTORS 


erecta Brother G Co. 


Bese DIV.—GENERAL 


eee’ TRONICS: ACF INDUSTRIES, 


AOC ORAS Ho a4 bHoC-sg06 31 
Agency—Ketchum, MacLeod G Grove, 
Inc. 
AEROFLEX LABORATORIES INC. ........ 192 
Agency—Groody Adv. Agency, Inc. 
AEROQUIP CORP., MARMAN DIV ...... 17S 


Agency—Zimmer, Keller G Calvert, Inc. 


AEROSPACE DIV., REINFORCED PLASTICS 
DEPT., RAYBESTOS-MANHATTAN, INC... 72 


Agency—Gray & Rogers, Inc. 


AIRCRAFT POROUS MEDIA, INC. 
Agency—Lescarboura Adv., Inc. 


Advertisers’ Index 


Parone 6 ice 114, 115 
G Co. 


BEECH AIRCRAFT CORP. 
Agency—Bruce B. Brewer 


BELL AEROSYSTEMS CO., A TEXTRON CO., 


DIV. OF BELL AEROSPACE CORP. .... 26, 27 

Agency—Comstock G&G Co. 

BENSON-LEHNER CO., THE ...... anine 2S 
Agency—Leonard Daniels Adv 

BERYLLIUM CORP., THE ..... nore 104 
Agency—Harris D. McKinney, Inc. 

BOEING CO!, THE «.......520..0smpeee 6,7 
Agency—Campbell-Ewald Co. 

BROWN G ROOT, INC. ................ 67 
Agency—Glenn Adv., !nc. 

CANOGA ELECTRONICS CORP. ........ 3 


Agency—Jordan Farrell Adv. G Market- 


AIRESEARCH MFG. CO., THE GARRETT ing Services 
GORP 9 iia ostencnc.ccn ictus 12 
Agency—J. Walter Thompson Co. C. L. CARTER, JR. AND ASSOCIATES .. . 216 
—Nationwi 5 
ALLIS-CHALMERS ............ 0.0000: 50, 51 a ara 
Percy Malay anita te eae CATERPILLAR TRACTOR CO., INDUSTRIAL 
‘ DIV., DEFENSE PRODUCTS ............ 103 
ALUMINUM COMPANY OF AMERICA .. 90, 91 Agency—N. W. Ayer & Son, Inc. 
Agency—Fuller G Smith G Ross Inc 
CHANDLER EVANS CORP. .............. 220 
AMERICAN AIR FILTER CO. ............ 181 Agency—G. F. Sweet G Co., Inc 
fie el mea ID McClaskey, Lemis. 
CHICAGO BRIDGE & IRON CO. ........ 147 
A y— ls G <Gox, Ine: 
AMERICAN MACHINE & FOUNDRY CO., gener teed Welle ae 
AMF ATOMICS DIV. ......... ...... 113 
Nextar, Oh, Metttas.. lnc. CHRYSLER CORP., SPACE DIV. 28, 29 
3 Agency—Bauerlein, Inc. 
AMERICAN ; EReeER CO., SPACE DEFENSE 
DIV.-J. W. FECKER .............. 179, 206 CLARK EQUIPMENT CO., DEVELOPMENT 
eer ae . Smith G Ross Inc. DUS: See eee cence acre 129 
Agency—Marsteller Inc. 
MERLE AR HST. COPP 
CE MEMS) «faunas wor 5 
a CLA-VAL CO. ..... = 93 Car 
Agency—Marsteller Inc. Agency—V. A. Stren ‘Adv. 
ANINIIN COW THE: -<.nceseeects ct area 100 
: fs COMPUTER CONTROL CO., INC. ... 10 
poy We Brooks G Associates, Agency—de Garmo-Boston, Inc. 
ARGUS) OPTICS seein cin =: oeeneeeeeine 128 CONCEPT ING. (eee eee 206 
Agency—Communications Inc. 
CONSOLIDATED ELECTRODYNAMICS 
ASTRODATA, INC. ............ ae Zi” CORP. Lee ee piper Fees 
Agency—Bonfield Associates, Inc. Acne G Jorgensen, Inc. 
ATEN OE Re A A Coren a CONTROL (DATA CORP, eee ... 180 
Agency—Benton G Bowles, Inc AGENCY Bala Pietersom-Dunlap, 
; nc. 
BANK OF THE SOUTHWEST .......... 182 
Agency—Aylin Adv. Agency, Inc. CRAWFORD FITTING CO. ........ J cee 38 
Agency—Falls Adv. Co. 
BASIC CARBON CORP. ................ 34 
Agency—Scheel Adv. Agency, Inc GRYOVAG JING: o.. eee srs ere . . 186 
A —The J H. Maish Co. 
BECKMAN INSTRUMENTS, INC., OFFNER a cca Beka” 
lh SRO SOMO o OOH odin oRooNs 190 
Agency—Erwin Wasey, Ruthrauff G CUBIC CORP. beset eee eee eens . 161 
Ryan, Inc Agency—Phillips-Ramsey, Inc. 


CONFIDENTIAL SEARCH, SELECTION AND PLACEMENT of Professional, 


Executive, Management, 


and Engineering personnel, 


EXCLUSIVELY in 


QUALITY CONTROL/ASSURANCE, RELIABILITY, TRAINING and VALUE 


ENGINEERING professions. 
dividual resumés welcome. 


EMPLOYER REQUIREMENTS and qualified in-. 


C. L. CARTER, JR. & ASSOCIATES 
Braniff Airways Building 


Dallas, Texas 


75235 


QUALITY ASSURANCE, RELIABILITY, TRAINING AND VALUE ENG. CONSULTANTS 


216 


DK MFG. CO., AEROSPACE DIV. ........ 209 
atl meet cette Kirkland, Stabelfeldt, 
nc. 
DEFENSE ELECTRONICS, INC. ....... 139 


Agency—Compton Jones Associates 


alta AIRCRAFT OF CANADA 
1 

Agency—Beedham & Prentice Ltd. 
DORSEY TRAILERS, SPECIAL PRODUCTS 


DIV., SUB. OF THE DORSEY CORP. .... 205 
Agency—Morris Timbes, Inc. 


DOUGLAS AIRCRAFT CO., INC. .. 12, 13, 18S 
Agency—J. Walter Thompson Co. 
DOW CORNING CORP. .............. $4, SS 


Agency—Church G Guisewite Adv., Inc. 


DUMOD CORP., THE <. ses desea 68 
DYNAMICS RESEARCH CORP. .......... 16 
DYNASIL CORP. OF AMERICA ......... 214 
Agency—Herbert A. Bruzel 
DYNA-THERM ‘CORP. Siununiatnesteee 23 
Agency—Joe Martin G& Associates 
FUG M SYSTEMS CO) (22222 eee 79 
Agency—Don L. Baxter, Inc. 
FLOMATICS, ING. ~oojen case eee 178 
Agency—lInk Art Printing 
GENERAL ELECTRIC CO., DECO ..... . 189 
Agency—George R. Nelson, Inc. 
GENERAL ELECTRIC CO.; 
LAMP GEASS DEPT, (2000-0 ee ae 21S 


LAMP METALS & COMPONENTS DEPT. 199 


Agency—Batten, Barton, Durstine & 
Osborn, Inc. 


GENERAL ELECTRODYNAMICS CORP. 
Agency—Glenn Adv., Inc. 


GENERAL INSTRUMENT CORP. 
SEMICONDUCTOR PRODUCTS GROUP .. 116 


Agency—Norman Allen Associates, Inc 


GIANNINI CONTROLS CORP. .......... 32 
Agency—Faust/Day Ady. 

GRAND BAHAMA PROPERTIES, LTD. .... 213 
Agency—Arthur R. Mogge, Inc. 

GRAPHITE PRODUCTS DIV./GREAT LAKES 

CARBON CORP.. .. ......., cca uremia 20 
eee, Parsons G Strohmeier, 
nc, 
GREER AEROSPACE SYSTEMS ........... 19S 


POSTS Martin R= Klitten Co., 
nc. 


GRUMMAN AIRCRAFT ENGINEERING 
CORP. 


Agency—Fuller G Smith G Ross Inc. 


GRUMMAN AIRCRAFT ENGINEERING 
ORB. sss. s2ssca-gis eet anetetag eer eee ae 200 
Agency—Newmark, Posner G Mitchell, 
Inc. 
HAWS DRINKING FAUCET CO ......... 148 


Agency—Pacific Advertising Staff 


HEXGEL” PRODUGITS EN Gia -eeeseene ree 196 
Agency—L, C. Cole Co. Inc. 

HI =SHEAR CORP tage geist ier tester aeistee 80 

HOFMAN LABORATORIES, INC. ........ 188 
Agency—Keyes, Martin G Co. 

HONEV WELLE oc, csscrarscverronvene tare steer $8, $9 


Agency—Aitkin-Kynett Co., Inc. 


missiles and rockets, November 30, 1964:9 


HUGHES AIRCRAFT CO. ................ 187 
Agency—Foote, Cone & Belding 


HUNTSVI pe EEL STEAL EXPANSION 
UAE 0 on SERRE ans 0. or ee 210 


Nine ears & Forney, Inc. 


HY-CAL ENGINEERING CO. ............ 8S 
Agency—Writing and Advertising, Inc. 


INLAND MOTOR Ce A SUB. OF 


KOLLMORGEN CORP. .........------. 166 
Agency—S. cove Myrbeck & Co 
INTERNATIONAL STEEL CO., LINDSAY 
STRUCTURE: DIN eeretserieit ren tiecaan 1: 208 
Agency—Keller-Crescent Co. 
INTERNATIONAL TELEPHONE & 
TELEGRAPH CORP. .............-.+05 139 
ESAS Micali Louis G&G Brorby, 
nc. 
INTERSTATE ELECTRONICS CORP. ...... 146 
Agency—Jones, Maher, Roberts 
JAMES, POND & CLARK, INC. .......... 130 
Agency—Weir Adv., Inc 
JOHNSON “SERVICE CO fo... .e ee. 64 
Agency—Hoffman-York, Inc. 
KAISER ENGINEERS ..............--.... 97 


Agency—L. C. Cole Co. Inc. 


KELTEC INDUSTRIES, ASTRO COMMUNICA- 
TION LABORATORY DIV. ............. 211 


Agency—S. G. Stackig, Inc. 


KERN INSTRUMENTS INC. ............ 212 
Agency—Richmond Adv. Service Inc. 


KISTLER INSTRUMENT CORP. .......... 16S 
Agency—Harold Warner Adv., Inc 


KOLLMORGEN CORP. ...............0005 108 
Agency—Horton, Church & Goff, Inc. 


a SIEGLER, INC., POWER EO UEM ENTS 


ao ee & Hamaker, Inc. 


LING-TEMCO-VOUGHT, INC., 
LING ELECTRONICS DIV. ............. 145 


MacManus, John & Adams, 
nc. 


LOCKHEED MISSILES & SPACE CO. ...... 163 
Agency—Foote, Cone & Belding 


LOCKHEED MISSILES & SPACE CO. ...... 119 
Agency—Hal Stebbins, Inc. 


LOCKHEED PROPULSION CO., DIV. OF 


LOCKHEED AIRCRAFT CORP. .......... 18S 
Agency—Hal Stebbins, Inc. 
MB Fe ea bho TEXTRON 
ELECTRONICS, INC. ...............0.. 169 
patie Mesteles Inc. 
MAGNETIC CONTROLS CO., 

Bm EN Gr DEMS Wigece leu rie teak e a:a-cve-ncasaue 203 
Agency—John Gompper & Associates 
MCDONNELL AIRCRAFT CORP. ........ 219 

Agency—John Patrick Starrs, Inc. 
MECHANICAL SPECIALTIES CO. ........ 194 

Agency—Getz & Sandborg, Inc. 
DELETRONICORP, ete ce ey eee 214 


Agency—M. R. Crossman Co. 


MELPAR, INC., p SUE: OF WESTINGHOUSE 
AIR BRAKE’ CO. 


fy ent & Dobrow, Inc. 


missiles and rockets, November 30, 1964 


CNN ici LL | Fg a Re 18, 19 
Agency—Jones, Maher, Roberts 


MINNESOTA MINING & MFG. CO., 
MAGNETIC PRODUCTS DIV. .......... 63 


Agency—MacManus, John & Adams, {nc. 


MOELLER MFG. CO. .........-.......0. 30 
Agency—Gordon Marks & Co, Inc. 


MOTOROLA, INC 
MILITARY ELECTRONICS . 123, 128 


Agency—Charles Bowes Adv., Inc. 


NORTH AMERICAN AVIATION, INC. .... 86 
Agency—Batten, Barton, Durstine & 
Osborn, Inc. 
OPTICS FOR INDUSTRY ................ 217 


PAN AMERICAN WORLD AIRWAYS, INC., 
GUIDED MISSILES RANGE DIV. ........ 14 


Agency—Deutsch & Shea, Inc. 


as PRODUCTS DIV., BORG-WARNER 


Fe D.Ck0 OO oRDROSDECRD EEC eC YY Grech Sabet RCeCaCic A 


Agency—Penn & Hamaker, Inc. 


REEVES INSTRUMENT CO. .............. 143 
Agency—Duncan-Brooks, Inc. 


SANGAMO ELECTRIC CO. .............. 131 
Agency—Winius-Brandon Co. 


SCIENTIFIC-ATLANTA, INC.............. 176 
Agency—Bohm-King Associates 


SPACE ORDNANCE SYSTEMS, INC. ...... 180 
Agency—Lynn-Western, Inc. 


SPACE TECHNOLOGY LABS., A SUB. OF 
THOMPSON RAMO WOOLDRIDGE 
ee ee a acento ne MIRINOPT ici too 24, 141 


Agency—fuller & Smith & Ross Inc. 


SPERRY lik a4 eon DIV. OF THE 


SPERRY RAND CORP. ................ 149 
pee eee ee ‘& Gor ne. 
TABER INSTRUMENT CORP, ............ 193 

Agency—Harold Warner Adv., Inc. 
TERTRONIX, UNG) (ota scs cece es che 74, 75 


Agency Hugh Dwight Adv., Inc. 


TEXAS ee ta Me INC., SCIENCE 
SERVICES. DIV MiG ics ec aalinte ws 2 


ema Adv. 


H. |. THOMPSON FIBER GLASS CO. ...... 197 
Agency—Getz & Sandborg, Inc. 


TRANS WORLD AIRLINES, INC. ......... 24 
Agency—Peter Johnson Associates 


UNITED AIRCRAFT CORP., CORPORATE 
SYSTEMS CENTER MG cere cn 164 


Agency—B. E. Burrell G Assoc., Inc. 


UNITED TECHNOLOGY CENTER, DIV. OF 
UNITED AIRCRAFT CORP. ............ 170 


Agency—Cunningham & Walsh Inc. 


UNIVAC, DIV. OF THE SPERRY RAND 
CORP. 


Agency—Daniel. G Charles, Inc. 


VERNITRON CORP. ............2.002006 191 
Agency—Harold Marshall Adv. Co., Inc. 


VICKERS, cae A DIV. OF THE SPERRY 
RAND, CORP. ...9M0/4.c.ceereES.. 


hare & Kilgore, Inc. 


VICKERS, INC., ELECTRIC PRODUCTS DIV., 
A DIV. OF THE SPERRY RAND CORP. .. 187 


Agency—John M. Simmons Assoc. 


WYLE LABORATORIES ...............005 W7 
Agency—Norman Rose & Associates 


gence 
OR 
naustet 


MISSILE & SPACE 
OPTICS 


® Precision Windows 

© Schlieren Windows 

¢ MIL G 1366D Photo- 
Windows 

¢ Porro Prisms 

e Mirrors For IMU 


Extreme Flatness, Tolerances Better 
Than One Second. Quartz, Fused 
Silica, Wycor, Glass. MIL Spec 
Certified. 


OPTICS FOR INDUSTRY 


Milwaukee 12, Wisconsin 
Phone: 414 562 1600 


Circle No. 97 on Subscriber Service Card 


M/R BUSINESS OFFICES 


Washington, D.C. 20005—1001 Vermont Ave- 
nue, NW; (202)783-5400 
A. C. Boughton, National Sales Manager 
Kenneth C. Blanchard, Director of Research 
and Marketing 


New York, N.Y. 10017—20 East 46 Street; 
(212)986-3900 
Paul B. Kinney, Eastern Advertising Man- 
ager 
Paul N. Anderson 


Beverly Hills, Colif. 90210—9301 Wilshire 
8lvd.; (213)272-9827 or 274-8791 
Edwin J. Denker, Jr., Western Advertising 

Manager 
Ronald L. Rose 


New England: 15 Holf Mile Common, West- 
port, Conn. 06880; (203)227-6867 
Gerry Mullin 


Boston, Mass. 02116—755 8oylston Street, 
Suite 306; (617)266-4455 
Gerry Mullin 


Detroit, Mich. 
Road, Oak Park, Mich.; 
Michael Rouff 


Chicago, III. 60601—1 East Wacker Drive, 
Room 1522; (312)321-1444 
Chorles E. Durham, Jr. 


Miami, Fla. 33022—P.0. 80x 890, Holly- 
wood, Fla.; (305)947-6072 
R. P. Caldiero 


London, W.1., England—44 Conduit Street; 
REgent 4714 
American Magazine Group 


48237—21990 Greenfield 
(313)547-8880 


Geneva, Switzerland—10 Rue Grenus; 


Genevo 321044 
Paris, France—11 Rue Condorcet; TRU 15-39 


217 


\s 


218 


editorial... 


The Next Steps 


HE ADMINISTRATION now is confronted by 

budgetary decisions on the many and expensive 
projects which will make up the U.S. space program 
after the initial manned lunar landing. 

These decisions are as important in their own 
right as the initial one to go ahead with Project 
Apollo. 

The fact that these options are arising at this time 
does not mean that we can regard the lunar landing 
as accomplished. But it does mean that wise action 
concerning the forthcoming budget will avert the situ- 
ation that existed when Project Mercury was under- 
taken without prompt consideration of what the 
follow-on program should be. 

We are reaping the fruits of that administrative 
failure in a lag of nearly two years between the last 
one-man Mecury flight and the first two-man Gemini 
flight. 

To prevent a recurrence, the Administration must 
now begin to fund some of the programs which will 
follow the A pollo landing. The long leadtime of major 
space projects and the necessity of careful program 
definition in unknown areas make this a must. 

This will require an educated appraisal of the 
Fiscal Year 1966 National Aeronautics and Space 
Administration budget by the President, the Bureau 
of Budget and the Congress. 

NASA is seeking a budget for FY ‘66 of $5.5 to 
5.6 billion. This is intended to carry A pollo through a 
critical year as well as initiate work on projects to 
follow. 

Before examining some of the alternatives for the 
post-lunar landing period, the situation regarding 
Apollo itself deserves special consideration. Manned 
Gemini flights are to begin during calendar 1965, 
while Apollo hardware is entering a crucial test phase. 
The program thus is moving into a period when it 
undoubtedly will encounter some as yet unforeseen 
problems. 

The dilemma for project officials and for NASA 
Administrator James Webb is how to convince the 
Administration that funds are needed to solve these 
problems—when by the very nature of the beast they 
cannot say what the problems are. 

It will require a considerable display of wisdom 
at the White House and on the Hill to accept the 
need for funding of something as intangible as this. 
Yet the success of the program may depend upon it. 

To falter at this point in support of Apollo is to 
endanger all that has gone before. Despite some prob- 
lems, the project is moving well and still holds strong 
promise of a lunar landing before the end of the 
decade, together with the possibility of beating the 
Russians to the Moon. 

It is to be hoped that President Johnson, so 
closely identified with the space program from its 
inception, will want to assure that the lunar landing 
takes place during his probable term of office. To 
go down in history as the man holding the nation’s 


highest office when the human race takes its first step 
off the Earth is no mean goal. This is within the grasp 
of Lyndon Johnson. His Administration’s actions in 
regard to the forthcoming NASA budget will be a 
major factor in determining whether the possibility 
of Americans winning those laurels becomes a reality. 

Involved, of course, is considerably more than the 
President’s ego. It is almost impossible to imagine 
today the impact on the world of that first landing 
on the Moon. If it is a Russian achievement, it will 
be a signal to the nations of the world that the Soviet 
Union has passed the United States as the leading 
technological power, with an accompanying political 
effect that will echo down through the centuries. 
There is not much honor in being second horse in a 
two-horse race. 


UT THE SPACE PROGRAM does not end with 

a lunar landing. That is why it is also necessary 
for the Administration to face in its current budget 
meetings the need for decisions on post-A pollo pro- 
grams. 

Of these, the most immediate is that concerning 
the Apollo-X project, which foreshadows the use of 
the basic Apollo capsule in a system for scientific 
exploration in Earth-orbital and lunar-orbital mis- 
sions. NASA has made the decision to move A pollo-X 
into the Program Definition Phase in the coming 
year. Whether the program will also undertake fund- 
ing of long-leadtime hardware items will depend on 
Administration approval of a $5.6-billion budget 
with $50 to $75 million for A pollo-X. A lower budget 
figure could mean a flight delay of as much as a year. 

The Apollo-X schedule as now drawn up calls for 
first flight in late 1968 or early 1969, with flights 
into 1971. The manned spacecraft program then 
would shift to a six to 12-man space station capable 
of staying in orbit for a year or more. Funding for 
pre-program definition studies of space-station con- 
cepts is being asked in the new budget, with PDP 
and long-leadtime funding anticipated in FY ’67. 

The space agency also is undertaking studies of 
the lunar exploration or lunar basing which would be 
a logical follow-on to the initial landing. It is anxious 
to open the path to a manned Mars landing with an 
unmanned Voyager mission to that planet in 1969. 

Although fulfillment in all of these projects—at 
a total cost of billions of dollars—is many years away, 
it is necessary to provide some funding for them in the 
forthcoming budget if the nation is to have a well- 
based space program in the years ahead. 

The $5.6-billion budget, to continue Apollo on a 
sound basis and to initiate starts on new projects, an- 
ticipates continuation of space funding at least at this 
level for the remainder of the decade. It is an invest- 
ment this nation easily can afford if it has the will to 
win and retain pre-eminence in space. 


William J. Coughlin 
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operation in McDonnell’s Space Center. 
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... and Kodak had the answer. 
What an answer it turned out to be! 


Was it possible, we asked, to produce 
a complete line of magnetic tape that 
would enable every instrumentation 
recorder to deliver its full potential? 


As the leading manufacturer of data 
recorders, CEC wanted to know, We 
were well aware of the existing prob- 
lems, particularly the costly trial and 
error in tape selection. 


We went to Eastman Kodak. The rigid 
requirements of film production, a sim- 
ilar process, had given Kodak excellent 
experience. 


They took it from there, and a few 
months ago (approximately one year 
later) they presented us with a new 
‘first’ for the industry...a complete 
fainily of instrumentation tape that 


We knew what we wanted 


a& 


eliminated all doubt in selecting the 
right tape for the right instrument. 


Then, to make doubly sure there could 
be no error in tape selection, we added 
color-coded packaging and traceability. 
All CEC tapes are color-coded and 
numbered on the shipping case, filing 
box, can—even the tape itself is coded 
and numbered for instant identification. 


As a result, the new CEC Tape has 
extended, even further, CEC's domi- 
nance in total data recording capability. 


It also illustrates why CEC maintains a 
network of 22 sales and service offices 
throughout the nation. To expedite 
application engineering. To familiarize 
customer personnel with new advances 
in instrumentation. To search for more 
efficient and economical ways to “do 
the job.” 
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Send for your 
CEC Magnetic 
Tape Chart 


This wall chart is a must for any- 
one concerned with data recording. 
The applications, descriptions and 
characteristics of the new CEC 
Magnetic Instrumentation Tapes 
are conveniently color-coded into 
four basic categories: S-1 Red for 
standard telemetry recording; SX-1 
Blue for standard extended band- 
width telemetry recording; M-1 
Green for mid-range broadband 
recording; and W-1 Purple for 
wideband pre-detection recording. 
Also included are the model num- 
bers of recorders for which each 
tape is recommended. 

In addition, here are some other 
significant facts you will discover 
about CEC Magnetic Tape: 


e Only CEC tapes come shielded in 
metal containers — packed in card- 
board filing boxes covered with 
protective plastic sleeves. 


e Only CEC tapes assure traceability. 
Shipping cases, filing boxes, cans, 
even the tapes are coded for instant 
identification. 


e Only CEC tapes are protected from 
shipping and storage damage by 
means of a plastic waffle hub, thus 
preventing tape serration and flange 
deformation. 


e@ Only CEC tapes provide a standard 
nomenclature for simplified identi- 
fication and ordering. 


-e Each CEC tape records at the high- 
est applicable resolution and sensi- 
tivity —with the greatest uniformity 
and lowest tape and head wear ob- 
tainable. 


Please write for your MAG- 
NETIC TAPE CHART today while 
sufficient copies are still available. 
Ask for CEC Chart DM-47-X9. 
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High Price of Silence 


To the Editor: 


Reference your editorial, “The High 
Price of Silence,” M/R, Nov. 23. 

To your article I again say “amen.” 
Might I suggest that a very lucrative field 
for the General Accqunting Office could 
be found in Massachusetts, as described 
in December’s Readers Digest and entitled 
“Highway Robbery in Massachusetts.” 


Miles Kracman 
Mishawaka, Ind. 


To the Editor: 


This letter is to commend your Nov. 
23 editorial and suggest that you have 
pointed out only one of many situations 
in which these tactics are utilized. This 
situation probably exists in many Federal 
agencies and, as you indicated, the firms 
and/or individuals lack the moral 
courage to resist the apparently indomita- 
ble force of the Federal government. 

Acceptance of these edicts, right or 
wrong, can be construed as evidence of 
laxity or improper conduct. (This is not 
to say, of course, that in some situations 
these conditions are not found.) One 
could easily be led to believe this results 
from a government manipulating indi- 
vidual lives with the strings of the purse. 


J. W. Brasher 
Pascagoula, Miss. 


Civil Service Guide 


To the Editor: 


On Nov. 5, Mr. Joseph Young, a 
Washington correspondent, reported that 
the President was dissatisfied with many 
top-level Civil Service management em- 
ployees. They were mediocre, he charged, 
and should be replaced by outstanding 
men, now that government salaries were 
practically on a par with those of private 
industry. 

However encouraging this news item 
may appear to some, experienced ob- 
servers are skeptical, and the undersigned 
still recommends the following ten steps 
to anyone aspiring to a top management 
job in Civil Service: 

1. On your application omit any academic 
degrees you may be _  holding—they 
immediately make you suspect to a top- 
level non-degreed supervisor. 

2. During any interview belittle and down- 
grade professionals of any type: ac- 
countants, engineers, economists. Praise 
long government service, especially in an 
office handling paper work. 

3. Once on the job, avoid meaningful 
work. Appear busy, call conferences, call 
meetings, talk loudly and with assurance, 
write incomprehensible English. 

4. To advance, find out who is an avid 
golfer in the echelon above yours. Play 
the same course, meet the follow often, 
admire his game, let him know that you 
are his man. 

5. Promise promotions to those below you, 
especially if they agree to support you 
and heckle your enemies. 


6. Discredit all able and conscientious 
workers. They obviously are of no use to 
you. They are only interested in doing 
a good job. 

7. Smile at secretaries; joke and appear 
attentive. Whatever their age or looks, 
they may be useful someday by “acci- 


dentally” opening sealed reports or mail 


meant for a potential boat-rocker. 
8. Lose, misplace or “edit” unfavorable 
reports from subordinates, so that your 
record is kept exemplary. 
9. Promote and assign to training slots 
only people loyal to you, regardless of 
their lack of qualifications. 
10. Now that you have a good organiza- 
tion, run a tight ship. Be ruthless. Soon 
you'll be at the top. 
Henry Albert 
Burbank, Calif. 


ASW Tracker Planes 


To the Editor: 


A copy of your Sept. 21 issue has just 
reached me. May I commend your Special 
Report: Anti-Submarine Warfare as being 
a stimulating and comprehensive study of 
a most interesting subject. 

No doubt someone has called your at- 
tention to the error on page 26 with regard 
to the S-2 Tracker aircraft. Without trying 
to explain how it happened, when the 
S2F1S1, S2F3, and S2F3S aircraft were 
redesignated under the “new” system they 
got out of sequence. What was the S2F3S 
aircraft is actually the latest model and is 
accurately described in your summary as 
the “F” model. Take my word for it, the 
aircraft described is actually the S2E. The 
“F” model refers to the old S2F1S1 air- 
craft. 

I feel relatively qualified on this score 
since, as commanding officer of Air Anti- 
Submarine Squadron Twenty-Eight, I have 
had the pleasure of flying both the “F” 
and the newer “E.” Currently we are de- 
ployed in the Mediterranean on board the 
USS Wasp (CVS-18) and are a part of 
the only air group on the East Coast to 
fly the new “E.” It is a very good aircraft. 


Jack M. Stevens 
Commander, U.S. Navy 


ASTROLOG REPRINTS 


REPRINTS of the latest edi- 
tion of the MISSILES AND ROCK- 
ETS Astrolog, which appeared in 
the Nov. 9 issue, may be ob- 
tained from: 


Research Department 
Missiles and Rockets 
1001 Vermont Avenue, NW 
Washington, D.C. 20005 


Price is 35 cents per copy. 


MINUTEMAN II 
SCORES COMPLETE 
SUCCESS ON 
53000-MILE MAIDEN 
TEST FLIGHT 


IT WAS THE FIRST 
MISSILE FLIGHT WITH 
FULLY-INTEGRATED 
MICROELECTRONICS 


SYSTEMS 


The first flight of the Minuteman II represents a breakthrough in the application of micro- 
electronics to military and space systems. The guidance, control, and checkout systems 
for the Minuteman II were designed, developed, and produced for the U. S. Air Force by 
NAA/Autonetics and its nationwide team of suppliers. 


North American Aviation yA ae Autonetics Division 


a 
The Countdown 


WASHINGTON 
Voyager RFP’s Expected in January 


Requests for proposals for the program definition phase 
of the Voyager spacecraft program now are expected about 
Jan. 1. A meeting between space science officials and NASA 
Associate Administrator Dr. Robert C. Seamans, Jr., will 
be held this week to wrap up details. Two to four firms 
will be selected for first phase, with the prime development 
contractor to be named by spring of 1966. First contract 
probably will cover spacecraft for both the 1971 and 1973 
launch windows. Officials still are hopeful they will be able 
to make a flight test of the spacecraft bus in 1969. 


GAO Undertakes Expense Probe on Its Own 


General Accounting Office has disclosed that its probe 
of industry expense accounts (M/R, Nov. 23, p. 9; Nov. 30, 
p. 20) was undertaken at its own initiative, not at the request 
of a Congressional committee. GAO sources say, however, 
that the investigation was an outgrowth of its probe of con- 
tractor recreation and welfare expenses, undertaken last 
spring for Rep. Porter Hardy’s investigating subcommittee 
of the House Armed Services Committee. 


Brighter Future Seen for AEC Projects 


Atomic Energy Commissioner James T. Ramey says 
chances now are better that AEC projects will be carried 
from research and development through full developmental 
testing. AEC long has been unhappy with the setup under 
which programs such as the Pluto nuclear ramjet have been 
killed before flight testing due to a lack of specific military 
requirements. Ramey says a “useful exchange” of correspond- 
ence between the White House and the Congressional Joint 
Committee on Atomic Energy may change this. 


Big Space Role Seen for Reactors 


Atomic Energy Commission chairman Dr. Glen Seaborg 
told a San Francisco conference last week that nuclear 
reactors will be fully integrated into the U.S. space program 
by 1980 as primary propulsion for post-A pollo space vehicles 
on long manned and unmanned missions to the planets. Un- 
manned scientific missions to Mars, Venus and Mercury with 
nuclear units aboard will be almost commonplace by 1980, 
he predicted. 


TAC Recommendation Due on TMRBM 


Recommendations from Tactical Air Command on the 
Transportable Mid Range Ballistic Missile are due at the 
Pentagon. TAC is expected to give tentative approval to the 
idea, with some modifications and reservations. 


Bisplinghoff Resignation Is Expected 


Dr. Raymond Bisplinghoff is expected to resign his 
NASA position as deputy associate administrator for ad- 
vanced research and technology in the near future. When he 
accepted the position, it was with the understanding he 
would remain for only two years—a tour now near its end. 
His successor is expected to be his current deputy, Dr. A. J. 
Eggers. 


Explorer 25 Still Awaits Turn-on 


Explorer 25, the 90-lb. satellite to measure bombardment 
of energetic particles from space which was launched Nov. 
21, is not yet returning data. Its experiments cannot be 
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turned on until the satellite stops spinning. Program manager 
Raymond Miller expects that to occur this week. 


INDUSTRY 
New Missile Guidance Under Study 


A low-cost inertial guidance system for a range of tactical 
missiles is being funded as an in-house development by Lock- 
heed Missiles and Space Co., in conjunction with Lear 
Siegler Inc. and AC Spark Plug. Acceleration tests of a 
working model of the package are scheduled on the 35,000- 
ft. missile test track at Holloman AFB, N.M., in January and 
February. System is designed for missiles in the 40-50-n. mi. 
range. Unit cost is predicted at between $10,000 and $20,- 
000, depending on accuracy requirements, which could be 
designed from 50 ft. to 240 ft. Total weight: 37 Ibs. 


Grumman Interested in Arma Facility 


Grumman Aircraft and Engineering Corp. has been in 
negotiation with the Arma division of American Bosch Arma 
Corp. for a sub-lease of Arma’s 500,000-sq.-ft. facility in 
Garden City, N.Y. Grumman hopes to move in about Jan. 1. 


Improved Aerospace Profits Are Forecast 


The New York investment firm of Eastman Dillon, 
Union Securities & Co. predicts in its current review of the 
industry that the changing pattern of Defense Dept. pro- 
curement policies will bring improved profit margins and 
contract stability. But the report warns investors that selec- 
tivity is necessary, since the DOD program is expected to 
favor large, well-managed companies with broad-based tech- 
nical capability. 


ESD Wants More Firms To Bid 


Procurement officials at Air Force’s Electronic Systems 
Division say they generally are disappointed at the lack 
of competition on the division’s Requests for Proposals. “We 
would like to have more firms making bids for our con- 
tracts,” one officer told CoUNTDOWN. 


DOD To Open Consolidated Security Shop 


Defense Industrial Security Clearance Office, to handle 
security clearances for military contractors, will be opened 
next March at the Defense Construction Supply Center, 
Columbus, Ohio. The office will consolidate functions now 
handled at more than 100 locations. 


TRW Wins SGLS Bid 


Air Force has awarded a $9-million contract to TRW 
Space Technology Laboratories in its long-range effort to 
standardize electronic equipment packages for its satellite 
programs. Contract is for production during the next two 
years of a space ground link subsystem (SGLS) consisting 
of eight vehicle packages and a demonstration ground sta- 
tion. 


INTERNATIONAL 


French Plan Rocket Test Track 

A rocket test track similar to one at the Naval Ordnance 
Test Center, China Lake, Calif., is to be erected by the 
French government at its new R&D test center. Maj. 
Jacques Bergez of the French Ministry of Defense toured 
NOTS track facilities last week. 
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The Missile/Space Week 


ASMS Request Cancelled 


The Navy has decided to cancel 
its FY 1966 funding request for 
production of the Advanced Surface 
Missile System. 

Pentagon speculation is that the 
decision to delay the money request 
stems from development problems 
with the system, which is designed 
as a successor to the 3-T, Terrier, 
Tartar and Talos, family of ship- 
board missiles in the 1970's. 

Weight and size complexities are 
said to be the stumbling blocks that 
must be overcome to permit fully 
funded production. 

Solution of these problems within 
the next few months could result in 
a Navy decision to seek a supple- 
mental appropriation during the 
coming session of Congress. 


Shots of the Week 


Mariner IV, equipped with a 
new magnesium-thorium shroud, was 
launched from Cape Kennedy Nov. 
28, and the middle of last week was 
324-million-mile trip to Mars. (See p. 
UB), 

@ The Soviet’s Zond 2 Mars probe 
was launched Nov. 30, from a vehicle 
in Earth orbit according to the Sov- 
iet news agency Tass. Tass admitted 
the craft was in trouble soon after 
its release from the vehicle, however, 
with its power supply running ap- 
proximately 50% below the wattage 
expected. 

@ The Air Force on Dec. 1 
launched an ABRES ballistic re-en- 
try system nose cone 5,000 mi. down 
the Western Test Range from Van- 
denberg AFB, Calif. 

@ The Air Force Athena research 
missile was intentionally destroyed 
in flight within a pre-planned safety 
zone over southeastern Utah Nov. 
27 when it appeared to range officials 
that high winds might force the 
vehicle off its course. The vehicle 
apparently functioned satisfactorily 
from launch to the time of abort. 
The four-stage missile performed 
perfectly in its first full-stage mis- 
sion with a full payload Nov. 6. 

® The Navy successfully launched 
a Polaris A-3 missile from the USS 
Stonewall Jackson on Dec. 2. The 
2,000-mi. shot was the first in a series 
of training launches for the sub. 

@® The Army’s Mauler air defense 
missile underwent a successful test 
firing against a target drone last 
week at the White Sands Missile 
Range. The General Dynamics/Po- 
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mona missile is in the flight test pro- 
gram phase. 


Douglas Hits ‘Contracting Out’ 


Douglas Aircraft Co. president’ 


Donald W. Douglas, Jr., has publicly 
criticized the Dept. of Defense policy 
of awarding production contracts to 
firms other than those responsible 
for the research and development 
phase. 

Douglas told a New York City 
meeting of the American Ordnance 
Assn.: “No longer are we in industry 
thought of as producers of armament 
but rather as producers of technol- 
ogy.” But, Douglas pointed out, an 
important obstacle in the path of 
continued advance in the research 
field is the low profit margin—less 
than 8%—on which the aerospace 
industry operates. 

To this is now added the possibil- 
ity that lucrative production con- 
tracts can be lost at the last minute 
to other companies and “the oppor- 
tunity to make a profit on production 
which helps finance ... R&D is com- 
pletely lost,” Douglas said. 

He said he doubted that the prac- 
tice of awarding production contracts 
to non-developers saved money any- 
way because a firm’s lack of experi- 
ence often results in unexpected costs. 

Although industry has privately 
expressed strong reservations about 
the advisability of “contracting out” 
production, Douglas is the first top 
industry spokesman to speak out 
against the policy in public. 


Bioinstrumentation RFP’s In 


Bids have been received by 
NASA’s Manned Spacecraft Center 
for the Apollo bioinstrumentation 
contract, which will cover design, 
development, fabrication, testing and 
quality assurance to satisfy both 
ground test support and flight test 
requirements. 

Some 86 companies were asked to 
bid on the project. The instrumenta- 
tion is to provide information on such 
parameters as strength and rate of 
heartbeat, respiration rate and ap- 
proximate depth, body temperature, 
and blood pressure. 

Two kinds of configurations must 
be supplied. The first, applicable 
to ground tests and flight simula- 
tions, must include two electrocardio- 
graph signal conditioners, an 
impedance pneumograph signal con- 
ditioner, temperature signa] condi- 


tioner, temperature probe, blood 
pressure measuring system with 
signal conditioner and microphone, 
power converter, and wiring harness. 
Specific weight limitations are given. 

The second aspect will provide 
flight devices, including also signal 
conditioners for electrocardiograph 
and impedance pneumograph, a 
power converter and 500 electrodes 
and non-toxic electrode paste which © 
can be applied for one year or more, 
and a wiring harness. 


DOD Considering ASPR Changes 


DOD has sent letters to indus- 
try seeking comments on proposed 
changes to the Armed Services Pro- 
curement Regulations on the break- 
out of systems components and the 
costing of intra-company transfer of 
materials. 

Proposed wording of the break- 
out proposal is: “If a weapon system 
or other item of major equipment 
cannot be procured on the basis of 
effective price competition, it is DOD 
policy to break out components that 
are not being procured competitively 
by the end item contractor whenever 
such breakout (1) will result in over- 
all savings to the government and 
(2) will not jeopardize the satisfac- 
tory performance and timely delivery 
of the end item.” 

Proposed costing procedures re- 
lating to intra-company transfers of 
materials specify that ‘allowance for 
all materials produced by the con- 
tractor or by any division, subsidiary 
or affiliate of the contractor under 
common control (referred to as the 
‘seller’) shall be in accordance with 
a policy which calls for such ma- 
terials to be priced “not to exceed 
the lesser of the current market price 
or the seller’s current sales price to 
its most favored customer for a like 
quantity of the item.” 


Russia Gets Tiros Weather Data 


Tiros satellite pictures are being 
transmitted over the new “cold”’ line 
established between Moscow and the 
U.S. Weather Bureau in Washington, 
D.C. 

The cable circuit, laid by Radio 
Corp. of America, is the result of a 
bilateral agreement made two years 
ago between the USSR Academy of 
Science and NASA. It will permit 
alternate use of facsimile, data, voice 
and telegraph communications. The 
line runs through Frankfurt, Lon- 
don, Berlin and Warsaw. 
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S-IVB Fired at Full-Power 


First full-power static firing of 
the hydrogen-fueled Saturn S-IVB 
stage was achieved at the Douglas 
Missile and Space Systems Div., Sac- 
ramento, Calif., Test Center. 

The firing, in which the J-2 en- 
gines were operated at full 200,000- 
lb. thrust, lasted for 10 seconds as 
planned. It also marked the first use 
of the new test complex Beta, con- 
sisting of two 150-ft.-high steel and 
concrete stands capable of holding 
down rockets with more than a mil- 
lion pounds thrust, which was built 
for the S-IVB program. 

The next phase of the test pro- 
gram will be to work up through a 
series of 20-second, 50-second and 
150-second firings to the first full- 
duration, full-power test, which will 
last 480 seconds. At least six tests 
are scheduled over the next few 
months to provide operating data for 
Douglas engineers and to evaluate 
the design of the stage, ground sup- 
port equipment, test facilities and 
operating procedures. 

Primary objectives of the 10-sec- 
ond test were to achieve engine start, 
advance to full thrust, stabilize main- 
stage operation for the duration, and 
shut down on schedule. 


NASA Unit Moving to Cape 


The majority of NASA’s Launch 
Support Equipment Engineering Div. 
will move from Marshall Space Flight 
Center to Kennedy Space Center by 
next summer. 

Following a plan laid down two 
years ago, 100 of the 140 personnel 
in this division will move with the 
launch support equipment which will | 
be installed in Apollo launch and 
checkout facilities on Merritt Island. 
The remaining 40 will remain at 
Huntsville to support testing and 
modification of Saturn V launch sup- 
port equipment still under develop- 
ment for fabrication. The group, 
which has the title of Kennedy Space 
Center Launch Support Equipment 
Engineering Div., is headed by T. 
A. Poppel. 


Correction 


IN M/R’S Fourth Annual 
NASA Issue (Nov. 30) the head- 
line over the Special Report on 


the Weather Bureau (page 152) 
should read “Bureau’s Spending 
Level Will Climb Over $40 Mil- 
lion During 1970's” ($40 million 
rather than $40 billion, as printed). 
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HERCULES 


In tactical situations 


The battlefield commander is the man 
on the spot. The responsibility is all his. 
He must be sure, certain in his knowl- 
edge that each tactical missile will work. 

Hercules provides that kind of assur- 
ance with high performance propulsion 
systems, highly reliable and with known 
reproducibility. Hercules motors, with 
fifty years of experience and over a 
billion pounds of production behind 
them, give the battlefield commander 
the power to do his job. From the first 
solid Navy Bullpup to the Army’s Nike, 
Honest John and Little John... from 
the antitank TOW missile to the Navy’s 
surface-to-air Terrier and Talos... Her- 
cules has participated successfully in 
the development of the weapons de- 
signed to aid the battlefield commander. 

Pride in these accomplishments, 
which include Minuteman and Polaris 
missiles, is just one of the rewards of 
working for Hercules. Our Personnel De- 
partment has opportunities for a reward- 
ing career in this exciting field for those 
who qualify. Explosives & Chemical Pro- 
pulsion Department, Hercules Powder 
Company, Wilmington, Delaware 19899. 
HERCULES POWDER COMPANY 


EQUAL OPPORTUNITY EMPLOYER 


nomi 
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Within a week... 


McNamara MOL Decision Due 


DDR&E official denies reports that program will be cancelled 
in favor of joint DOD/NASA orbiting lab using Apollo-X 


A DECISION by Secretary of De- 
fense Robert S$. McNamara on the fu- 
ture of the Air Force’s Manned Orbiting 
Laboratory (MOL) program is immi- 
nent. 

A top official of the Directorate of 
Defense Research and Engineering told 
MIsSILES AND ROCKETS late last week 
that a decision on whether to approve 
substantial funding for the project in 
Fiscal Year 1966 will be made by Mc- 
Namara within a week. “We have made 
a good case for going ahead with MOL 
and we have no reason to be pessimis- 
tic about its future,” he declared. 

His statement followed published re- 
ports that high-level NASA and DOD 
officials had already agreed on a joint 
orbiting laboratory program which 
would utilize the Apollo Extension Sys- 
tems (A pollo-X) spacecraft (M/R, Oct. 


by Hal Taylor 


26, p. 14). This system, the report said, 
would replace the MOL, which Mc- 
Namara had already decided to cancel. 

The DDR&E official denied the re- 
ports emphatically. He said that the 
MOL discussions were a completely in- 
house DOD effort ordered by the Sec- 
retary. “In order to move ahead with 
the MOL program, we will need sub- 
stantial funding in the next fiscal year. 
We have been hard at work attempting 
to justify it and we expect a decision 
within a week,” he continued. 

He said that if a decision is made to 
scrap the program, DDR&E and the Air 
Force will have to look around for al- 
ternatives. He said one of the possible 
substitutes would be Apollo-X, but that 
this would mean at least a two-year de- 
lay in ascertaining the need for a 
manned military space capability. 


Italy To Launch San Marco Satellite 


ITALY this week will become the 
third nation to launch a satellite into 
space. 

The launch of the San Marco 
satellite is scheduled from Wallops 
Island, Va., no earlier than Decem- 
ber 11. A NASA-trained Italian 
launch crew will direct the count- 
down of the four-stage U.S. Scout 
booster. 

This will be the first time in the 
NASA international cooperative pro- 
gram that a satellite launch opera- 
tion has been conducted by a team 
of foreign nationals. United States 
launch crews have placed in orbit 
two United Kingdom satellites and 
one Canadian satellite. 

The 254-lb. San Marco satellite 
will be launched in an easterly di- 
rection from Wallops Island. Incli- 
nation to the equator will be 37.7 de- 
grees. Its orbit is expected to have 
a perigee of approximately 135 stat- 
ute miles. Apogee of the satellite is 
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expected to be about 420 statute mi. 

Objectives of the flight are to 
serve as a training exercise for the 
Italian launch crew in preparation 
for a sea platform operation; to qual- 
ify the San Marco spacecraft for a 
later launch into an equatorial orbit 
from a sea platform in the Indian 
Ocean near the Equator; and to pro- 
vide measurements of air density and 
to investigate ionospheric character- 
istics related to interference with 
long-range radio transmissions, 

Instrumentation in the 26-in. 
spherical spacecraft was tested in two 
suborbital flights from Wallops Is- 
land last year—April 20 and Aug. 2. 

The project was conceived by 
Professor Luigi Broglio, chairman of 
the Italian Commission for Space 
Research and general director of the 
San Marco project. The payload was 
developed by Professor Broglio and 
his group at the Aerospace Research 
Center in Rome. 


® Double denial—A NASA spokes- 
man joined in denying the reports that 
the two agencies had reached agree- 
ment to permit the Air Force to fly the 
last six Gemini missions and to fly all 
NASA unmanned payloads on the Titan 
IIT booster. 

It was learned that the chief propo- 
nent for scrapping MOL is Dr. Donald 
Hornig, President Johnson’s chief sci- 
entific advisor, who is backed by other 
members of the Presidential Scientific 
Advisory Committee. 

Hornig believes that MOL and 
A pollo-X are duplicative efforts. MOL 
should be dropped, he says, because it 
does not have sufficient size or capabil- | 
ity to represent a real step forward in 
space exploration. The committee and 
Hornig also believe that since the Soviet 
Union has already orbited three cosmo- 
nauts, the two-man MOL capsule would 
represent a loss in U.S. prestige. 

The DDR&E official declared that 
their studies indicate that MOL will 
enable the Air Force to conduct many | 
important experiments in space. He 
added that while Apollo-X could be 
used for some of them, it could not 
serve as a test bed for all. 

@ Secretary on record—If McNa- 
mara does decide to kill the program, it 
will be a complete departure from his 
previous position. In announcing his 
decision to cancel the Dyna-Soar proj- 
ect and replace it with MOL in Decem- 
ber, 1963, he said that “despite the fact 
that they are not clear, we will undertake 
a carefully controlled and carefully 
scheduled program of developing the 
techniques which would be required 
were we to ever suddenly be confronted 
with a military mission in space and it 
is for that reason we proposed and 
Congress approved the Titan III.” 

“It is for that reason we are propos- 
ing the Manned Orbiting Laboratory; 
not for a precise, clearly defined, well- 
recognized military mission, but because 
we feel that we must develop certain of 
the technology that would be the foun- 
dation for manned military operations 
in space... .” a 
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After GAO report... 


FURTHER CHANGES in Dept. of 
Defense patent policies may be forth- 
coming as a result of a number of Gen- 
eral Accounting Office probes into con- 
tractor practices. 

GAO is now preparing several more 
Teports on specific contractors that will 

deal with aspects of interpretation of 

the patent disclosure provision on Gov- 
ernment contracts. Last week it pub- 
lished its report on Lockheed Missiles 
& Space Co., following the same lines 
as that on divisions of Thompson Ramo 
Wooldridge. Both companies were 
charged with failure to disclose a num- 
ber of inventions made under DOD 
R&D contracts (M/R, Nov. 30, p. 29). 

The Dept. of Defense has indicated 
that it does not consider the problem a 
severe one, and that the May 11, 1964, 
increase in the withholding provision has 
greatly helped the situation. This in- 
creased from $5,000 to $10,000, or 
from 5-10% of the contract, whichever 
is less, the amount withheld until all in- 
ventions are disclosed, to the govern- 
ment. 

However, GAO’s position is that fail- 
ures and long delays in reporting they 

have uncovered are evidence that this 

measure is not binding enough. A DOD 

study group is now reviewing the situ- 
ation. There are indications, however, 
that the Armed Services Procurement 
Regulations (ASPR’s) may be changed 
to provide for a larger withholding per- 
centage. 

@ Industry pressure—One of the 
points industry is questioning is the new 
requirement that written disclosure must 
be made within four months. Lockheed 
president D. J. Haughton pointed out in 
a letter to GAO that this would mean 

that inventions must be disclosed before 
they are complete, and would require 
much follow-on material to supplement 
information. 
In addition, he said, it may be im- 
possible to say during this time period 


whether or not a patent application will 
be filed, since development of complete 
technical information and _ patent 
searches could not be completed. There 
are indications that DOD will lengthen 
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this period, however, because of wide- 
spread industry complaints. 

On the subject of confirmatory li- 
censes, which are filed with the Patent 
Office and show the government’s right 
to royalty-free use of the invention, 
answers by both TRW and Lockheed 


Gemini Mated to Titan Il 


GEMINI II spacecraft, weighing approxi- 
mately 6,900 Ibs., is hoisted in the gantry 
to be mated to the Titan II launch vehicle 
at Cape Kennedy. GT-2 flight, set for no 
earlier than Dec. 8, is intended to flight- 
qualify the entire spacecraft as an inte- 
grated system for manned space flight. 
The suborbital unmanned mission should 
last about 20 min., the capsule should 
achieve an altitude of about 106 mi., and 
should travel approximately 2,150 mi. 
downrange from Cape Kennedy. 


- DOD May Toughen Patent Policies 


TRW, Lockheed charged with failing to disclose inventions 
made under R&D contracts; ASPR’s may be made more stringent 


show that there is some confusion about 
the filing of these documents. 

Although DOD has followed the 
practice in some cases of preparing the 
confirmatory license itself, GAO said, 
the ASPR’s indicate that the contractor 
has this responsibility. GAO also said 
that it has brought to the attention of 
DOD that there is no fixed period of 
time in which these licenses should be 
filed, and that the ASPR’s should be 
amended to make such a provision. 

®@ Lockheed & TRW—In last week’s 
report, GAO charged that Lockheed 
failed to disclose to the government 58 
inventions that had been made under 
defense contracts up to 23 months pre- 
viously. It also charged a number of 
non-disclosures going back as far as 
46 months. 

TRW Computers and Space Tech- 
nology Laboratories, subject of the pre- 
vious reports, allegedly did not disclose 
some 18 inventions that had been made 
up to 344 years ago and others as far 
back as four years ago. 

In both instances, GAO said, the 
patent rights of the government have 
been jeopardized, since it was not aware 
of inventions in which it had contractual 
rights to royalty-free use or to obtain 
title to the invention. “Consequently the 
Government may have paid royalties 
unnecessarily for the use of such inven- 
tions and may have lost its rights to 
such inventions because of intervening 
patents by third parties,” the GAO re- 
port stated. 

GAO has strongly recommended that 
additional financial sanctions be imposed 
on delinquent firms—in the form of 
liquidated damages for contractor fail- 
ure or delay in reporting inventions. It 
also has proposed to DOD that the 
military services adopt “adequate sur- 
veillance,” including review of the filing 
of patent applications by the govern- 
ment. This would avoid the jeopardy of 
publication or lack of diligence, it said. 

GAO Associate Director Harold H. 
Rubin said that the probe, which began 
last year, was started at the office’s own 
initiative and was not requested by any 
Congressional committee. | 


11 


Early stages ‘perfect’... 


Mid-Course Correction 
Decides Mariner Fate 


Russian Mars probe launched three days after U.S. 
spacecraft encounters power supply problems early 


THE U.S. IS APPARENTLY lead- 
ing in the race to explore Mars as the 
Mariner IV spacecraft thus far has per- 
formed perfectly while its Russian com- 
petitor, Zond II, has encountered prob- 
lems with its power supply. 

On Dec. 2, 1964, the U.S. space- 
craft was 771,263 statute miles from 
Earth and 125.4 million miles from 
Mars and traveling at a speed of 7,]23 
miles per hour. 

The Russian spacecraft was launched 
Nov. 30, three days after Mariner IV 
successfully lifted off the pad at Cape 
Kennedy. This put the NASA space- 
craft ahead of the Russians, but the 
probable heavier propulsion capacity of 
the Russian booster could enable it to 
catch up later. 

@ Russian power problem—Shortly 
after launch the Russians announced 
that the spacecraft’s power supply was 
50% less than expected. U.S. officials 
said that while the Russians had prob- 
ably overdesigned to cover such a pos- 
sibility, the loss of power was apparently 
serious or they would not have made 
a public announcement. 

There was also immediate specula- 
tion that the Russians would launch 
another spacecraft before the current 
launch window ends early this month. 
During previous planetary launch op- 
portunities, they have always made sev- 
eral launch attempts. 

USS. officials reported that two ob- 
jects in orbit—the Russian launch ve- 
hicle stages—decayed Dec. 1. There was 
no report on the spacecraft trajectory 
or velocity by U.S. tracking stations. 

@ Guidance correction critical—A 
crucial step in the Mariner flight—a 
mid-course guidance correction—was 
scheduled late last week by scientists at 
the Jet Propulsion Laboratory. If suc- 
cessful, they said it would put the space- 
craft within 8,000 miles of the planet 
about July 14-15, 1965. The maneuver 
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was expected to be made on either Dec. 
3 or 4 at about 2 a.m. 

During the brief encounter, Mariner 
IV is scheduled to record 22 photographs 
of the Martian surface on tape and play 
them back for re-recording at NASA’s 
Deep Space Instrumentation Facilities 
at Goldstone, Calif.; Johannesburg, S. 
Africa; and Woomera, Australia. 

The Mariner IV Mars fly-by space- 
craft was launched on a successful tra- 
jectory from Cape Kennedy at 9:22 a.m. 
EST Nov, 28. 

@ Why it slipped—The launch, orig- 
inally scheduled for the first week in No- 
vember, was delayed when Mariner III 
failed to extend its solar panels in flight 
and battery power was exhausted through 
lack of recharge capability. 

Project officials agreed that a struc- 
tural failure had occurred in the fiber- 
glas honeycomb shroud that protected 
the spacecraft during passage through 
the atmosphere. 

Consensus of engineers pointed to- 
ward replacement of the honeycomb 
structure with a more rigid material, 
and Lockheed Missiles and Space Co. 
fabricated a magnesium alloy shroud 
to replace the honeycomb. Two of the 
structures, both coated inside and out 
with Fiberglas material, were fabricated, 
with one going to the Cape and one re- 
maining in California for testing. 

The Mariner IV launch was then 
reset for Nov. 27, but fluctuating signal 


strength from the spacecraft radio 
forced a 24-hour delay. 
@ Launch vehicle performance— 


Countdown and launch of the Atlas D 
first-stage booster was described as “per- 
fect” by Bob Gray, chief of Goddard 
Space Flight Center’s launch operations 
team at the Cape. It marked the third 
time in a row an Atlas space booster 
had been launched exactly on schedule 
from Complex 12 and was the 24th 
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MAGNESIUM alloy shroud used to pro- 
tect Mariner IV during ascent undergoes | 


tests at Sunnyvale, Calif., plant of Lock- 
heed Missiles & Space Co. Mariner IIT 
failure has been blamed on failure of glass 
fiber shroud, which apparently did not 
separate from the spacecraft properly, 
causing the probe to lose power when its 
solar cells could not be exposed to the 
Sun. Mariner IV is scheduled to pass Mars 
July 14-15, 1965. 


consecutive success for the Atlas as a | 


booster. 

A check of Atlas performance data 
revealed booster velocity was one-half 
foot short of perfection, but was well 
within the seven feet per second allow- 
able. Pitch was between three and four 
feet per second low compared to an al- 
lowable 64 fps, and yaw was 4.5 fps to 
the right compared to an allowable 64 
fps. 

Agena D performance also was ex- 
cellent, and the initial trajectory with- 
out correction would provide a miss 
distance of 200,000 miles, well within 
the 750,000-mile correction capability 
of the on-board mid-course correction 
motor. 

If the correction is successfully ac- 
complished, Mariner IV will have trav- 
eled 325 million miles at encounter and 
will be some 134 million miles from 
Earth when picture playback starts after 
the sweeping photo pass at Mars. 

The tape bearing the pictures is 
scheduled to be played twice, but can 
be repeated many times on command 
from Earth if additional transmissions 
are indicated or required. | 
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Third in series... 


Apollo Launch Escape Test Due 


Little Joe Il-boosted shot, scheduled no sooner than Dec. 8, 
to simulate catastrophic launch vehicle failure at White Sands 


THE THIRD in a series of possibly 
eight tests of the Apollo launch vehicle 
escape system will be carried out this 
week using a Little Joe II booster and 
boilerplate Apollo command and service 
modules. 

Launch, scheduled Dec. 8 at the ear- 
liest, will be made from White Sands 
Missile Range, N.M. It will simulate a 
catastrophic launch vehicle failure at 
maximum aerodynamic pressures. From 
the 4,000-ft.-altitude White Sands launch 
site, this pressure region is attained 
31,000 ft. above the range. 

NASA has scheduled another boiler- 
plate escape test for the second quarter 
of 1965, after which three or four tests 
will be made using the actual Apollo 
| spacecraft to see whether subsystems 
function properly during abort. 

This week’s test differs from the two 
| previous ones in which the launch escape 
| system was used to demonstrate pad 
abort and high-dynamic-pressure abort. 
In the latter, which was conducted last 
May 13, one of the three parachutes 
failed to deploy, but the spacecraft was 
landed safely. 

@ Objectives—The following equip- 
ment will be tested for the first time in 
the upcoming test: 

—Canards, located near the top of 
the tower jettison motor to turn the 
Command Module heat shield forward 
to damp descent oscillations during 
abort. 

—tThe boost protective cover, a shell 
that fits on the sloping section of the 
Command Module, will be jettisoned 
with the launch escape tower. This cover 
protects the Lunar Excursion Module 
docking mechanism from excess heating 
during first-stage boost and protects 
Command Module windows from soot 
and erosion from the launch escape mo- 
tor. It also is designed to protect the 
thermal control paint on the ablative ma- 
terials. 

—Two spacecraft drogue parachutes, 
which will be used instead of the one 
formerly used. 

@ Flight schedule—After launch 
from White Sands, at which time the 
vehicle will be oriented in a northerly 
direction at an angle of about 84 degrees 
to the horizontal, the spacecraft will fol- 
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low a normal boost phase until T plus 
35.5 seconds. At this time, the space- 
craft should be at 26,000 feet, and a 
pitch-up maneuver will be initiated by 
radio command. This will place the ve- 
hicle into the angle approximating the 
emergency escape attitude for the space- 
craft. 

Abort will take place at 37 seconds 
after liftoff. In this sequence, the Com- 
mand Module, a 13.2-ft.-long, 154-in.- 
wide boilerplate weighing 9,600 Ibs., 
will be separated from the boilerplate 
Service Module. This structure is coni- 
cally shaped, 11 ft. 3 in. high, 154 in. 
wide and weighs 10,000 Ibs. 

The boost protective cover, which 
extends over the entire conical surface 
of the Command Module, consists of 
a hard upper third portion of glass 
honeycomb over Teflon-impregnated 


glass cloth. The lower two-thirds or soft 


; oye 
LAUNCH escape system for Apollo boiler- 


plate command and service modules being 
mated to Little Joe II launch vehicle. 


portion is constructed of ablative cork 
over Teflon-impregnated glass cloth. 
The glass cloth assures a smooth surface 
for easy removal when the tower is 
jettisoned. 

The vehicle will carry a telemetry 
system, motion picture cameras and a 
tape recorder. Electrical power will be 
supplied by one 1,500-watt-hour and 
four 140-watt-hour silver-zinc batteries. 

Launch escape motor and pitch- 
control motor are both supplied by 
Lockheed Propulsion Co. The solid- 
fueled launch escape motor weighs 4,800 
lbs., is 26 in. in diameter and 183 in. 
long. Thrust of 155,000 lbs. for six sec- 
onds is provided by burning about 3,200 
Ibs. of solid fuel. The pitch control mo- 
tor, also solid fueled, is 9 in. in diameter 
and 22 in. long. 

® Post-abort—Eleven seconds after 
abort initiation, the canard subsystem, 
which consists of two pyrotechnic-actu- 
ated stabilizing “wings” about 18 in. 
wide and 24 in. long, are actuated. These 
turn the launch escape vehicle around 
so that the blunt or heat-shield end is 
forward, minimizing Command Module 
descent oscillations. 

Altitude of the launch-escape ve- 
hicle at this point will be about 46,000 
ft. above the range and it will be 48.5 
seconds from launch. 

At 116 seconds, the tower structure 
of the launch escape subsystem, which 
is about 120 in. long, with a base of 
40 x 50 in., is jettisoned with the boost 
protective cover and the forward heat 
shield. Tower jettison motor, developed 
by Thiokol, has a gross weight of 550 
Ibs. and develops 33,000 Ibs. thrust for 
one second. Four single-mode explosive 
bolts, each equipped with a dual igni- 
tion feature to increase reliability, con- 
stitute the tower release mechanism. 

Drogue parachutes will be deployed 
about two seconds later, when the ve- 
hicle is about 19,000 ft. above the range. 
The vehicle is expected to impact about 
32,000 ft. uprange. 

Other contractors involved in the 
test are: General Dynamics, Little Joe II 
booster; Aerojet-General Corp., Algol 
motors; Thiokol Chemical Corp., Re- 
cruit motors for the Little Joe; and 
Northrop Corp., landing system. Gi 
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Polaris A-3 Launch Tube Production , 


TOP LEFT: Materials stockpile at Westinghouse Electric Corp.'s 
Sunnyvale, Calif., facility constantly feeds the $200-million 
Polaris A-3 launch tube program. Five sections per launcher, 
with two flanges on each section and 16 launchers per submarine, 
require a continuing supply of steel in the receiving yard. TOP 
CENTER, LEFT & RIGHT: First step in the launcher assembly 
program is section welding. The high-strength, lightweight jacket 
section is welded on remote-controlled, television-monitored 
welding fixtures. TOP RIGHT: Access doors are hinged so that 
they are completely out of the way during servicing of the mis- 


sile. Each is both mechanically and electrically locked. The foam | 
bags visible here are part of the shock mitigation system designed | 
to give the launch tubes the same ruggedness as the parent sub- | 
marine, as well as to provide for the launch environment. The 
bagged-foam packages are evacuated before the tube is slipped 
into the outer shell. BOTTOM FAR LEFT: Lower end of | 
launcher shows the support ring with its clamps, indicator’ 
switches and detectors to monitor and control Polaris during | 
long sea stowage. BOTTOM CENTER, P. 14: Final assembly} 
area at Westinghouse-Sunnyvale. The launcher tube (left fore-- 
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lfestinghouse: A Step-by-Step Report 


ground) is padded with polyurethane foam (background upper 
left) and inserted into the jacket, creating the launcher module 
(right foreground). The module is shipped to the submarine fab- 
ricators for installation. BOTTOM RIGHT, P. 14: The rocket 
motor portion of the steam eject system is covered with handling 
hooks and has a heavy thrust neutralizer bolted to the base for 
handling and shipping. The rocket motor superheats water which 
in turn is admitted to the base of the launch tube with the rocket 
exhaust gases, forcing the Polaris A-3 out of the submarine. 
BOTTOM LEFT, P. 15: Precision barrel assembly area is shown 


with a launcher tube at left being readied for shipment. The pipe 
rack assembly is part of the shipping procedure. The tubes have 
a number of mechanical and electrical subsystems attached here 
for future mating with the Mark 21 Launching System. Westing- 
house also builds the control system at this plant. The Integrated 
Monitoring Panel (IMP) is also fabricated here. BOTTOM 
RIGHT, P. 15: Drawing of tube section aboard Polaris subma- 
rine shows the launching system in place with the Westinghouse 
control console. There has never been a failure in the operation 
of these launching systems in the Polaris program. 
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NOW, WHO THOUGHT THAT 


For aeons, man has looked up to the stars...wondering... questioning. = Now, at last, 
age-old questions of what lies beyond his farthest gaze are being answered by dedi- 
cated, down-to-earth thinking. ™ At Lockheed Missiles & Space Company's Research 
and Engineering Center in Huntsville, Alabama, a select group of scientists and 
engineers are supporting NASA's Marshall Space Flight Center in evolving new aero- 
Space concepts designed to extend man’s outward reach. ® Such imaginative men, 
schooled in logic and skilled in shirt-sleeve know-how, explore a thousand 
thoughts each day. =» What might you think up in this distinguished company? = An 
advanced degree ii: AE, ME, EE, Physics or Applied Mathematics, and a flair for 
analytical thinking are required. Areas of study include: Guidance, Flight Mechanics, 
Astrodynamics, Advanced Control Theory, Analog Computation. = We invite your 
inquiry. Write: Lockheed Missiles & Space Company, Huntsville Professional Staff, 
P.O. Box'G504, Sunnyvale, California. ® An equal opportunity employer. 
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ELECTRONICS 
Hydrogen Atom Clocks To Check Relativity 


Two H-10 atomic hydrogen maser clocks will be evalu- 
ated by scientists at NASA’s Goddard Space Flight Center 
for possible use in high-precision satellite tracking as well 
as experiments testing Einstein’s prediction of the effect of 
gravity on time. The clocks, developed by the Quantum 
Electronic Devices activity of Varian Associates, use the 
natural oscillation resulting from the interaction of the 
proton and the electron in the hydrogen atom. These atoms, 
under proper conditions, will emit energy at a precisely 
known frequency of 1,420,405,751.732 cps. The natural 
stability is such that the Varian H-10 maser will produce 
this exact frequency with month-long stability better than 
5 parts in 10° RMS. 


EOS To Build Airborne Laser Beacon 


A complete laser beacon system for use aboard high- 
performance, high-altitude aircraft will be designed and built 
by Electro-Optical Systems, Inc., under a contract from the 
National Aeronautics and Space Administration. The Xerox 
subsidiary will deliver the system to NASA’s Flight Research 
Center at Edwards, Calif., early next year. In operation, the 
system will be mounted beneath the aircraft and used to send 
wide, coherent spherical wave fronts to ground tracking 
stations for in-flight azimuth and elevation angle data. Laser 
operation will be at 100 pulses/sec. through a Xenon flash 
unit. The laser rod will be yttrium aluminum garnet doped 
with neodymium. The wave fronts will be observed by optical 
trackers designed to black out all lightwaves other than the 
1.06-micron infrared laser wavelength. 


Surveyor Landing Radar in Advanced Tests 


The radar and Doppler velocity sensor system destined 
to assist the Surveyor spacecraft in its soft landing on the 
Moon is now in the advanced test phases at Ryan Electronics. 
Flight tests of the system using helicopters at Holloman AFB 
and at the Hughes Aircraft Co. airport have been success- 
fully completed. These flights ran from 6,000 to 20 ft. above 
the ground. In the actual Surveyor mission, the landing 
radar and Doppler velacity sensor will operate from 50,000 
ft. altitude to the lunar surface. Controlled drops of the 
spacecraft from balloons have been started, simulating the 
final lunar descent. The Ryan system controls the craft’s 
vernier rocket system in the final landing approach. 


JOVIAL Compiler To Be Built for Navy 


Planning Research Corp. will develop a JOVIAL com- 
piler for the Navy’s militarized computer under a $162,000 
contract with BuShips. The compiler will process the JOVIAL 
language on the Univac CP-667 computer. The generated 
programs will be run on a computer system with the CP-667 
as its control processor. The compiler will enable the Navy 
to write command and control programs in JOVIAL. 


Highly Stable Transmitter for Saturn 


Leach Corp. will build an undisclosed number of 2-watt 
solid-state telemetry transmitters capable of maintaining a 
state-of-the-art frequency stability of 0.005% within an 
assigned center frequency under all specified environments. 
The contract was awarded by the Brown Engineering Co., 

_ subcontractor to NASA’s Marshall Space Flight Center for 
the electronic system integration and checkout on the 


missiles and rockets, December 7, 1964 


Technical Countdown 


Saturn program. The solid-state units will be a standard 
IRIG transmitter operating on a standard telemetry band- 
width of 215 to 265 mc, The frequency stability will be 
achieved through design extension and improvement of an 
existing 2-watt telemetry transmitter with a frequency stabil- 
ity.of 0.01%. 


MATERIALS 
New High-Temperature Fiber Developed by J-M 


A hydrous magnesium fiber called TX with an ultimate 
temperature resistance of 5,070° F is being marketed by 
Johns-Manville’s Aerospace Products Dept. The reinforcing 
fiber contains about 28% of chemically combined water. 
During hyperthermal exposure, some of this water is re- 
leased and the fiber functions partially as a transpiration 
cooling mechanism. TX laminated plastics have flexural 
strengths in the range of 15,000 to 18,000 psi and tensile 
strengths of 9,000 to 11,000 psi. The modulus of elasticity 
is about 2.4 x 10.6 lbs./in°’. Prototype parts have been sub- 
jected to rocket firing tests and J-M spokesmen say the re- 
sults showed TX components to be superior to all others in 
the evaluations—which included graphite, silica and asbes- 
tos reinforcements. The configuration tested was a TX-rein- 
forced ablative thrust chamber. 


ASTRONAUTICS 


Vacuum Cleaner for MOL Under Development 


A combination vacuum cleaner and fire extinguisher for 
the Manned Orbiting Laboratory is being developed by Lock- 
heed Missiles and Space Co. Dubbed VacGuard, the device 
operates on the pressure difference between the cabin and 
outer space. It is designed to control cabin fires, remove 
unwanted solids, liquids and gases and to control sudden 
leaks in the space cabin wall. The device consists of an 
adapter, a flexible hose and a selector valve. 


SPACE MEDICINE 


Brainwave Communication Demonstrated 


An Air Force scientist at Cambridge Research Labora- 
tories has successfully demonstrated that communications 
can be made through brain waves. According to Dr. Edmond 
M. Dewan, trained subjects can alter the pattern of their 
brains’ alpha rhythm, the low frequency wave related to 
visual perception. The alpha rhythm can be turned on and 
off, allowing the use of a binary digit system or Morse code 
for communication. 


Spacesuits Will Get Rigorous Testing 


Apollo and Gemini spacesuit prototypes complete with 
life support systems are to undergo extreme environmental 
testing next year with a dummy constructed of copper and 
glass fiber inside. The dummy, which will thermally simulate 
man, will have 50 temperature sensors to measure effective- 
ness of the suit protection to different portions of the body. 
It also will be jointed to study how movements, such as 
kneeling on the hot or cold surface of the Moon, will affect 
this protection. Visor fogging also will be simulated. The 
study will be done in Ling-Temco-Vought’s space environ- 
ment simulator, which will use liquid nitrogen for extreme 
cold, and mercury xenon lights to simulate the Sun. 
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information systems 


Pentagon's New Stress on Tactical 


C&C Systems Highlights ISS Meeting 


Hort Sprincs, Va.—Steadily increas- 
ing Dept. of Defense interest in appli- 
cation of new command and control 
systems at the tactical level, and in the 
study and development of the processes 
of “crisis management” within the top 
echelons of the government, are ex- 
pected to have an important impact on 
future U.S. development of informa- 
tion systems. 

Influence of increased activity in 
both these areas was apparent at the 
Second Congress on the Information 
System Sciences, held here Nov. 22-25, 
and was in sharp contrast to the first 
Meeting of the congress two years ear- 
lier, when heavy emphasis was placed 
on developmental problems faced by the 
large and primarily strategic command 
and control systems (M/R, Dec. 3, 
1962, p. 16). The conference was spon- 
sored by the Air Force’s Electronic Sys- 
tems Div. and The Mitre Corp. 

There are several reasons for the in- 
crease in activity in the tactical areas. 
First, the growth of weaponry has ex- 
panded greatly in order to afford a de- 
fense policy of flexible response, and 
field commanders must have a very high 
degree of control over some of these 
weapons, particularly those used for air 
defense and nuclear offense. Second, 
there is a growing tendency for the U.S. 
to rely on combat echelons based in 
this country and able to move quickly 
over long distances, taking with them 
lightweight C&C equipments. A third, 
and very important, reason is that de- 
velopment of new microelectronic cir- 
cuitry applicable to design of very small 
control devices or field computers will 
allow use of automated systems in areas 
where this has previously been impossi- 
ble. 

Dr. Eugene G. Fubini, Deputy 
Director of Defense Research and Engi- 
neering, who keynoted the meeting here, 
said at a press conference that his office 
was attempting to “encourage” firms 
that have concentrated on strategic sys- 
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tems to get into the tactical areas in 
order to meet this “redistribution” of 
effort between the two. Fubini listed re- 
connaissance, control of air space, and 
logistics as among those areas where new 
systems developments are possible. 

Herbert D. Bennington, technical di- 
rector of the Joint Chiefs of Staff com- 
mand and control requirements group, 
told M/R that tactical systems will rep- 
resent the “richest application of C&C 
activity in the immediate future.” Ben- 
nington also said that within the JCS, 
specifically, there was increasing inter- 
est in ‘“‘making sure the operational char- 
acteristics of the service-developed sys- 
tems are compatible.” 

@ New approaches—Spurred on by 
the mounting DOD concern with lower 
echelon information systems, industry 
experts in this area interviewed by M/R 
are focusing on several possible new ap- 
plications. For example: 

—tThe increasing accuracy of cur- 
rent surface-to-air antiaircraft missile 
systems (and the expected gains with 
new systems) could pose a problem for 
missile crews unable to get a rapid veri- 
fication of friend or foe from an aircraft, 
particularly in front-line areas where 
attacks may be at very high speeds and 
low altitudes. The problem will become 
acute, Some observers believe, when in 
the near future the U.S. may have in the 
field widely dispersed antiaircraft missile 
weapons which can be operated by one 
man. An example of such a system is the 
shoulder-fired Redeye missile now un- 
der development. The World War II 
adage of “shoot °em down and sort ’em 
on the ground” may have to be modi- 
fied, as one expert puts it, “when you 
are pretty sure you are going to hit what 
you shoot at.” 

Planners believe that considerable 
improvements can be made in airborne 
IFF systems and that development of 
microcircuitry should allow very small 
interrogation systems to be developed 
for use with some of these single- 


operator missile systems to provide surer 
weapon control. 

—In the tactical air strike situation, 
some observers believe, that new infor- 
mation processing schemes can yield 
simulation techniques for gathering 
vulnerability figures associated with 
planned low-level high-speed terrain- 
following strikes. By “Digitizing” the 
known terrain and by cranking in vari- 
ous defense system acquisition times 
(and the location of the defensive sites 
if known) it is thought that a simulated 
aircraft could be run through a specific 
mission, showing not only the probabil- 
ity of success but perhaps the best way 
to use the terrain to accomplish the mis- 
sion. 

This same technique, if mastered by 
an enemy, would impose its own prob- 
lem on air defense, which could become 
ineffective in that it too becomes masked 
by the terrain. Some observers believe 
this possibility will demand development 
for new airborne air-defense and weap- 
ons control systems beyond those which 
now exist. 

—In the intelligence and recon- 
naissance areas, some planners feel there 
will be a need for a critical review of all 
existing systems, including those gener- 
ally associated with only a single-user 
service, with an eye toward making 
better, and possibly more widespread, 
use of data. 

For example, electronic signature 
detection systems which are used pri- 
marily to provide a key to an enemy’s 
activities and whereabouts might also 
use data collected from signals emanat- 
ing from friendly forces which might be 
useful in providing a more accurate pic- 
ture of the dispersion of these forces to 
a field commander. 

Several new microelectronic and 
electro-optical on-board data processing 
efforts are now under way within indus- 
try, some of them funded by the Air 
Force in a move to provide greater real- 
time inputs to the various I&R systems 
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all 


(M/R, June 1, p. 30; Nov. 23, p. 22). 

—Another area which is demanding 
more attention is that of control over 
tactical nuclear weapons, ranging from 
artillery-delivered warheads to nuclear- 
tipped missiles and bombs delivered by 
aircraft. While systems are in existence 
covering these weapons (M/R, March 
30, p. 84), some observers believe these 
wil have to be refined to the point 
where virtually new C&C systems are 
‘necessary. 

Inputs such as weather and nuclear 
fallout pattern predictions, and the 
ability to provide informative briefings 
to widely dispersed tactical air force 
pilots who could, for example, be 
charged with delivering nuclear weapons 
upon targets of opportunity, will need 
to be improved. C&C equipment that 
is very easily transported, say in a single 
aircraft, will be required. Some experts 
view this field as quite critical, pointing 
out that improved control will have an 
effect on how a tactical war is fought 
and, in turn, how it might escalate. 

One of the primary roles intended 
for the Army’s CCIS-70 automated data 
| processing field systems now under de- 
velopment is in this area of nuclear 
target analysis and fire planning. De- 
scribed at the conference, the fire prob- 
‘lems were judged “sufficiently complex 


|A LARGER and more powerful second-stage solid-propellant 
rocket motor under development for the Air Force Minuteman II 
ICBM features a large single nozzle (left) rather than the four- 
nozzle configuration of the operational Minuteman 1. The ad- 
| vanced motor will give Minuteman II longer range or a greater 
payload capability than its predecessor has. The now operational 
motor moves its nozzles to direct the missile’s flight during 
The advanced version has a_ hot- 
gas pressurizing system that injects vaporizing liquid into the 
nozzle to achieve thrust-vector or direction controls. A second 
hot-gas system provides roll control. The new rocket control 
system was developed by the Space-General Corp., El Monte, 
Calif., under contract to the Aerojet-General Corp., second-stage 


second-stage operation. 


propulsion contractor. 
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| Minuteman II Second Stage Shown 


that the aid of a computer appears es- 
sential.” 

Within the Navy, there is now in 
progress a major expansion of new data 
processing systems to be used in connec- 
tion with anti-submarine warfare and 
target signal analysis (M/R, Sept. 21, p. 
46). 

® Capturing data—At the confer- 
ence, the most public support for tactical 
information systems came from Marlin 
G. Kroeger of the Autonetics Div. of 
North American Aviation, Inc. 

Kroeger sees tactical level automa- 
tion as more in keeping with the rule 
of “capturing data at its source,” some- 
thing he feels that designers of strategic 
systems have violated. Kroger points out 
that much of the data captured at tac- 
tical echelons would be put immediately 
into a format that will make some or all 
of the data useable throughout military 
information systems. He cautions, how- 
ever, that strategic systems already in 
existence could impose certain ineffi- 
cienies at the lower levels in terms of 
format variations and development of 
dual-reporting channels. He called for 
major attention to be given within the 
DOD to the job of imposing intercon- 
nection standards between isolated serv- 
ice-developed systems. 

A discussion of some of the factors 
in so-called “crisis 
management,’’ 
which now takes 
up an increasingly 
larger portion of 
DDR&E’s time 
(M/R, March 30, 
p. 80), by Daniel 
Ellsberg, a special 
assistant to the Sec- 
retary of Defense 
for International 
Security Affairs, re- 
vealed two major 
items of interest for 


information sys- 
tems designers: 
@ Lonely de- 


cision—For one, 
the role of the 
President of the 
United States in the 
decision-making 
process which ac- 
companies major 
international crises 
is a large and pe- 
culiar one, and, as 
Ellsberg:put it: 
“The importance 
of command and 
control now is that 
the President per- 
sonally must be 
kept very much in 
mind. Some earlier 
planning may have 
been unrealistic in 


terms of the President’s role,” he said. 

While Ellsberg did not say how this 
could be done, what he did say makes 
it appear that information specialists 
have a problem on their hands. 

For example, Ellsberg, who insiders 
say has made the most penetrating study 
ever performed of the Cuban missile 
crisis, pointed out “the decision-making 
process is secret to a very unusual de- 
gree,” and that the impression of any- 
one, outside of an extremely small group 
of persons, “is almost certain to be 
wrong.” 

Ellsberg said that the President’s 
role is so closely guarded that he, in 
effect, comes to his job “as an amateur” 
regarding some of these matters. Once 
in office, the President must choose his 
closest advisors with an awareness of 
the potential cost of “leaks” regarding 
his role in any number of crises. One 
observer points out that this conscious- 
ness at high levels that “not everybody 
is on the team, even in the Cabinet,” 
can give rise to leaks or political em- 
barrassments. 

The fact that a crisis comes to the 
surface at all has significant political 
implications for the President, for as 
Ellsberg pointed out, it generally im- 
plies that “something appears to have 
failed,” or someone has failed to fore- 
see, or had foreseen and then failed to 
prepare or handle it. 

“The President,’ Ellsberg noted, 
“has an extraordinary range of infor- 
mation available to him, but despite 
this, quite shocking surprises do occur.” 
He said not only Cuba contained its 
element of surprise—the Suez crisis, for 
example, “had also surprised Eisen- 
hower and Dulles.” Ellsberg added that 
there are numbers of crises which “are 
successfully hidden.” 

With these things in mind, Ellsberg 
pointed out that an administration has 
almost nothing to gain by an outsider 
getting a piercing look at the total deci- 
sion-making process during a crisis. For 
example, though the outcome of the 
crisis may appear good, the manage- 
ment of the crisis may have been rather 
poor. 
@ Military bypassed—The other 
area of interest to information scientists 
is in the military input to these crisis 
management situations. Ellsberg noted 
that during the Cuban missile crisis, 
only General Maxwell Taylor was rep- 
resented among the dozen or so mem- 
bers of the so-called Ex-Comm offshoot 
of the National Security Council. Ells- 
berg said there is a need to improve the 
military output, so that it gives a more 
reliable input in this type of situation, 
but also indicated that one of the 
reasons why the military may be 
“frozen out’ of this process is because 
Pentagon planning staffs may not be 
suited to the pace of decision-making 
in this crisissemanagement area. a 
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life support 


POSSIBILITY that the Air Force’s 
Manned Orbiting Laboratory will re- 
quire development of a new kind of 
spacesuit has been raised by the chief 
medical officer on the project. 

Col. Andres Karstens, Aerospace 
Medical Div. officer assigned to the 
MOL group under Brig. Gen. Joseph S. 
Bleymaier, commander of the Air 
Force’s Space Systems Command, said 
that it may be possible that MOL astro- 
nauts can wear a lightweight, continu- 
ous-wear pressure suit that would afford 
adequate protection during an emer- 
gency until a regular pressure suit could 
be donned. 

The alternative to this, unless analy- 
sis shows that failure potential is so low 
that no such precautions need be taken, 
would be for one astronaut to remain 
suited most of the time, with hclmet on 
and hooked up to his suit umbilical 
for ventilation. 

The Air Force is working with 
NASA to develop spacesuit techniques. 
However, while NASA is fairly well 
committed to design on the Apollo and 
Gemini suits, the Air Force could still 
embark in a new direction. NASA As- 
tronaut Scott Carpenter recently voiced 
the wearer’s point of view when he said 
that pressure suits are obsolete, unde- 
sirable and quite uncomfortable. 


New Type of Spacesuit 
May Be Needed for MOL Astronauts. 


® Conditioning devices—Acrospace 
Medical Division is now soliciting re- 
sponses from qualified contractors for 
development of prototype spaceflight de- 
vices to diminish or prevent the decon- 
ditioning effects of weightlessness and 
associated environmental factors. AI- 
though MOL is not specifically named 
in the procurement, it is obvious that 
any such development would, if possi- 
ble, be integrated into it. 

AMD, through its Brooks AFB, Tex., 
contracting office, will let one or more 
two-month study contracts, then a six- 
month development and testing contract 
under which three devices will be de- 
livered to the Air Force. 

In discussing the problem as ap- 
plied to MOL, Karstens said that the 
main problems are with the muscular 
system and circulatory system. Extensive 
investigations conducted with bedrest 
studies have given confidence in the 
effectiveness of some exercise tech- 
niques, combined with one of several 
means for “intermittently displacing 
some of the circulating blood to the 
limbs and skin”—presumably by pres- 
sure cuffs or breathing techniques. 

However, it is the length of the mis- 
sion which will dictate whether ex- 
tensive countermeasures must be taken. 
Karstens said use of “some sort of ro- 


Chimps Exceed Expectations in Vacuum 


AIR FORCE RESEARCHERS 
doing decompression survival tests 
with chimpanzees at Holloman AFB, 
N.M., are revising their ideas about 
how long primates can live in vac- 
uum. 
Maj. Herbert H. Reynolds, scien- 
tist for the Air Force’s Aeromedical 
Research Laboratory at Holloman, 
said that chimps have been exposed 
to space-equivalent vacuum for up to 
150 seconds, after which they were 
totally impaired for 37 and a half 
minutes. During this time, their bod- 
ies expanded, and after a few seconds 
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of functioning, they lapsed into sus- 
pended animation. However, their 
body fluids did not boil, as has 
previously been expected. 

When spaceship pressure was re- 
stored, the animals also began to re- 
cover, eventually returning to normal 
with no apparent injury, Reynolds 
said. 

The scientist further noted that he 
wanted to do another year of work 
to verify his conclusions, but said the 
work thus far is very encouraging. 
Limit of survival has previously been 
set at from 10 to 15 seconds. 


by Heather M. David 


tational device,” apparently meaning a 
centrifuge, would be “undesirable” as a 
solution to the physiological problems. 

® Oricntation—The MOL vehicle © 
probably will be oriented so that its 
“up” end is toward the Gemini-B. As- 
tronauts should have no problem ad- 
justing to this, Karstens said, even 
though the long axis is parallel to Earth. 
This arrangement will greatly facilitate 
mock-up evaluations, testing mainten- 
ance and final checkout, he said. 

© Atmosphere—Pure oxygen at 5 
psi, as in the case of NASA’s Gemini 
and Apollo space programs, seems now 
to be preferred to 7-psi nitrogen/oxygen. 
The bends problem, which is proving 
to be greater than expected as the 
men perform mission-type tasks, is ob- 
viously solved by using oxygen during 
the early phases of the MOL mission 
when extravehicular operations might 
take place. 

The critical phases of boost and re- 
entry are the ones in which there are 
physiological advantages in using a 
mixed-gas system because of absorption 
effects from the lungs and middle ear. 
However, Karstens indicated, these are 
the very phases that must be committed 
to pure oxygen in case pressure-suit op- 
eration is necessary. 

Further tests on fire hazards and 
other considerations are being studied 
in advance of the final decision. Kar- 
Stens also said that hc hoped that the 
controls system for the two-gas system 
could be simplified to the extent that 
the decision could be based upon the 
merits of the gases themselves, rather 
than having to consider the amount of 
time that would be necessary to monitor 
the system. 

@ Water supply—Since it seems al- 
most certain that fuel cells will be used 
as the power supply for MOL, Karstens 
said, water will be available from this 
source as well as from cabin condensa- 
tion. 

Non-regeneral carbon-dioxide con- 
trol systems at present appear to be 
most reliable, Karstens said. He stressed, 
however, the fact that regenerable sor- 
bers should be developed for follow-on 
use. | 
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When cleaning is critical, 


Sperry uses FREON 
Precision Cleaning Agent 


Part of the gyroscope manufactured 
by Sperry* for the inertial guidance 
system of supersonic aircraft has to 
“float” in the damping fluid. The 
damping agent is a complex chemical 
polychlorotrifluoroethylene. 

The cleaning of the floated portion 
is acritical operation for which Sperry 
relies on an ultrasonic vapor rinse of 
Du Pont's FREON Precision Cleaning 
Agent. The system was engineered 
and constructed by Branson Instru- 
ments, Inc.,Stamford,Conn.,anagent 
for‘'Freon’’solventcleaning systems. 
This is the type of complete service 
manufacturers have come to expect 
from representatives for Du Pont 
FREON solvents. 

FREON is a selective solvent...it 


thoroughly removes all contaminants 
without affecting the materials of con- 
struction. Its low surface tension en- 
ables it to penetrate even the most 
minute crevices, and its high density 
permits it to float away particulate 
matter. 

And FREON is so stable that by using 
asimple recovery unit, Sperry can re- 
use it. This, combined with increased 
production efficiency, results in cost 
savings. 

If you would like more information 
on how economical, nonflammable, 


FREON’G@UPOND 


SOLVENTS 
BETTER THINGS FOR BETTER LIVING 


Até.u § eaT.ore 


-- THROUGH CHEMISTRY 


Circle No. 5 on Subscriber Service Cord 


virtually nontoxic FREON fluorocarbon 
solvents can improve your cleaning 


operations, mail the coupon below. 
*Sperry Gyroscope Company, a division of Sperry Rand Corp. 


Du Pont Co., ‘‘Freon" Products Division 
N-2430 MR-2, Wilmington, Del. 19898 


Please send me information on FREON 
solvents. | am interested in cleaning 


Name Title. 


Company 


Address 


CC ———_—_ i otate Zip 
OFFER GOOD IN U.S.A, ONLY 
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LOCKHEED-CALIFORNIA Company’s “Ping-Pong” reconnaissance rocket. 


missile systems 


‘Bounce-Back’ Recon Rocket 
Under Operational Evaluation 


LOCKHEED-CALIFORNIA CO. 
has conducted successful feasibility tests 
for the Army of a prototype photo- 
reconnaissance rocket called “Ping- 
Pong,” which can be fired into a target 
area to take photos and then returned 
by retro-rocket. 

The vehicle is presently under evalu- 
ation for operational requirement at the 
Army’s Combat Development Command 
at Ft. Belvoir, Va. 

The prototype rocket was launched 
from a mottar-type tube. A solid motor 
lofted the vehicle into a target area 
where pictures were taken automatically. 
A timer then activated a solid retro 
motor, which reversed the path of the 
missile. The motors, both off-the-shelf 
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varieties, were mounted at either end 
of the vehicle, which was stabilized by 
a fin that slid from one end to the other 
when it reversed direction. The test was 
conducted at Rosamond Dry Lake 80 
miles north of Lockheed-California’s 
Burbank plant. 

The $250,000 feasibility study was 
funded by the Army Electronics Com- 
mand in May, 1963, but determination 
of an operational requirement is up to 
the Combat Development Command. 

Lockheed describes “Ping-Pong” as 
light-weight, small, reusable and rela- 
tively inexpensive to produce. Com- 
peting concepts include the Goodyear 
“Boomerang,” Chrysler’s “Snooper 
Shell” and Beech’s “Peeping Tom.” 
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Joint GE/USAF test adds 
data on value of simulatic 
man’s utility for MOL 


Two US Air Force Aerospace Reseai 
Pilot School faculty members “ 
ing” a carefully-programmed 15-d 
simulated orbital mission at Gene 
Electric’s Valley Forge Space Teg 
nology Center have demonstrated af 
ity beyond expectations in handli 
potential MOL tasks. 

Their space cabin, 

especially designed 

to MOL require- 

ments, was based on 

results of G-E’s pre- 

vious four-man-30- 

day ‘“‘Terranaut” test. 

Atmosphere again 

was 50/50 nitrogen- Space cabin 
oxygen at 7 psi. The simulator 
crew's mission-task profile and s 
tem limitations subordinated all p 
sonal considerations to a demand 
eight-on, four-off work-sleep sched 


Mission contro! center for simulated flight 


Realistic orbital tasks were p 
grammed: station keeping; equipmé 
maintenance; rendezvous using € 
simulators; navigation experimet 
using man-controlled Orbiting Ast 
nomical Observatory hardware, wht 
men did the job with less fuel; 
complete re-entry program perform 
manually; plus other experimet 

a pertinent to 
ture orbital rm 
sions. Tas 
scheduled 1 
daylight had 
be completed 
that period 
“orbit”. Comn 
come ain nications w 
Control panel ground _ static 

segment terminated 
they theoretically passed out 
range. 


The test proved the value of s 
tem-level simulation for performar 
evaluation and pilot training, < 
that mission-goal orientation 
trained, motivated pilots can ov 
come the most demanding conditic 
of orbit. For more information, wri 
Megr., Manned Orbital Laboratory Pi 
ect, Valley Forge Space Technol 
Center, General Electric Co., Ph 
delphia, Pa. 19101. 1 
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Northrop Advocates Parachute 
Landing System for Mars Voyager 


DESPITE SOME NASA opinions 
to the contrary, Northrop Ventura Di- 
vision investigators have concluded that 
parachutes can lower Voyager landing 
vehicles safely to the surface of Mars, 
even if the most pessimistic estimates 
of the low density of the Martian at- 
mosphere are accepted. 

Having completed a preliminary 
study of the problems and possibilities, 
Northrop parachute specialists will now 
mark time until the Mariner program 
and other projects yield a better idea 
of the density of the red planet’s at- 
mosphere. 

Density is the critical factor in de- 
termining whether parachutes will be 
suitable for the job. The so-called W, 
Martian atmosphere recently calculated 
for Jet Propulsion Laboratory by Dr. 
Gerald Kuiper of the University of Ari- 
zona is less dense than previous esti- 


mates by nearly a factor of 10. Density 
at the surface is set at about two per- 
cent of the value on Earth, and pres- 
sure is about one percent of Earth sea- 
level atmosphere. 

The conclusion led some observers 
to decide that a Mars parachute would 
have to be unacceptably large to per- 
mit the five-minute minimum descent 
NASA wants to probe the vertical struc- 
ture of the atmosphere. It also seemed 
likely that aerodynamic deceleration 
from entry velocities which might be 
as high as 29,000 fps and at angles as 
steep as 90° would be difficult or im- 
possible. 

To those who hold these views, 
retro-rockets look like the only answer. 
The Northrop scientists and engineers, 
who have supplied the ring-sail recovery 
parachutes for Mercury, Gemini and 
Apollo, insist that parachute descent on 


ENTRY and_ para- 
chiute deploynient 
sequence of Voyager 
Mars capsule as en- 
visioned by North- 
rop Ventura engi- 
neers: mortar ejects 
drogue  clutte; aft 
heat shield separates 
from capsule,  de- 
ploying main cliuite; 
chute  disreefs and 
lowers capsule to 
Martian surface. 


Mars is not only feasible but that it can 
be done more reliably and for less 
weight than by retro-rocket. 

® Parachute weight advantage— 
Northrop hopes to sell variations of the 
successful ring-sail for the Mars job. 
It is envisioned as a two-stage system— 
one relatively small supersonic-opening 
chute to stabilize and decelerate the ve- 
hicle during the final part of the Mars 
atmosphere entry, and a larger subsonic- 
opening chute cluster for the descent to 
the surface. 

The supersonic drogue chute is esti- 
mated to be eight times lighter than a 
retro-rocket for the same job, and the 
rocket decelerator would pay the addi- 
tional weight penalty of an attitude- 
stabilization system, which would be 
unnecessary in an aerodynamic deceler- 
ator. 

Inflated ballutes have been consid- 
ered as a means of aerodynamic entry 
braking and stabilizing. Northrop para- 
chute designers regard them as too heavy 
for the amount of drag they supply, par- 
ticularly if it turns out that they must 
be made of René 41, or some other 
metallic mesh material capable of resist- 
ing heat. 

They hope to use HT-1, a special 
hcat-resistant nylon, for their proposed 
parachutes. There may be serious draw- 
backs to the use of any nylon compo- 
sition. Ionizing radiation during a long 
mission may cause a degradation of 
strength, and out-gassing of moisture in 
a vacuum may have similar effects. The 
water content of nylon is small, but it 
contributes to the strength of the mate- 
rial. 

@ Nylon promising—The lightest 
fabric permitted by the environment 
should be used to minimize weight. 
Apollo ring-sails, which face dynamic 
pressures of 64 psf at opening, are made 
of nylon that ranges in weight from 1.1 
oz./yd.2 to 2.25 oz./yd.2 The lightest 
nylon available is 0.6 oz. The super- 
sonic drogue will probably have to be 
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deployed at a very high altitudc, where 
the Martian atmosphere is extremely 
rarified. Dynamic pressure may be low 
despite high entry velocity. Lightweight 
materials may therefore be acceptable. 
It might even be possible to use silk or 
Mylar. 

Mission profile studies indicate that 
the maximum deceleration loading on 
the vehicle will occur before the drogue 
chute opens. It should be a high-drag 
body, probably shaped something like 
the Apollo Command Module, but with 
an even lower ballistic coefficient. 

The Command Module has 50 lbs. 
of mass per square foot of frontal drag 
area. For a Voyager Mars lander, the 
goal is about 5 psf. The ballistic co- 
efficient finally chosen may involve a 
trade-off with parachute efficiency. If 
the frontal area of the lander is made 
too large, the wake effects could impose 
a requirement for an unacceptably large 
parachute. 

The minimum speed for deployment 
of the supersonic drogue has been set 

-at Mach 1.5, since the high-drag shape 
becomes unstable at transonic speeds. 
The maximum is set at approximately 
Mach 4.6. 

Flat-topped “Hyperflo” parachutes 
have been tested successfully at high 
Mach numbers but need further devel- 
opment. Since there would be a high-g 
load upon the vehicle at that point be- 
cause of its own drag, a heavy mortar 
would be needed to get the drogue out 
of its compartment. The weight of this 
would be likely to force acceptance of 
a lower deployment Mach number. 

® Cluster configuration likely— 
Ring-sail parachutes for the final de- 
scent of a Voyager Mars lander would 
probably be used in a cloverleaf cluster 
of three as in Apollo. An equivalent 
single canopy would be a third lighter, 
but the cluster assures reliability. The 
weight of a reserve chute as a back-up 
for a single canopy would offset its ad- 
vantage in drag per pound of weight. 

Reliability is one of the main claims 
made for the many-pancled ring-sail. It 
can sustain a tremendous amount of 
damage without much degradation of 
performance. 

In the case of the Mercury ring-sail, 
it was found that with 30% to 50% of 
the panels destroyed it could still pro- 
vide an allowable descent ratc. 

The ring-sail has one valuable char- 
acteristic which even its designers did 
not foresee, 

When deliberately overstressed dur- 
ing a test drop, the canopy split from 
skirt to vent and performed what Nor- 
throp engineers have come to call a 
“snake dance.” The canopy, spilling air 
through the split, turned itself com- 


pletely inside out, re-formed and then | 


repeated the cycle several times. The 
descent rate was within acceptable 
limits. i | 
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Our Experimental Engineering Department has a variety of attrac- 
tive openings for graduate engineers in the areas listed below. Since 
this work involves the development and refinement of highly- 
sophisticated (and frequently unorthodox) propulsion devices, 
these positions offer unusual challenge and opportunities for ad- 
vancement. 

Powerplant and Component Test — supervise the fabri- 
cation, assembly and test of experimental powerplants and com- 
ponents, evaluate test data, make recommendations for improving 
efficiency and durability of the item under development. 


Powerplant Performance Analysis — conduct current 
and advanced performance studies, perform system analysis, evalu- 
ate test data to provide a criteria for recommending programs to 
improve efficiency and dependability of powerplants and com- 
ponents under development. 


At P&WA you’ll find a solid engineering team, a unique depart- 
mental stability and tough assignments with early responsibility. 
Just as working conditions are above average so are the living con- 
ditions in nearby rural, urban or suburban areas. 
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space systems 


Third Phase of MORL Study 


Has Ambitious Experiment Aims 


Undertaking envisions a range of applications from weather 
observation to geographic and ocean current surveys 


MISSIONS DIRECTLY profitable 
to the economy will be the focus of 
Manned Orbital Research Laboratory 
(MORL) study Phase IIb just awarded 
to Douglas Aircraft Co.’s Missile and 
Space Systems Division by NASA’s 
Langley Research Center. 

A sketchy look was taken at such 
applications as a manned orbiting 
weather station, geological and geo- 
graphic survey, Ocean current survey, 
crop prediction, operational support of 
future space programs, and manned 
orbiting observatories as part of the 
recently completed Phase Ila. 

The new $1.6 million, 11-month 
study is to determine whether the pre- 
liminary design of the lab has enough 
versatility to undertake such missions 
after its primary biomedical and en- 
vironmental research jobs are complete 
—and to see what changes are needed 
to ensure that it does. 

As in Phase IIa, contractors partici- 
pating with Douglas on the study will 
be: Bendix Corp., working on stability 
and control systems; Hamilton Stand- 
ard Division of United Aircraft Corp., 
environmental control and life-support 
system; and International Business 
Machines, data management and com- 
munications. 

MORL can be launched 52 months 
from the time NASA gives the go- 
ahead. This is one of the conclusions 
reached in Phase IIa. So far, about $2 
million of NASA money and some pri- 
vate capital has been invested in Phases 
I and Ila. 

Coming in the wake of arguments 
by the National Academy of Science 
that Mars exploration should be the 
next step into space after the manned 
lunar landing, the 27-volume report on 
MORL study Phase Ia gives MORL 
a more tangible look than that of most 
advanced study concepts. The first goal 
set for MORL is to collect design data 
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by Russell Hawkes 


and planning information for manned 
interplanetary missions and other long- 
duration spaceflights. 

A realistic hypothetical experiment 
program was drawn up and Douglas 
engineers have concluded that a six- 
man MORL could accomplish it in a 
little over a year. The lab could accom- 
modate a maximum crew of nine or 
ten. At the time the study was started, 
a prime goal was the gathering of in- 
formation on the effects on man of 
prolonged weightlessness. It was hoped 
that the study and earlier flight pro- 
grams would eliminate every unknown 
except the reaction of man to long 
spaceflights. 

Whatever the fate of MORL as a 
hardware program, Langley and Doug- 
las officials are convinced that the in- 
tensity and breadth of the study give 
it value in all U.S. manned space 
programs. Douglas has evolved MORL 
to its present form from a “baseline” 
spacecraft design that was the best 
estimate of what it should be on the 
basis of what was known a year ago. 
An iterative design evolution and plan- 
ning procedure called TOPSY (Test 
Operations and Planning System) was 
used. 

@ Sample experiment program—An 
actual MORL experiment program 
would be drawn up by NASA, but 
Douglas created a realistic sample pro- 
gram for preliminary design purposes. 
Starting with safety margins, weight 
restrictions and the assumed techno- 
logical state of the art, Douglas estab- 
lished 91 representative experiments in 
an order of priority, a variety of crew 
compositions, a schedule of mission 
operations, and other families of de- 
sign-controlling variables. 

Each sample experiment was 
measured against 104 separate criteria. 


TOPSY computer programs tried every 
possible combination of these to deter- 
mine their constraints upon the rate of 
experiment accomplishment. Design, 
crew complement and operational pro- 
gram were then modified step-by-step, 
seeking maximum relief of these con- 
straints and maximum system utiliza- 
tion. 

With a six-man crew, and allowing 
for necessary operational and mainte- 
nance chores, 16,700 experimental 
man-hours per year will be available. 
The experiment program is estimated 
to last 1.4 years and to require 22,000 
experimental hours. 

Optimizing the mixture of special- 
ized skills among the six-man crew can 
have an important effect on the rate of 
accomplishment. At the end of Phase 
IIa, improved skill mixes were yielding 
about twice as many experimental man- 
hours per day as the baseline laboratory 
and crew, 70% utilization compared to 
the original 30%. Program officials be- 
lieve 90% may be achievable. 

Maintaining the optimum skill mix 
as project emphasis shifts would re- 
quire rotation of two complete crews 
per year. Although the study includes 
a thorough work schedule for the pur- 
pose of the study, it is not really possi- 
ble to make a detailed plan far in ad- 
vance. Douglas engineers emphasize 
that it will be necessary to develop a 
real-time scheduling tool to adjust the 
actual experiment program _intelli- 
gently. 

@ Logistics—A six-man crew will 
require about 40,000 lbs. of supplies 
per year, including 15,000 or 16,000 
lbs. for experiments during the first 
year. The second largest requirement of 
the logistic pipeline will be life-support 
system expendables for the men. The 
system design is expected to make the 
spares requirement small. 

During five years of use, the logis- 
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tic requirements of MORL are ex- 
pected to rise as its missions shift from 
experimentation to the various Earth- 
oriented applications of study Phase 
lib. Logistic systems would account 
for a third of the $2.5-billion total cost 
of the first year of operation, and about 
44% of the $4.2-billion operations over 
a five-year span. For the same periods, 
lab operatings costs would fall from 
35% to 21%. 

The most economical way of hanh- 
dling crew ferry and resupply jobs is 
with a single-vehicle concept. Allow- 
ing for growth of logistic requirements, 
the best ratio of cargo to passengers in 
the combined carrier is about 5,000 
lbs. per man rotated. Of the launch 
system and spacecraft combinations 
available for the job, Titan I1I-C/ 
Apollo was found to have insufficient 
capacity and Saturn IB/Gemini to have 
an excessive ratio of cargo capacity to 
seats, so that the combination would 
have to operate with an off-design load. 

@ Vehicle combinations—The pre- 
ferred choices were Saturn IB/ Apollo 
and Titan I1l-C/Gemini—with the 
edge going to the former because it 
could meet the resupply and ferry re- 
quirements with fewer launches and is 
better designed for long-term storage 
in space. 

Gemini would fit within the hangar 
compartment of the MORL as now de- 
signed to permit maintenance opera- 
tions upon spacecraft subsystems ac- 
cessible from the outside. This advan- 
tage, however, is unnecessary with an 
Apollo Command Module because all 
subsystems are accessible from the in- 
side. 

Under the Douglas logistic concept, 
the Command Module would be orb- 
ited with a detachable cargo module 
by a Saturn IB launch vehicle. After 
docking and transfer of personnel and 
goods, a crane mounted on the MORL 
would swing the modules to parking 
positions against the side of the lab to 
leave the docking adapter free to re- 
ceive other vehicles or to make the 
hangar compartment available as a 
vacuum chamber for experiments. 

@ Cargo possibilities—-Under the 
tules applied by NASA, Douglas will 
not be free to bid on cargo module 
contracts. It was necessary, however, 
to sketch out a 220-in.-long, 54-in.-dia. 
module design to analyze the influence 
of such vehicles on lab design and oper- 
ational program. They can serve as 
much more than cargo containers. One 
could provide an experimental animal 
farm with all its own on-board systems 
without transferring expendables, sub- 
jects or personnel between the lab and 
the module. 

Another might contain a large op- 
tical telescope for astronomical re- 
search or for geographic and geological 
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surveys. Mounted at the docking 
adapter, it would be easily accessible 
and would amount to an extension of 
the lab’s working area. 

Many of the things needed to ex- 
tend the duration or enlarge the capa- 
bility of the laboratory could be drawn 
directly from a retrofit module parked 
alongside to minimize losses and haz- 
ards of handling. Among these might 
be electrical power and make-up oxy- 
gen for the environmental control and 
life-support system. 

Based on present technology, the 
most likely source of electrical power 
would be solar cells. Average power 
drain is estimated at 6 kw for a maxi- 
mum crew. However, the broad panels 
are heavy. As part of the MORL study 
program, AiResearch Div. of Garrett 
Corp. is working on preliminary de- 
velopment of a radiothermoisotope- 
energized Brayton-cycle generator. 

® Weight and mission profiles—The 
approximate lab weight for maximum 
mission flexibility is suggested by the 
fact that Saturn 1B could put a 30,000- 
Ib. lab into a low-altitude, low-inclina- 
tion Earth orbit and a Saturn V could 
place a 32,000-Ib. lab in a synchronous 
or lunar orbit. In Phase Ila, Douglas 
has hit upon a target weight of 28,000 
Ibs. for MORL, which will provide 
good adaptability and room for growth, 
Initial payload is figured at 9,200 Ibs. 


MORL is designed to be launched 
unmanned into a low-inclination (28.7- 
degree) Earth orbit by a Saturn IB 
launch vehicle, and then staffed by a 
crew of six to nine men after an orbital 
rendezvous and docking maneuver by 
the ferry-cargo vehicle. On-board sys- 
tems would be rong ae to supply the 
maximum crew for 90 days. Full dura- 
tion and the planned resupply mission 
frequency are based on the nominal 
six-man crew. 

A high-energy inclination or polar 
orbit would require more impulse than 
Saturn IB can provide. A two-stage 
Saturn V provides excess weight-lifting 
capability for an unmanned launch, 
but a cost benefit can be reaped by 
using a single initial launch with the 
crew inside a Command Module atop 
the lab. A three-stage Saturn V with 
an Apollo Service Module can place 
the lab in Earth-synchronous or lunar 
orbit. 

Because of the long durations in- 
volved, safety is a prime requisite in 
the design of MORL. To get it, Doug- 
las has used the structural criteria ap- 
plied to the DC-8 jet transport instead 
of the more moderate ones usually 
applied to spacecraft. The ultimate 
safety factor is 4.0 rather than 1.5. 
Double walls are used, with an inner 
pressure hull isolated from thrust loads 
upon the outer shell. | 


What’s the shortest distance 
between these 2 points? 


Los Angeles 


San Diego Houston 


New Orleans 


Cape Kennedy 


~& 


Melbourne 


National’s direct line. 


We call it our ‘Rocket Run.” It’s the only direct jet service between 
the major space centers of the west and Melbourne (closest air- 
port to Cape Kennedy.) 


You jet between Los Angeles and Melbourne without changing planes. 
National also serves the key space age cities along the east coast. 


Is this any way to run an airline? You bet it is. 


Jet National // 


coast to coast to coast 


Circle No. 7 an Subscriber Service Card 31 


SPACE ELECTRONICS 


Low-G Accelerometers Await New | 
Ground and Flight Test Developments 


Potential customers unable to verify performance numbers; Air 
Force, NASA requirements could be met by single device 


INABILITY TO VERIFY total per- 
formance capabilities of new very-sensi- 
tive, low-g accelerometers is now the big- 
gest single obstacle blocking their use 
in current space activities and their re- 
finement for several probable roles in 
advanced spacecraft. 

The problem is two-fold: for one, ac- 
celerometers thought to be capable of 
sensing changes in acceleration levels as 
low as 10°8 g—and even 1071* g—cannot 
be built with sufficient dynamic range 
for testing to those minimums in the 
relatively noisy, 1I-g environment on 
Earth. 

For another, the agencies which 
have supported development in this area 
have been unsuccessful thus far in 
finding room aboard satellites for these 
advanced devices—so they could be 
checked out in the only environment 
which is likely to yield the sought-after 
test and reliability data. There is no real 
urgency in this area, but planners are 
aware of the problem and are attempt- 
ing to find a suitable spaceborne plat- 
form. 

Lurking behind these two problems 
is the fact that despite widespread ac- 
knowledgement that very sensitive low-g 
accelerometers will be necessary for a 
host of future space missions, particu- 
larly those associated with electrical 
thruster systems, there are as yet no 
publicly approved NASA or Air Force 
programs firmly committed to the major 
systems these devices would support. 

Main impetus for the work to date 
in low-g accelerometers has been, and 
continues to be, NASA (and to a lesser 
extent, AF) interest in various elec- 
trical propulsion schemes; AF interest 
in precise satellite drag measurements 
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in low Earth orbit, and the realization 
that new instruments would be necessary 
to measure the fractional increments in 
g-forces which will be associated with 
virtually all of these missions. 

©@ Potential missions—NASA scien- 
tists break down the electrical propul- 
sion effort into three broad categories: 

—High-thrust (10-15 lbs.), high- 
power (from the high kw to the mega- 
watt range) nuclear-electric systems, 
such as those being studied by the 
Marshall Space Flight Center with an 
eye toward engine requirements for 
manned Mars and lunar ferry missions. 

—Solar-powered systems which may 
possibly generate up to 20-50 kw of 
power and perhaps 14, Ib. of thrust, 
such as those being considered for un- 
manned solar probes and planetary or- 
biters. NASA’s Jet Propulsion Labora- 
tory has just received a number of re- 
sponses to RFP’s for a study of a new 
ion engine which could be applicable to 
a Mars Orbiter. This new study could 
add some fresh impetus to the low-g ac- 
celerometer field; however, planners 
caution that the new study “is just a 
sortie,” to explore potential of solar- 
electric systems. 

Accurate measurement of very low 
thrust levels and variations in thrust 
over long operating periods will be re- 
quired for precise interplanetary guid- 
ance, orbital change measurements and 
optimum fuel utilization. Extremely 
sensitive devices, scientists say, might 
lead to thrust-vector alignment with 
these engines for real-time guidance 
trajectory control on _ interplanetary 
voyages and also provide some design 
leeway for use of gimballed electrical 
engine stuctures. 


——Lower-powered electrical thrusters 
which extend from the wattage range 
up to about 5 kw and produce thrust 
measured from millipounds to perhaps 
hundredths of a pound. These systems 
on the lower-power end might be em- 
ployed, for example, aboard NASA’s 
Applications Technology Satellite (ATS), 
or on the higher-power side, aboard the 
AF’s Manned Orbiting Laboratory. 
NASA’s Lewis and Goddard Centers 
are exploring engines in this range. 

In addition to the need for low-g 
accelerometers in all of the electrical 
propulsion modes (with varying degrees 
of sensitivity required), they will also 
be considered for use as highly sensitive 
gradiometers aboard future NASA 
manned lunar-orbiting spacecraft to 
help profile lunar gravity fields and 
geophysical properties. Definition of 
NASA post-Apollo plans beginning in 
Fiscal Year 1966 should result in the 
award of studies to explore use of an 
accelerometer grouping to perform such 
missions. 

Akin to its role as a gradiometer 
might be development of a system for 
use in attitude-stabilization systems as a 
local vertical sensor in Earth orbit which 
could operate independently of external 
references. 

Among the uses which engineers 
say would rapidly be made of these de- 
vices—if they were available now on an 
off-the-shelf basis—with full-scale test 
and reliability histories, are greater use 
as low-orbit satellite drag sensors for 
highly refined orbital positioning, and 
perhaps in conjunction with small ver- 
nier thrust applications where “trim- 
ming” thrusting is used to position syn- 
chronous satellites, for example. 
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®@ Test problems—The testing prob- 
Jem basically boils down to this: when 
devices are tested in a 1-g field, the 
cross-suspension forces holding the ac- 
celerometer proof-mass and resisting the 
1-g field inherently couple into the sen- 
sitive axis too large a measure of g- 
force to allow designers to see values 
as low as, say, 10714 g along the sentitive 
axis. The best that can be done under 
current methods, both NASA and AF 
Scientists told M/R, is down to about 
10° or © g, with extrapolation probably 
accurate to about 107. Most accel- 
erometer check-out at present utilizes 
measurements taken with a precision 
dividing head in a test-bed area located 
in relatively vibration-free “quiet” loca- 
tions. NASA scientists point out that 
even in these locations, Earth noise and 
vibration can contribute on the order 
of 10% g. 

To be able to verify performance 
claims of 10°11 g in a 1-g environment 
would require a device with a dynamic 
range of about 10!° g’s—which is far 
beyond the current state of the art and 
likely to remain so. 

Several firms are now working in- 
house in an attempt to devise better 
ground-based test methods; similar work 
is being carried on by the Air Force 
at the Holloman Test Center and by 
NASA at Lewis Research Center. 

NASA scientists at Lewis told M/R 
they have developed a new technique 
that they hope will reduce the noise 
problem considerably and allow at least 
a constant input to systems under test. 
They are reluctant to discuss the tech- 
nique until they’ve tried it; this they 
expect to do within “the next few 
months.” They will probably exercise 
the system with new prototype versions 
of an extremely sensitive electrostatic 
low-g accelerometer to be delivered to 
Lewis by Bell Aerosystems Co. in 
January. 

® Flight plans—The effort to get 
some of these low-g devices aboard 
satellites for test has not yet met with 
any success. Scientists at Lewis had 
hoped to put the Bell units aboard the 
SA-10 Saturn-1 launching, riding as a 
passenger on the large (3,400-lb.) Pega- 
sus meteoriod detection satellite that SA- 
10 is slated to orbit next year. The large 
size of the satellite would have allowed 
the accelerometer to be placed at a 
reasonable distance from the vehicle’s 
center of gravity, and Lewis scientists 
say the orbit would have been an 
eccentric: one with slow changes in at- 
titude which would have given the units 
a good workout. However, NASA head- 
quarters apparently has ruled against 
use of piggy-back type experiments with 
this satellite. 

Attention is now focused at getting 
these devices aboard either the ATS 
or possibly one of the OGO series. 

The major AF flight-test program 
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CLOSE-UP VIEW of an accelerometer mounted on a precision dividing head for a null- 
stability test at Bell Aerosystems Co. The instrument is resting on an eight-ton surface 


plate that ts isolation-mounted. 


for these devices probably will come 
as part of the Manned Orbiting Lab- 
oratory (MOL) program. 

In the interim, there is some AF 
interest in development of so-called 
drag-free or zero-g satellites which could 
be used as unmanned test beds. The 
Air Force, like NASA, is interested in 
finding out if any phenomena are 
masked during testing in a 1-g Earth 
environment which might show up in 
zero-g and prevent the sensing of very- 
small-acceleration levels. 

A NASA contract with Stanford 
University is aimed at studying the de- 
velopment of zero-g satellites, and the 
Air Force is intent on following its 
progress. Some lab hardware is being 
developed. 

@ Broad industry, narrow budget— 
Though AF and NASA engineers both 
credit industry with a rather broad 
capability and some very clever schemes 
for low-g accelerometers, there is only 
one program which is now actively 
funded—the Bell MESA (miniature 
electrostatic accelerometer) device. 

The amount of low-g accelerometer 
business to be done is not large. NASA 
estimates that a “big buy” probably 
would be on the order of $500,000 for 
“six or seven devices.” While this busi- 
ness obviously could grow as other 
programs are added, it still should not 
amount to a great deal, and will be 
even less if it is split between several 
firms. This fact may be making some 
firms reluctant to go beyond the paper 
stage in development. 


NASA scientists say candidly that 
firms which are aggressive and willing 
to put money into reducing some of 
these clever schemes to working hard- 
ware could walk off with most of the 


‘accelerometer business. They point out 


that if a single device is developed which 
yields the required sensitivities, it prob- 
ably could be applied with minor 
changes for virtually any of the roles 
being suggested. 

Though the Bell system appears to 
be farthest: along that road at NASA, 
AF engineers at Wright-Patterson told 
M/R that their future mission require- 
ments may be somewhat different, and 
they are likely to place heavy emphasis 
on cost and reliability factors in choos- 
ing accelerometers. 

While Bell has put some of its own 
funds into MESA development, it has 
also been the benefactor of 3-4 years 
of Air Force support at Wright-Patter- 
son (believed to be worth about $500,- 
000), and most recently received a 
$228,000 NASA-Lewis development 
contract in August, 1963, for two proto- 
types (flyable) which will be delivered 
in January. The Air Force no longer 
funds the program, though it remains 
interested in the progress. 

@ Bell’s MESA—The Bell device 
is a single-axis electrostatically sus- 
pended and electrostatically pulse-re- 
balanced accelerometer designed so that 
both the suspension and rebalance forces 
can be changed, or scaled, simply by 
changing the supply voltage levels. It is 
this feature NASA finds appealing. 
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BASIC MECHANICAL elements of Bell’s MESA device are shown. The flanged cylin- 
drical proof-mass is at the center. Carrier for the eight cross-axis support electrodes is at 
the immediate right. The cylinders at each end house the capacitance pickoff and force- 


rebalance electrodes. 


With this capability and a large 
dynamic range of operation (10°), the 
system can be suspended in a 1-g Earth 
field to permit adjustment and calibra- 
tion during a launch-pad check-out and 
then programmed to reduce voltages, 
and therefore suspension forces, in orbit 
to a much lower value for measuring 
accelerations in space. 

Bell scientists claim that the device 
will be capable of sensing a minimum 
detectable acceleration change to 1072? 
g, which far exceeds the NASA specifi- 
cation, calling for a device capable of 
sensing 3 x 10°° g. 

The Bell device reportedly permits 
lowering the proof-mass suspension 
forces in orbit to about 10% g. Accord- 
ing to Bell scientists, the cross-coupling 
effect of the suspension forces with the 
accelerometer’s sensitive axis is on the 
order of 10° yg. Therefore, they report, 
reducing the suspension forces in orbit 
to 107 g results in a null stability and 
repeatability from turn-on to turn-on 
of better than 10°?° g. 

The cross-coupling of the suspension 
forces into the sensitive axis is the 


predominant factor affecting null sta- 
bility and repeatability, and therefore 
affecting the minimum measurable ac- 
celeration. To lower the minimum de- 
tectable acceleration, the suspension 
forces must be lowered, which Bell 
claims can be most easily accomplished 
by means of electrostatic system wherein 
supply voltages can be easily changed 
within a single system. 

Bell uses a capacitive-bridge pickoff 
system (similar to one used in a Bell 
digital velocity meter for the Agena 
space vehicle) to trigger a precise volt- 
age time integral pulse every time the 
small cyclindrical beryllium proof-mass 
moves through a trigger position as a 
result of acceleration. 

The mass is restored by the electro- 
static forces derived from the voltage 
pulse, so that the digitized output of the 
device is a pulse rate proportional to 
the input acceleration, with each pulse 
signifying a discrete velocity increment. 
Bell says the scaling is flexible over a 
range from 0.0001 ft./sec./pulse to 
0.1 ft./sec./ pulse. 

The proof-mass is the only moving 


MESA ACCELEROMETER package and associated electronics. 
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| 
part in the system, and Bell claims that | 
since there is no suspension structure | 
per se to damage, the limit of non- | 
operating shock and vibration is set by 
levels which could permanently distort 
the proof-mass. These levels, say the } 
firm, are in excess of any g’s nominally 
experienced in a vehicle launching, and | 
the accelerometer can therefore be | 
fired non-operating into orbit without 
any subsequent deterioration. Depend- 
ing upon launch environment and mis- 
sion requirements the device could also 
be made to operate during launch with 
higher suspension voltages, designers be- 
lieve. The electronics of the system have | 
been qualified aboard Scout vehicles. 

The total Bell system package, in- 
cluding the basic accelerometer and as- 
sociated electronics (also including an 
oven for temperature control of sensi- 
tive components) weighs about 5 lbs. 
and consumes 15 watts of operating 
power and S watts of non-operating 
power. 

While no follow-on contracts are 
now planned, unless a program go- 
ahead is signaled in one of the potential 
user systems, Bell is known to be work- 
ing on developing a three-axis version 
of the device and studying the applica- 
tion of microelectronics to the system. 

@ Power savings uncertain—Re- 
garding further improvement in power 
demands for low-g devices, both NASA 
and AF engineers express some un- 
certainty as to whether or not it is 
worth the effort to attempt to develop 
micropower systems. They note that 
if these devices were to operate with a 
several-kw electrical propulsion system, 
for example, the power demand of the 
accelerometer would not impose any 
restraints. On the other hand, use of 
these with radioisotope systems might 
call for a significant low-power rede- 
sign. As one AF engineer expresses 
it, “while there is no longer a very 
conscious effort to reduce power further, 
low power in general implies high reli- 
ability.” 

@ AF interests—At Wright-Patter- 
son, AF engineers concerned with low-g 
accelerometers told M/R that all of the 
so-called programmable designs and 
free-suspension approaches (such as 
electrostatic, cyrogenic, and particle con- 
tainment systems) are still of interest 
to the Air Force. But they point out 
that there are certain trade-offs with 
these systems, growing out of require- 
ments for such things as extremely 
precise voltage controls and pulse meas- ~ 
urements, which may argue for some 
other systems for particular missions. 

For example, the Air Force in recent 
years has supported work at the Arma 
Div. of American Bosch Arma in de- 
velopment of a series of vibrating string 
accelerometers (M/R, July 9, 1962, p. 
32) redesigned from initial high-g op- 


eration to also encompass various low-g 
applications. While these systems are 
viewed as relatively fixed in terms of 
| operating range, they are also considered 
highly stable for whatever range they 
are designed for, and this direct force- 
to-frequency type of transducer yields 
perhaps the “purest” digital output. 

Output characteristics of the various 
accelerometer approaches are extremely 
important because of considerations im- 
posed by the various telemetry and on- 
board computer systems with which 
they will work. 

Earlier this year, Arma delivered a 
new “Sub-Micro G” version of its 
vibrating-string series to Wright-Pat- 
terson. While details on the devices 
are classified, it is believed that they 
can operate at levels somewhere below 
10° g. To get very low-g measurement 
from this approach generally requires 
enlargement of the accelerometer mass 
and modification of the vibrating strings. 

Arma has taken the same basic de- 
vice and modified the read-out system 
in a proposal submitted to NASA for 
use of the vibrating-string method as an 
orbiting gradiometer. 

The vibrating string devices nor- 
mally consist of two proof-masses sup- 
ported by two or three so-called vibra- 
ting strings, which are actually very thin 
beryllium copper tapes under tension 
and in a magnetic field. The tapes’ natu- 
ral vibrating frequencies and changes 
induced by their motion in the magnetic 
field provide a measure of the forces 
acting on the proof-masses. 

The Air Force will continue to look 
hard at devices which have the ad- 
vantage of an uncomplicated digital 
Output, and will also extend its efforts 
into development of new solid-state ac- 
celerometers using no moving parts and 
said to be somewhat “more exotic” than 
the vibrating-string approach. 

An example of things to come may 
be found in the study recently com- 
pleted for the Air Force by the Auto- 
netics Div. of North American Aviation. 

Autonetics has developed an ap- 
proach to a cantilever beam accelerom- 
eter which uses a silicon bar with a 
tunnel diode doped into it to create a 
p-n junction on the surface. AF engi- 
Meers explain that an external strain 
will cause the tunnel diode in the 
oscillator circuit to shift frequency. The 
dynamic range of the bar can be varied 
by shaving the bar very thin and en- 
larging the mass. The Air Force does 
not expect to extend the performance 
state of the art with this device, but 
engineers feel that this may be a good 
way to get useful low-g accuracies with 
improved reliability, low power, and 
low cost. 

Engineers at Wright-Patterson say 
the results of the Autonetics study 
“looked good,” and that some units 
might be built in the future. i 
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PCM D/A Converter 


New 20 Channel D-A Converter ‘‘Package”. 


Se. “eeputemet Quakes " 
AEFEASE LECTPAWIER tHE, RORITRLLE, mo 
Tea COMMEAIER WOKE DAC-2~ 


® Self-Contained Calibrator 

8 Integral Binary Display 

® Self-Contained Power Supply 
® High Linearity and Stability 


The new modular DAC-2 from Defense Electronics, Inc. offers line- 
arity of -&.1% and overall accuracy of =:.25% for digital-to-analog 
data conversion in PCM sub-systems . . . plus a self-contained calibra- 
tor and power supply. 


The compact unit has 20 eight-bit, digital-analog converter channels, 
each with its own integral binary display. Storage of data samples in 
each channel is shown by eight incandescent lights. 


A versatile and flexible d-a converter “package”, DAC-2 permits cali- 
bration of any one or a selected group of channels without disturbing 
operation of remaining channels. Monitoring of percent of full-scale 
and output voltages by front-panel meters is also provided. Thumb 
wheel switches select the channels to be metered. 


Input of each module is eight data lines and one transfer line and 
output furnishes sufficient current for driving analog displays, record- 
ers and galvanometers. The unit will operate at word rates up to 100ke. 


Ask for the DAC-2 Bulletin... Watch DEI 
Defense Electronics, Ine. 


D E ROCKVILLE, MD. (301) 762-5700, TWX: 301- 


RESEARCH 427-4660; SHERMAN OAKS, CALIF. (213) 872- 
DEVELOPMENT 2870, TWX: 213-732-2742; COCOA, FLA. (305) 
MANUFACTURING 632-5442; INT’L., ROCKVILLE, MARYLAND. 
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SPAGE ELECTRONICS 


GEC Camera Meets Needs of Saturn 
Test Monitoring, Lunar Exploration 


Moon TV system is only one space-rated and approved by NASA; 
camera qualifies for wide variety of space and ground uses 


GARLAND, TEX.—An unusually rug- 
ged TV instrumentation camera devel- 
oped here by General Electrodynamics 
Corp. has been designed primarily for 
operation in severe missile and space 
environments. So far it has not been 
applied operationally, nor are there any 
firm plans for its employment in the 
near future, except by engineers at 
Marshall Space Flight Center. 

Tested at Huntsville by Marshall 
engineers for possible use in monitoring 
Saturn V engine tests, the tiny 10-Ib. 
device met all requirements satisfac- 
torily. Similarly tested by the U.S. Geo- 
logical Service under simulated lunar 
conditions in Flagstaff, Ariz., for pos- 
sible use by NASA lunar explorers of 
the future, it again successfully met all 
requirements. However, GEC was not 
even invited to bid on the recently 
awarded contract to supply portable TV 
monitors for the Apollo astronauts. The 
firm has submitted a bid to Boeing for 
the Saturn V flight-test application, but 
no award has been announced. 

Except for a 2-in.-dia. hybrid vidi- 
con, the camera system employs all- 
transistorized circuitry, occupying a 
total of 0.17 cu. ft. of space. The cam- 
era itself measures 2.5 in. in dia. by 
approximately 6 in. in overall length. 
Total camera weight is less than two 
pounds. The associated camera control 
unit weighs just over 8 Ibs., and meas- 
ures 5.5 x 6.5 x 4.75 in. 

Operating on either 24-36 v de or 
105-125 v, 60-cycle ac, the system pro- 
vides essentially a constant output from 
10-10,000 ft.-candles of target illumina- 
tion and a consistent 500-line resolution. 

@ Lunar study—Tests of the cam- 
era by Geological Service officials (June 
8-12) were performed to determine 
astronaut mobility needs and problems 
that could occur in lunar-surface ex- 
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by Charles D. LaFond 
ploration. The study centered on use 
of a hand-held TV camera while per- 
forming geological investigations. 

The USGS project for NASA was 
headed by E. M. Shoemaker. Terrain 
chosen for this experiment was at the 
Bonita Lava Flow, located in Sunset 
Crater National Park. A GEC model 
ED 6038 camera head was mounted on 


PRACTICALITY of portable TV for lunar 
geological studies was demonstrated with 
GEC system in simulation in Arizona. 
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a staff directly under an inclinometer. 
The output cable was fed to the back 
pack on the “astronaut,” which con- 
tained the control unit for his camera 
head, battery pack, and a small GEC- 
designed transmitter tuned to channel 6. 

The particular GEC lunar television 
system was selected because it is the 
only space-rated and approved tele- 
vision system certified by NASA. 

The Arizona lunar TV experimenta- 
tion test is indicative of the fact that 
geologists and engineers someday will 
be taking their places alongside of the 
lunar astronauts. Part of the mission 
test or profile was laid out on the lava 
flow in such a way that the astronaut 
knew precisely where to walk. The 
pressure-suited operator, during the 
course of his mission, was required to 
notice peculiar rock formations. He 
then focused the television camera on 
this formation and explained in detail 
the structure of the rock to a geologist. 
The latter, in actual conditions, would 
be viewing a TV monitor in the Apollo 
Command Module, which would be or- 
biting the Moon while the astronaut was 
exploring the surface. 

In the Arizona test, however, the 
simulated orbital vehicle was an Army 
van which housed monitor equipment. 
The mission profile continued for four 
days and at different times so that Sun, 
shadows, and other diurnal variations 
could be taken into account. Thus, it 
was possible to evaluate overall picture 
quality of the TV and for the geologists 
to determine their overall ability to ana- 
lyze rock formations expected to be en- 
countered on the Moon by TV means. : 
The quality of the resultant pictures was | 
extremely good, according to USGS and — 
NASA officials, and it was shown that 
geological analyses could be made re- 
motely. 


. 


continuing its emphasis on greater air 
safety, the Federal Aviation Agency is con- 
Jucting intensive R&D work to improve 
weather reporting. In an important step 
orward, Westinghouse is designing and 
Juilding for FAA evaluation two prototype 
systems which will transmit ultra-clear 
neather pictures from remote radar sites 
0 the air traffic control centers. 

The new Westinghouse system com- 
oresses radar-detected weather signals 
rom remote stations and transmits them 


with a new Westinghouse picture transmitting system 


to the control center over a conventional 
telephone line. In this manner a composite 
weather map of the region is instantly 
available to air traffic controllers. 

Heart of the Westinghouse system is a 
vidicon type storage camera which is spe- 
cially designed for slow scan or delayed 
readout applications. For the FAA system, 
readout will be on a two-minute frame 
basis, providing a brilliant, high-resolution 
image of slowly changing weather patterns 
on the air traffic controllers’ displays. 


The prototype systems, to be in opera- 
tion at FAA sites on the East Coast by late 
1964, represent a growing family of 
Westinghouse equipment for civilian air- 
craft and airport traffic control. These 
special-purpose systems are typical of 
Westinghouse capabilities in the design 
and manufacture of advanced electronic 
systems for defense and space. For infor- 
mation, write to Westinghouse Electric 
Corporation, P.O. Box 868, Pittsburgh, 
Pennsylvania 15230. 


3.02368 


You can be sure if it’s Westinghouse 
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FOR BOOSTER MONITORING in 


® Booster monitor—Real-time mon- 
itoring by TV of large booster engines 
offers many advantages not obtainable 
by any other approach. The problem in 
the past, however, has been the severe 
environment—not just the temperature 
Variations in close proximity to engines, 
but severe vibrations and g-loadings. 

Photographic means have been used 
in the past, but damage to the film has 
been commonplace. Quality has gener- 
ally been poor. 


‘ 


static and flight tests, tiny TV camera is located just above engines. 


In May, 1963, GEC was awarded a 
$150,000 contract by Marshall Space 
Flight Center to build 15 TV systems for 
experimental use in big booster moni- 
toring. The first was delivered in nine 
months and it successfully passed all 
environmental tests. 

The remaining 14 systems, delivered 
during the next year, were then slated 
for more extensive lab tests (four units), 
and for use in monitoring static tests of 
the Saturn 1-C liquid engines (F-1). 


ELECTRICAL SPECIFICATION FOR GEC 
TV INSTRUMENTATION CAMERA 


OPTICAL 


Scene Illumination Recammended 
Scene IIluminatian for Usable Pictures 
Lens . 

Aspect Ratia, ‘Height to Width | 

Calar Respanse 


ELECTRICAL 


Input Pawer 
With Canverter 
Battery Operated 
Scanning 
Harizantal Frequency 
Vertical Frequency 
Interlace 
Pick Up Tube 
1/2 IN. Vidican, Electrastatic Facus . 
Resalutian . 
Grey Scale Repraductian 
Sweep Linearity 
Keyed Clamp 


Sensitivity 
Autamatic Target Cantral 


Canstant Videa Output 
Videa Output 
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10—10,000 ft. candles 
0.5—1 ft. candle 
. 8 mm “D" maunt 


105—125 VAC, 60 cps 
24 ta 36 VDC, 15 watts 


. TD 1305 

500 lines 

10 steps 

Better than +1% 
Reduces law frequency interference 
Pravides far canstant black level 

0.5—1 ft. candle pravides usable pictures 
10 ft. candles pravide 1.4 V PP campasite 


10—10,000 ft. candle input 
1.4 V PP inta 75-ahm laad 
.. Standard Braadcast EIA 
(8) a] 60-cycle line-lack aperatian 
Electranically regulated pawer supply 
halds picture stable aver entire input 
range, 24 ta 36 VDC 

Sampling af yake currents assures vidican 
pratectian in the event af sweep failure ar 
sweep amplitude reductian 


® Design objectives—To meet mis- 
sile/space test needs, the GEC system 
design provides a composite video out- 
put with standard EJA synchronization, 
a self-contained sync generator (capable 
of being locked to a 60-cycle power | 
line), provision for a use of a separate 
sync generator, vidicon protection cir- 
cuitry, automatic target voltage control, 
lower power needs and high reliability. 

Provided with a stainless-steel, ex- 
plosion-proof enclosure and_ specially 
designed lenses, the units have success- 
fully survived up to 35-g random vibra- 
tion and 60 g’s for three seconds in each 
of three axes. Units are rated for at least 
100-g shock over 11 msec. 

As noted earlier, the GEC TV sys- 
tem is the only TV camera space-rated 
by Marshall SFC, and officials there 
are adamant in their praise for its opera- 
tional performance. 

Some of the units have been used in 
Saturn-1 static tests. Others are awaiting 
completion of the big Saturn 1-C booster 
test stand at Huntsville before seeing 
operational use. Some of the cameras 
are slated for another space program 
not yet announced by Marshall. 

Other tests experienced successfully 
by the cameras under a continuing 
study effort by Marshall included ex- 
posure in the horn itself of Marshall’s 
large acoustic test system. There} the 
TV cameras were subjected to a contin- 
uous sound intensity of 185 db without 
any noticeable picture degradation. 

For the future, MSFC engineers in- 
tend to subject one or two of the units 
to tests carried through to destruction, 
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just to find out what the equipment can 
actually withstand. 

Electrical performance of the cam- 
eras is rated by MSFC researchers as 
“ideal.” 

@ Camera details—The camera head 
contains a ruggedized 5.5-mm, F/1.8 
‘lens housed in a special collet mount 
| designed to maintain its initial focus set- 
' ting and overall stability. 

! The lens images the object to be 
viewed onto the faceplate of a TD 


| which transforms the image into elec- 
| trical signals. The vidicon preamplifier 
‘is a potted module that surrounds the 


faceplate flange. It boosts the video sig- 
nal to a level sufficient for driving up to 
150 ft. of camera control cable. Im- 
mediately behind the preamplifier mod- 
ule is a special totally encapsulated de- 
' flection yoke and filter module. This 
assembly fits tightly into the camera 
shell in such a manner that extraction 
and insertion of the vidicon tube can 
be easily performed without disturbing 
the remainder of the assembly. 

The camera head, which is only 1% 
in. in overall diameter, is provided with 
specially treated rings which mate with 
similar rings in the interior wall of the 
outer environmental sleeve for the pur- 
pose of damping out vibration, shock 
and noise—preventing their transmis- 
sion to the main body of the camera. 

For Saturn, and similar projects, the 
camera head and the environmental 
sleeve fit tightly inside an accurately 
machined aluminum sphere contained in 
the camera mount. In a typical installa- 
tion, this mount is attached to steel struts 
in the booster engine compartment just 
above the flame shield. The camera, in 
a metal sphere, is swivelled into the op- 
timum position for observing the object 
and is then locked firmly in place by 
means of a single lever seen on top of 
the mount. This requires no tools to 
mount, adjust or lock. 

® Other applications—The GEC 
camera could be used on other space 
programs to monitor stage separation 
and is believed ideal for many ground 
applications where environmental con- 
ditions prohibit direct observation or the 


it 


use of common commercial cameras. | 


These would include blast-furnace mon- 
itoring, in areas of extreme noise or 
vibration. Certain other problems for 
which the camera may well be a solu- 
tion include terrain surveillance from 
slow-flying aircraft or helicopters, moni- 
toring control and test functions in con- 
ditions of high vibration such as prevail 
in the region of the pitch control mecha- 
nism of helicopter rotor blades, observa- 
tion of control surfaces in supersonic 
flight tests, and relaying of instrument 
Teadings to ground observers without 
communications path errors. o 


-1305A ruggedized half-inch vidicon . 


vidicon tube immediately behind the | 
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Mud 
in your 
hose-wheel 


Steering ? 


PROBLEM: 

Adverse weather conditions cause faulty opera- 
tion of the sensing potentiometer in the Nose- 
Wheel Steering. Mud, water, abrasive elements, 
noise and vibration cause serious inaccuracies 
in transmitting information. 


SOLUTION: 

G. L. Collins’ A.C. or D.C. linear transducer! A 
complete system, including a sealed pick-off 
transducer for this application has been proven 
successful. This system will fit most current 
applications without redesign of the present 
housing. All friction, noise or environmental 
conditions are eliminated. The G. L. Collins 
transducer can be used in either A.C. or D.C. 
application. 


EXPERIENCE: 

Eight years of successful applications in Mili- 
tary and Commercial Aircraft. The G. L. Collins 
transducers are now being used on projects by 
North American Aviation, Chance Vought, and 
McDonnell Aircraft Corporation. 


SPECIFICATIONS: 

The system is designed for aircraft applications 
and is operational on 28 volt-400 cycles, or 
24 volt D.C. © Transducer pick-offs are 
mounted with rod-end bearings © Infinite 
resolution and wide temperature ranges 
(—120°F to 400°F) = Large displacement 
measurements (Aircraft application: = 1.5”) 
ws System designed to meet your specifications 
(Requirement of MIL-E-5272C) 


SIGNAL 


CONTROL SY. 
C) STEM 


a TRANSDUCER 


NOSE WHEEL 


Write or Call: Engineering Dept. 634-6863 


G.L. COLLINS CORPORATION | 


2820 E.Hullett Street, Long Beach 5, California 
: = > (213) NEvada 6-8141 + Metcalf 0-3121 + TWX: 634-4095 
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LOOK WHAT DOUGLAS IS DOING NOW! 


NASA/DOUGLAS S-IV BECOMES 
WORLD'S HEAVIEST SATELLITE 
(19 TONS). Orbited earlier this year, the 
Douglas-built upper stage of Saturn 1 is the 
largest liquid hydrogen vehicle ever launched 
by the U.S. Its success means we’re on target 
en route to the moon. 


THE DOUGLAS AEROPHYSICS LABORA- 
TORY IS TESTING RE-ENTRY SHAPES 
in this and other wind tunnels, Studies apply 
directly to present and proposed defense and 
space programs. This Douglas facility can simu- 
late speeds up to 23,000 miles per hour for re- 
search on such factors as heat and shear effects. 


TO KEEP ON TARGET with new, more effective missiles, 

Douglas is exploring advanced techniques in relation to pres- Va 

ent tactical and strategic military problems, It is drawing on 

experience gained in producing more than 40,000 missiles DOUGLAS 

relating to air-to-air, air-to-ground, ground-to-air and ground- 

to-ground missions. MISSILE & SPACE SYSTEMS DIVISION 


The Industry Week 


Mergers and Acquisitions 


Amphenol-Borg Electronics Corp. directors 
have agreed in principle to the acquisition of 
Cadre Industries Corp., an Endicott, N.Y., elec- 
tronics manufacturer, through a stock exchange 
of one share of A-B common for four of Cadre. 
Final acquisition is subject to Cadre stockholder 
approval, agreement on legal details and a year- 
end audit of Cadre. ... Belock Instrument Corp., 
College Point, N.Y., has acquired control of Re- 
public Electronic Industries Corp. of Huntington, 
N.Y. REI recently received confirmation of a re- 
organization under Chapter XI of the National 
Bankruptcy Act. It manufactures Tactical Air 
Navigation (TACAN) and single sideband com- 
munications equipment.... The Allegany Instru- 
ment Co. and MB Electronics, both divisions of 
Textron Electronics, Inc., have been consolidated. 
Allegany’s test instrumentation operations will 
be moved from Cumberland, Md., to MB’s facil- 
ities in New Haven, Conn. . Ling-Temco- 
Vought, Inc., has offered to buy its common stock 
from persons holding 10 shares or less. The offer 
includes payment of brokerage fees and transfer 
taxes. The move is an effort on the part of LTV 
to save the cost of mailing dividends, proxy state- 
ments, annual reports and other literature to 
smaller shareholders. 


Missile/Space Facilities 


Air Reduction Pacific Co., a division of Air 
Reduction Co., Inc., has dedicated a new air 
separation plant in Vancouver, Wash. In addition 
to missile/space requirements, the facility is to 
serve the food processing and refrigeration, 
metalworking, and shipbuilding industries. The 
multi-million-dollar plant can produce 160 tons 
a day of liquid oxygen, nitrogen and argon..... 
Mesa Scientific Corp. has begun major expansion 
of its Pasadena, Calif., systems programming and 
other computer software facilities. The expansion 
follows the merger of Mesa’s Inglewood, Calif., 
activities and the Systems Programming Corp. 
of Santa Ana, Calif. (M/R, Oct. 12, p. 41). Mesa 
provides the Jet Propulsion Laboratory in Pasa- 
dena with computer programming services... . 
The Atomic Energy Commission plans to provide 
$3 million toward the cost of a cyclotron facility 
on the campus of the University of Maryland, 
College Park, Md. The University is to enlarge 
its physics building to accommodate the facility 
and will provide all needed funds in excess of the 
$3 million. ... Sylvania Electric Products, Inc., 
has announced plans for construction of a $750,- 
000 metallurgical building in Towanda, Pa., con- 
taining 59,325 sq. ft. of space. The new building 
wil be an addition to Syvania’s Chemical and 
Metallurgical Div. and is to be completed by Sep- 
tember, 1965. The Chemical and Metallurgical 
Div. is a basic manufacturer of tungsten and 
molybdenum products, phosphors, chemical and 
semiconductor materials. ... Dow Corning Corp., 
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Midland, Mich., has completed construction of a 
technical service and development laboratory de- 
signed to serve the wire and cable industry. The 
lab will be used to develop and evaluate insulating 
materials, to study new production techniques 
and to offer technical service and training to wire 
and cable companies. 


In the Courts 


Sperry Gyroscope Co., which won a Federal 
court “piracy” judgment against National Semi- 
conductor Corp. in October, has brought attach- 
ment proceedings against the firm in Connecticut 
Superior Court. Sperry says that NSC has not 
posted the $500,000 bond stipulated by Connecti- 
cut Superior Court following the Federal court 
decision that NSC personnel had brought to the 
Danbury, Conn., firm certain trade secrets from 
Sperry, where they formerly worked. NSC an- 
nounced plans to appeal the Federal court deci- 
sion after it was announced, but Sperry said that 
to its knowledge no such appeal has been filed. 
NSC officials temporarily suspended normal ship- 
ping and operation after the attachment, but, 
according to the firm, resumption of shipments 
was made possible by a court order based on a 
stockholder petition for protection of NSC against 
the attachment action. .. . Technical Measure- 
ment Corp., New Haven, Conn., has filed a patent 
infringement suit against Nuclear-Chicago Corp. 
of Des Plaines, Ill. TMC charges that N-C is 
manufacturing a computer that infringes upon 
TMC’s patented multi-purpose Computer of Aver- 
age Transients used in medical laboratories to 
study human responses. TMC has asked for a 
“oreliminary and final injunction against further 
infringement by defendant and those controlled 
by defendant; an accounting and judgment for 
damages arising out of defendant’s infringe- 
ments; an assessment of costs against defendant 
and an award of reasonable attorney’s fees to 
plaintiff; and such further relief as the Court 
may deem proper.” 


Potpourri 


Indiana University’s Aerospace Research Ap- 
plications Center has announced a new pricing 
policy providing three price levels for its R&D 
services to various sized companies. Lowest an- 
nual fee will be $750 for a basic services package, 
intended primarily to meet the needs of small 
business. The smallest full service fee to limited 
points in a company will be $1,500. For larger 
companies, or those with extensive R&D pro- 
grams, the cost will be $5,000 or more... . The 
Rand Corp. of Santa Monica, Calif., has granted 
a license to Data Equipment Co. of Santa Ana, 
Calif., to produce a new digital computer and 
graphic input system. The rights to produce and 
market the man-machine communication device 
are non-exclusive. 
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—tontracts and procurements 


AWARDS 


AIR FORCE 


$9,000,000—TRW/Space Technoiogy Laboratories, 
Redondo Beach, Calif., to produce within the 
next two years a space ground link subsystem 
(SGLS) consisting of eight vehicle packages 
and a demonstration ground station. 

$1,126,000—Sperry Rand Corp., Great Neck, N.Y., 
for production of training materials for ad- 
vance range instrumentation ships. 

$1,000,000—Aerojet-Generai Corp., Azusa, Calif., 
for a very large monolithic glass fiber plastic 
rocket motor case. 

$515,000—Yardney Ejiectric Corp., New York City, 
to supply rechargeable silver-zinc batteries and 
cells to furnish up to three hours of emergency 
power in case of generator failure. 

$232,700—Martin Marietta Corp., Denver Colo., 
for engineering support for the Titan WH 
weapon system. 


$192,000—McDonneil Aircraft Corp., St. Louis, 
for the ASSET program. 
$182,000—Deicon Corp., Palo Alto, Calif., for 


non-destructive test equipment. 
$88,500—Generai Motors Corp., Allison Div., In- 
dianapolis, ind., for solid rocket motor vehicle 
optimization. 
$73,680—Aerojet-Generai Corp., 
Operation, Sacramento, Calif., 
engineering support services. 
$52,375—Internationai Business Machines Corp., 
Bethesda, Md., for bioastronautics laboratory 
research tool study. 
$49,723—AeroChem Research Laboratories, Inc., 
Princeton, N.J., for determination of rocket 
parameters by ionization probes. 


$41,500—TRW/Space Technoiogy Laboratories, 
Redondo Beach, Calif., for statistical analysis 
of Titan propulsion systems. 


Liquid Rocket 
for Titan HI 


ARMY 


$3,797,442—-Eastman Kodak Co., Holston Defense 
Corp. (division), Kingsport, Tenn., to make 
various propellants and explosives. 

$3,463,000—PRD  Eiectronics, Inc., Brooklyn, 
N.Y., for microwave calibration test sets. 

$2,376,604—Sperry Rand Corp., New York City, 
for continued assembly of Sergeant missiles at 
Salt Lake City. 

$2,138,000—Nortb American Aviation, Inc., Co- 
lumbus, Ohio, for continued engineering serv- 
ices on Roadrunner target missiles. 

$2,079,483—Radio Corp. of America, Communica- 
tions Systems Div., Camden, N.J., for a classi- 
fied program. 

$564,000—Systron-Donner Corp., Concord, Calif., 
for frequency measuring instruments. 

$492,000—The Hailicrafters Co., Chicago, classi- 
fied development contract for electronic equip- 
ment. 

$469,970—Northrop Corp., Anaheim, Calif., for 
engineering services for the Hawk loader trans- 
port. 

$414,400—Phiico Corp., Newport Beach, Calif., 
for maintenance and rehabilitation of Shillelagk 
facilities. 

$366,507—Sperry Rand Corp., 
Utah, for modifications to Sergeant 
systems. 

$66,122—ITT Federai Laboratories, Nutley, N.J., 
for engineering services and materials for sub- 
system alignment and repair of a transportable 
satellite communications terminal, 


$42,000—Raytbeon Co., Andover, Mass., for re- 
pair parts for Hawk missile system. 


Salt Lake City, 
missile 


NAVY 


$9,085,438—Sperry Rand Corp., Great Neck, N.Y., 
for technical assistance and field engineering on 
navigation systems for Polaris missile firing 
submarines. 
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$8,120,000—General Eiectric Co., Pittsfield, Mass., 
for repair and retrofit of Polaris MK 2 guid- 
ance system gimbal assemblies and _ inertial 
components. 

$7,145,700—The Bendix Corp., Radio Div., New 
York City, to provide continued maintenance 
and operation services at various sites on the 
Pacific Missile Range. 

$5,100,000—Interstate Engineering Corp., Inter- 
state Electronics (subsidiary), Anaheim, Calif., 
for the development and production of Polaris 
operational readiness instrumentation. 

$4,449,000—Radio Corp. of America, Communica- 
tions Systems Div., Camden, N.J., for classified 
electronic equipment. 


$1,775,000—Honeywell Inc., Seattle, for the first 
large-scale application of microelectronics to 
a major communications program. 


$1,621,100—Nortb American Aviation, Inc., Ana- 
heim, Calif., for manufacture of a Polaris 
navigation training center for the United King- 
dom, 


$1,515,753—Western Eiectric Co., New York City, 
for continued engineering work in support of 
the Terrier, Tartar and Talos programs. 


$388,006—Vitro Corp. of America, Vitro Labora- 
tories Div., Silver Spring, Md., for engineering 
services and studies related to ASW fire-control 
systems. 


$243,349—McLaughlin Research Corp., New York 
City, for services to monitor, analyze and re- 
port on Polaris repair parts program manage- 
ment plans. 


$125,000—Lockheed Missiies & Space Co., Sunny- 
vale, Calif., for deep launch test of the A-2 
and A-3 Polaris missile. 


$95,000—Bunker-Ramo Corp., Defense Systems 
Div., Canoga Park, Calif., for a hybrid com- 
puter study that may define the standard Navy 
computer of the future, 


$71,385—Dei Mar Engineering Labs, Los Angeles, 
for tow target launchers, 


$45,000—New York University, New York City, 
for extension of a term contract for research 
and development of explosive liquid monopro- 
pellants. 


$28,900—Lear Siegier, Inc., Laser Systems Center, 
Ann Arbor, Mich., for laser range and bearing 
system. 


NASA 


$1,187,828—Consoiidated Systems Corp., Pomona, 
Calif., to design the technical systems for an 
extension to the Components Test Facilities at 
Marshall Space Flight Center. 


$466,000—Syivania Eiectric Products Inc. New 
York City, to design and develop a ‘‘counter- 
spun” antenna for an advanced technological 
satellite that will spin like a gyroscope as it 
circles the Earth in a 22,000-mile-high orbit. 


$375,241—Douglas Aircraft Co., Santa Monica, 
Calif., for preliminary design of an integrated 
isotope power supply for MORL. 


$365,000—Ling-Temco-Vought, Ine., Dallas to 
test Apollo and Gemini prototype spacesuit 
assemblies in a vacuum under extreme heat and 
cold. 


$242,141—Nortbrop Corp., Hawthorne, Calif., for 
study of man’s physical capabilities on the 
Moon. 


$103,300—Radio Corp. of America, Princeton, 
N.J., for miniaturized single camera AVCS. 


$96,000—University of Chicago, Chicago, for cos- 
mic ray electron experiment, associated equip- 
ment and support for OGO-E. 


$90,861—Borden Chemicai Co., Philadelphia, for 
separators for silver oxide zinc and silver oxide 
cadmium cells for spacecraft. 


$67,607—Motoroia, Inc., Scottsdale, 
Apollo up data link system. 


$67,500—TRW/Space Technoiogy Lahoratories, 
Redondo Beach, Calif., for spherical electro- 
static analyzer experiments. 


$65,178—General Atomic Diy., Generai Dynamics 
Corp., San Diego, Calif., for study of collisions 
of Electrons and ions with hydrogen atoms. 


Ariz., for 


missiles and rockets, December 7, 1964 


$45,252—Beii Aerosystems Co., Buffalo, N.Y., for 
technical representative services. 


$34,600—Radio Corp. of America, Astro-Electron- 
ics Div., Hightstown, N.J., for data correlation 
and model development. 


$33,355—Westinghouse Eiectric Corp., Baltimore, 
for Ariel 11 post-launch data analysis. 


$31,700—Airborne Instruments Lab., Deer Park, 
N.Y., for planetary (Mars and Venus) ion- 
ospheres study program. 


$25,000—J. ¥. Freeman Associates, Inc., Silver 
Spring, Md., for ionospheric refraction study. 


INDUSTRY 


$7,000,000—Generai Precision, Inc., Link Group, 
Palo Alto, Calif., from Grumman Aircraft 
Engineering Corp., Bethpage, N.Y., to design, 
develop and produce a LEM mission simulator. 

$3,800,000—Radio Corp. of America, New York 
City, from the Grumman Aircraft Engineering 
Corp., Bethpage, N.Y., for the descent engine 
control assembly for the LEM. 


$1,000,000—Internationai Harvester Co., Solar 
Div., San Diego, Calif., from North American 
Aviation, Inc., Rocketdyne Div., Canoga Park, 
Calif., for heat exchangers to be used in the 
Saturn V space booster. 


$550,000—Varian Assoclates, Palo Alto, Calif., 
from Generai Dynamics, Pomona Div., Po- 
mona, Calif., for microwave tubes to be used 
in the Terrier and Tartar programs. 


$313,980—Radio Corp. of America, Missile and 
Surface Radar Div., Moorestown, N.J., from 
MIT Lincoin Laboratory, Cambridge, Mass., 
for engineering services associated with the 
PRESS program. 


$250,000—Consolidated Vacuum Corp., Rochester, 
N.Y., from North American Aviation, Inc., 
Atomics international Div., Los Angeles, to 
supply vacuum system and engineering for a 
nuclear testing facility to be built for the 
Atomic Energy Commission, 


$184,725—Radio Corp. of America, Communica- 
tions Systems Div., Camden, N.J., from the 
Boeing Co., Seattle, for Minuteman provisional 
parts. 


$165,000—Eiectro-Optical Systems, Inc., Pasadena, 
Calif., from Generai Precision, Inc., Link 
Group, Palo Alto, Calif., for the design and 
construction of a data-recovery subsystem for a 
spacecraft television ground data-handling sys- 
tem to support the Surveyor project. 


$69,000—Technicai Operations, Inc., Becham & 
Whitley, inc., (subsidiary), San Carlos, Calif., 
from North American Aviation, Space and In- 
formation Systems Div., Tulsa, Okla., to pro- 
duce destructor assemblies for the Hound Dog 
missile. 


$65,000—Varo Inc., Garland, Tex., from Sperry 
Rand Corp., Sperry Gyroscope Co., Great 
Neck, N.Y., to build static inverter systems for 
shipboard inertial guidance systems. 


ATOMIC ENERGY COMMISSION 


$1,400,000—Generai Teiephone and Eiectronics 
Corp., Sylvania Electric Products Inc., Hicks- 
ville, N.Y., for the production of fuel cores 
for two nuclear power generating plants in- 
cluding one in the Antarctic. 


REQUESTS FOR BIDS 


GENERAL PROCUREMENTS 


National Aeronautics and Space Administration 
Washington, D.C. 20546 

NASA is negotiating with Space General Corp., 
El Monte, Calif., and Philco Corp., Aeronutronic | 
Diy., Newport Beach, Calif., for a study of a 
survivable capsule for the lunar survey probe. For 
information only; RFP not available. 


_ Purchasing Office 
George C. Marshall Space Flight Center 
Huntsville, Alabama 35812 
Attn: Mr. J. M. Stuart 

Negotiations are being conducted with Aerojet- 
General Corp. for studies of meteoroid impact 
simulation by magnetic gradient particle accelera- 
tion techniques. This is a continuation of a previ- 
ous study. For information only; RFP not avail- 
able. 


| Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 


Negotiations will be conducted with General 
Dynamics/Astronautics, San Diego, Calif., “for 
experimental and evaluation studies of a coaxial 
plasma gun aecelerator. For information only; 
RFP not available. 
| 


Directorate of R&D Procurement 
Systems Engineering Group 
Research and Technology Division 
Wright-Patterson AFB, Ohio 


Negotiations to be conducted with Lesells and 
Associates, Waltham, Mass., for a continuation of 
research on acoustic emission in metals under 
stress. For information only; RFP not available. 


_ Contracting Officer 
National Aeronautics and Space Administration 
Langley Station 
Hampton, Virginia 

Negotiations are being conducted with Ion 
Physics Corp., to expand the scope of an existing 
‘contract to include operational data tests to de- 
termine the operational limits of a micrometeoroid 
impact simulator. For information only; RFP not 
available. 


Contracting Officer 

National Aeronautics and Space Administration 
Langley Station 
Hampton, ‘Virginia 

| Negotiations are being conducted with Control 

Data Corp., Minneapolis, for a theoretical investi- 
gation of information limits of scanning optical 
systems. For information only; RFP not available. 


John F. Kennedy Space Center 
National Aeronautics and Space Administration 
Cocoa Beach, Florida 32931 


Negotiations will be conducted during the 
month of December with the Chrysler Corp., 
Space Div., New Orleans, La., for operation and 
maintenance support for the Saturn S-1B program. 
Work will include updating of ground support 
equipment. It is suggested that small business 
firms or others interested in subcontracting oppor- 
tunities in connection with this contract should 
make direct contact with Chrysler. 


Directorate of R&D Procurement 
Systems Engineering Group 
Research and Technology Division 
Wright-Patterson AFB, Ohio 


Negotiations will be conducted for research 
and experimentation to evaluate various cryogenic 
cooling methods and components. Government re- 
search facilities and materials will be furnished 
and made available for use by contractor person- 
nel. Last day for honoring requests for the RFP 
will be Dec. 16, 1964. RFP 20315. ~ 


National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 


Negotiations will be conducted with Lockheed 
Aircraft Corp., Missiles & Space Co., Sunnyvale, 
Calif., on a contract to provide services to ensure 
Lockheed-controlled aerospace ground equipment 
support of the Fire IJ mission. RFP due date 
Dec. 8, 1964. This notice issued for the benefit 
of prospective subcontractors with appropriate 
security clearance so that they may contact Lock- 
heed directly. 


National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 

LRC will negotiate with Lockheed Missiles and 
Space Co., Sunnyvale, Calif., on Agena loads, 
data and qualification tests of the Agena long 
shroud, RFP not available. This notice is issued 
for the benefit of potential subcontractors. 
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TACTICAL MISSILES 


Extensive activity in the development of tactical missiles offers a 
variety of opportunities to engineers and scientists. Specifically, 
these opportunities are in the following fields: 


MISSILE AERODYNAMICS 


Conduct analytical and experimental studies to determine basic 
aerodynamic characteristics of advanced tactical missile designs. 
Establish propulsion system requirements using estimated aero- 
dynamic characteristics. 


FLIGHT DYNAMICS 


Initiate and conduct advanced analyses in flight dynamics and 
dynamic behavior of closed loop systems with the aid of analog 
computers and dynamic flight simulators for determining 
advanced tactical missile design requirements. 


DESIGN INTEGRATION 


Conduct preliminary design integration studies including 
interface compatability, logic, information flow and power dis- 
tribution. Conduct preliminary vehicle sizing with a working 
knowledge of trajectory analyses, propulsion performance and 
component design. 


VIBRATION AND FLUTTER 


Conduct vibration and flutter analyses of advanced tactical 
missile configurations: Develop advanced analytical techniques 
for determining vibration and flutter characteristics. 


PROPULSION 


Originate and conduct analyses of advanced tactical missile 
propulsion system including solid, liquid and hybrid rocket 
engines and air breathing systems. Investigate new propulsion con- 
cepts and determine applications for advanced tactical missiles. 


GROUND SYSTEMS 


Formulation of requirements and preliminary system design 
of automatic and semi-automatic electronic checkout equipment 
for missile and ground systems. Determine requirements for mis- 
sile handling and service equipment including mechanical, elec- 
tromechanical, electrical, and fluid systems. 


ORDNANCE 


Perform analysis, preliminary design and integration of war- 
heads and conceptual mechanizations for fuzing systems for non- 
nuclear and nuclear warhead systems. 


FLIGHT MECHANICS 


Initiate and conduct studies to develop methods for determin- 
ing the trajectory which maximizes a desired trajectory character- 
istic for a given set of constraints. Requires a strong background 
in mathematics, including a working knowledge of the calculus 
of variations, gradient methods, and dynamic programming. 


To arrange to visit our plant and discuss our programs, please 
write to: Mr. J. H. Papin, North American Aviation, Inc., 4300 
East Fifth Avenue, Box MR-699, Columbus, Ohio 43216. 


All qualified applicants will receive consideration for 
employment without regard to race, creed, color or national origin. 


COLUMBUS DIVISION 2 NORTH AMERICAN AVIATION 
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FROMM 


LILLEY 


William F. Lilley: Named manager of 
special products development of The 
Goodyear Tire & Rubber Co., Akron, 
Ohio. He will be responsible for develop- 
ment work for such products as missiles 
and fuel tanks. 


Winfield E. Fromm: Named group vice 
president of the Airborne Instruments 
Laboratory Division of Cutler-Hammer, 
Deer Park, N.Y. In this newly-created 
office, Mr. Fromm will be responsible for 
a number of operating divisions and de- 
partments, including space systems and 
reliability. 


David L. Coddington: Elected a vice 
president of Page Communications Engi- 
neers, Inc., Washington, D.C., a sub- 
sidiary of Northrop Corp. He will be in 
charge of system management, field serv- 
ices and technical documentation. 


James P. Devlin: Appointed contract 
manager of the Apollo Instrumentation 
Ships program at General Dynamics/ 
Electronics, Rochester, N.Y. This program 
will provide three highly instrumented 
ships to aid in the global network of 
tracking ships and stations to be used in 
NASA’s Moon program. 


Andrew J. Hayes: Elected to member- 
ship in the Financial Executives Institute. 
He is controllor of the Hydrospace Di- 
vision of American Machine and Foundry 
Co., Cheektowaga, N.Y. 


Carl Finger: Appointed as a mechani- 
cal design development engineer for Nu- 
clear Data, Inc., Palatine (Chicago), III. 


E. David Foreman, Jr.: Appointed 
corporate technical representative in the 
Southern California area of Atlantic Re- 
search Corp., Alexandria, Va. He formerly 
represented ARC in the Washington, D.C. 
area. 


Robert G. Deissler: Selected to receive 
the Heat Transfer Division Memorial 
Award of the American Society of Me- 
chanical Engineers. He is chief of the 
Fundamental Heat Transfer Branch at 
NASA’s Lewis Research Center, Cleve- 
land. 


Albert E. Forster: Resigned as a mem- 
ber of the executive committee of Hercu- 
les Powder Company, Wilmington, Del. 
He is chairman of the board. Edward G. 


SCHARFMAN 


i. 


DEVLIN 


Crum was elected a vice president and a 
member of the executive committee. Don- 
ald H. Sheffield, member of the board 
and general manager of the Synthetics 
Dept., was appointed general manager 
of the Pine and Paper Chemicals Dept. 
to succeed Mr. Crum. 


Dr. Leland K. Baxter: Appointed to 
the post of advanced project manager for 
Lockheed Propulsion Co., Redlands, Calif. 
He will be responsible for investigating 
new product areas for the California 
rocket firm. 


C. Ronald Lowry: Named director of 
the newly-created Aerospace Industries 
Association Aerospace Technical Council. 
He will be responsible for the administra- 
tion of AIA’s technical staff. 


Dr. Bruce H. Sage: Named editor of 
the Journal of Chemical and Engineering 
Data, a quarterly publication of the © 
American Chemical Society. He is a pro- 
fessor of chemical engineering at the 
Californial Institute of Technology. 


Dr. Howard Scharfman: Named to the 
newly-created post of manager, advanced 
planning, research and engineering, in 
Raytheon Company's Microwave and 
Power Tube Division, Waltham, Mass. 


Malcolm P. Ferguson: Appointed a 
member of the Defense Industry Advisory 
Council. He is president of The Bendix 
Corp. Other promotions and changes in 
Bendix include the following: Dr. Gerald 
A. Rosselot, appointed vice president of 
engineering; C. B. Sung, appointed general 
manager and director of the Research 
Laboratoris division; and Milo F. Mce- 
Cammon and L. E. Rasmusser, appointed 
vice presidents and members of the cor- 
poration’s administration committee. 


James E. Cross: Elected secretary of 
the Institute for Defense Analyses. He 
was formerly Special Assistant to the 
Secretary of the Navy and to the Assistant 
Secretary for Research and Development 
from 1958 to 1961. 


Richard D. Tutt: Appointed director 
of engineering at Industrial Acoustics Co., 
Inc., New York City. He will supervise 
commercial products research, develop- 
ment and application engineering depart- 
ments. 
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lll 
—Wwhen and where 


DECEMBER 


‘Third Conference on Performance of High 

Temperature Systems, Huntington- 

Sheraton Hotel, Pasadena, Calif., Dec. 

7-9. 

Third Annual Western Contamination 
Control Congress, sponsored by the 
Western Regional Chapter of tbe 
American Association for Contamina- 
tion Control, Lafayette Hotel, Long 
Beach, Calif., Dec. 9-11. 

Symposium on Higb-Energy Astronomy, 
sponsored by Air Force Office of Sci- 
entific Research, Atomic Energy Com- 
mission, NADA, National Science 
Foundation, Office of Naval Research 
and tbe University of Texas, Univer- 
sity of Texas, Austin, Dec. 26-31. 

131st Annual Meeting, American Associ- 
ation for tbe Advancement of Science, 
Montreal, Canada, Dec. 26-31. 


JANUARY 


Eleventb National Symposium on Relia- 
bility and Quality” Control, sponsored 
by tbe American Society for Quality 
Control and tbe Institute of Electrical 
and Electronics Engineers, Fountaine- 
bleau Hotel, Miami Beach, Jan. 12-14. 


International Symposium on Solar Radia- 
tion, sponsored by the American So- 
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3. 


ciety for Testing and Materials and tbe 
Institute of Environmental Sciences, 
International Hotel, Los Angeles, Jan. 
18-21. 


Winter Meeting of the National Society of 
Professional Engineers, Jung Hotel, 
New Orleans, Jan. 20-23. 


National Symposium on Hydrocarbon 
Analysis, sponsored by the American 
Society for Testing and Materials, 
Sheraton-Lincoln Hotel, Houston, Jan. 
22-23. 


Symposium on Fundamental Pbenomena 
in the Material Sciences, sponsored by 
the Ilikon Corp., Sheraton Plaza Hotel, 
Boston, Jan. 25-26. 


Joint Annual Meeting of the American 
Mathematical Society and the Mathe- 
matical Association of America, Univ. 
of Colorado, Denver, Jan. 25-30. 


FEBRUARY 


Reinforced Plastics Division Conference, 
sponsored by the Society of the Plas- 
tics Industry, Edgewater Beach Hotel, 
Chicago, Feb. 2-4. 

Winter Convention on Military Electron- 
ics, sponsored by tbe Institute of Elec- 
trical and Electronics Engineers, Am- 
bassador Hotel, Los Angeles, Feb. 3-5. 


Unmanned Exploration of the Solar Sys- 
tem, sponsored by the American As- 
tronautical Society, the American As- 
tronomical Society, American Geo- 
pbysical Union, American Institute of 
Biological Sciences, Institute of Elec- 
trical and Electronics Engineers, and 
the American Institute of Aeronautics 
and Astronautics, Denver Hilton 
Hotel, Denver, Feb. 8-10. 


Spring Meeting of the American Society 
for Testing and Materials, Statler- 
Hilton Hotel, Cleveland, Ohio, Feb. 8- 
12. 


1965 Electrical and Electronic Trade 
Show, sponsored by the Electrical 
Representatives Club and the Elec- 
tronic Representatives Assn., Denver 
Auditorium Arena, Denver, Feb. 15- 
lt, 

Sixth Annual West Coast Reliability Sym- 
posium, sponsored by tbe American 
Society for Quality Control—L.A. 
Section, and the University of Cali- 
fornia at Los Angeles—Engineering 
Dept., UCLA Campus-Moore Hall, 
Los Angeles, Feb. 20. 


MARCH 


Symposium on Higb Speed Testing, spon- 
sored by Massachusetts Institute of 
Technology and Brooklyn Polytechnic 
Institute, Sheraton Plaza Hotel, Bos- 
ton, March 8-9. 

Aviation and Space Conference, sponsored 
by the American Society of Mecbani- 
cal Engineers, Statler Hotel, Los An- 
geles, March 14-18. 

Optical Society of America Meeting, Stat- 
ler-Hilton Hotel, Dallas, March 31- 
April 2. 
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Courage and Defense Economy 


ECRETARY OF DEFENSE Robert McNamara’s 

action in closing 95 military installations, 
pruning nearly half a billion dollars and 63,000 jobs 
out of the defense budget, was an act of political 
courage on the part of the Administration. Mr. 
McNamara and President Johnson, who has let it be 
Known that he fully supports his Defense Secretary 
and is prepared to weather the political storms, are 
to be highly commended. 

Mr. McNamara never has feared a fight and we 
are certain he is prepared to defend his action before 
the Congressional committees which will investigate 
it. 

There is no question of the correctness of the 
step the Secretary of Defense has taken. The military 
establishment has a tendency to grow—and grow and 
grow—if strong efforts are not made to hold it 
within the necessary bounds. Unfortunately, such 
efforts are rare and usually ineffectual. 

The pork barrel aspects of the defense budget be- 
come all too clear when the question of closing an 
installation arises. Politicians who are the first to 
call for economy at the Dept. of Defense also are 
the first to fight tooth and nail against any plan to 
close an installation in their constituency. 

The overt political reaction to Mr. McNamara’s 
announcement was entirely predictable and the 
Secretary was prepared for it. This fact does not, 
however, make things any more pleasant for him, 
particularly since he must soon face these same irate 
Congressmen with his Fiscal Year 1966 budget. 

We are certain he must have welcomed the 
comment of Sen. Paul Douglas (D-Ill.): “This has 
been greatly needed for years. You are the first man 
to have the courage to do it.” This is indeed the 
truth and we also applaud Sen. Douglas and those 
other members of Congress who were willing to 
stand up and say so. 

The more general reaction was typified by Sen. 
Richard Russell (D-Ga.), who declared himself 
willing to support any action to reduce the staggering 
defense budget but immediately denounced the shut- 
down of an air base in Georgia as “totally unjusti- 
fied.” 

Economy is in broad favor just so long as the 
economy is in someone else’s backyard. It is this 
which makes it so difficult to prune surplus installa- 
tions and jobs from the defense budget. Only some- 
one of Mr. McNamara’s determination could have 
carried it off. 

The approach is typical of the devotion to cost 
‘eduction which the Secretary has shown since taking 
oiice. We frequently have criticized individual 
actions of Mr. McNamara in this regard but we are 
who.'y in favor of his philosophy. 

It should be noted that Mr. McNamara is losing 
the man he placed in charge of the Cost Reduction 
Program, ‘he vary able Thomas D. Morris, Assistant 
Secretary of Defense (Installations and Logistics), 


who is resigning to return to private business. The 
achievements of Mr. Morris in the cost reduction 
area were exceptional, and certainly must go down 
as one of the highlights of Mr. McNamara’s ad- 
ministration of the Pentagon. 

The CR program was undertaken formally in 
1962 with a goal of $3 billion in savings by 1967. 
Success of the effort can be judged by the fact that 
tradeoffs from cost reduction made it possible to 
hold the FY 1965 budget $2.5 billion under the 
amount which otherwise would have been necessary. 

We have not always agreed with some of the 
actions taken in the name of cost reduction but 
there is no question that Mr. McNamara and Mr. 
Morris have done a great deal to bring some fiscal 
efficiency to the monolithic Dept. of Defense. 

Mr. Morris himself has this to say in an in- 
terview in the current issue of Armed Forces Man- 
agement magazine: 

“T’ve spent my life in management and have seen 
many attempts to energize cost savings. But never in 
industry or government have I seen one program 
succeed on such a large basis. I attribute this to 
Secretary McNamara’s extreme perception. Over a 
period of years the requirement for current reporting 
backed up by audit gave the program a sense of 
credibility and recognition to people and organiza- 
tions and gave them an idea of interest of the Presi- 
dent and DOD.” 


HE AUDITING SYSTEM which Mr. Morris 

mentions is of interest. In order to qualify as a 
genuine fiscal saving, each item must be validated 
by an auditor. There is, of course, the possibility that 
Defense Dept. auditors might be prejudiced in their 
evaluations—Mr. McNamara is aware of this pos- 
sibility but the General Accounting Office turned 
down his request that GAO undertake the auditing. 

Some of the savings are easy to identify, such as 
those resulting from the shift from non-competitive 
to competitive procurement and from CPFF to fixed 
or incentive price contracts. The economy of the 
base closings likewise is apparent. 

Others are more marginal. Is it fiscal efficiency 
or engineering efficiency when it is discovered that 
the nuclear submarine George Washington does not 
require an overhaul which was scheduled and budg- 
eted? DOD says it is a credit to the Cost Reduction 
Program. Others might argue the point. 

But concerning the overall success of the Cost 
Reduction Program, there can be no argument. Mr. 
Morris will be missed. 

Mr. McNamara likewise deserves plaudits for a 
job well done and we hope he will go on closing 
surplus bases just as fast as he can find them—re- 
gardless of the uproar from the Hill. 


William J. Coughlin 
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What do you do 

when they start taking 
your latest breakthrough 
to the Smithsonian? 


® 
Smile. You know that the one you're working on now 
is likely to end up in the same place. 


Beating the re-entry heating problem is a case in point. The 
data capsule from the first heat shield Mark 2 nose cone was 
a museum piece 11 months after it had been recovered. Yet 
ablation techniques had already been carefully explored, pav- 
ing the way for what happened next — the successful recovery 
of the RVX-1 within the year. Now they're both in the Smith- 
sonian...plus a couple of others. 


So it goes in the re-entry systems business at General Electric. 


The road ahead is even tougher. For one thing, ballistic mis- 
sile weapons must perform more complex missions. For 
another, the General Electric re-entry drive is not confined to 
ballistic flights. Early in the business, using the Mark 2 as a 


laboratory, we began gathering important scientific informa- 
tion. Then our Nuclear Emulsion Recovery Vehicle (NERV) 
explored deep into the Van Allen Belt. There was the Dis- 
coverer program, resulting in the world’s first successful 
recovery from orbit. We're working currently on the Bio- 
satellite, Mark 12-Minuteman and Maneuverable Ballistic 
Re-Entry Vehicle. Studies of maneuverable return-from-orbit 
re-entry vehicles are under way. Not far into the next genera- 
tion lies the development of re-entry systems technology to 
ihe stage of multi-place ferries and space station taxis. We're 
thinking about them now. 


Technically challenging assignments for engineers and sciene 
tists in: aeroelasticity O) aerodynamics 0 nuclear physics 0 
exobiology 0 kinetics O systems simulation 0 systems anal- 
ysis UO structural design 0 actuation devices OU weight control 
O vehicle arrangement...and other engineering and scien- 
tific areas. 


If your interests are in the same direction, please write full details, including salary requirements, to: Mr. Dan Nauer, Re-Entry 
Systems Department, Section 1111-W, General Electric Company, 3198 Chestnut St., Philadelphia, Pa. 


GENERAL @@) ELECTRIC 


U.S. Citizenship required 


An Equal Opportunity Employer 
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MORE HIGHLIGHTS FROM RYAN'S 


ELECTRONIC “GUSHIONS? ron um 


A “‘soft’’ lunar touchdown is vital to man’s hopes of landing 
himself on the moon. 

The landing radar which will provide altitude and velocity 
data during approach of the manned Lunar Excursion Module 
to the surface of the moon is among the space projects on 
which Ryan Electronics is now engaged. 

The unmanned Surveyor lunar “‘soft landing” vehicle will 
have similar Ryan-designed radar altimeters and Doppler ve- 
locity sensor equipment. Ryan high altitude radar altimeters 
will also provide tracking information for Saturn boosters which 
will be carrying space-bound payloads. 


RYAN AERONAUTICAL COMPANY ¢ SAN DIEGO @ CALIFORNIA 


OF CAPABILITIES 


NEWEST RYAN V/STOL is Army XV-5A, lift-fan 
research aircraft built under contract to General 
Electric. Designed to take off vertically on no 
more power or fuel than is needed for high speed 
cruise, the XV-5A is now in flight test. 


OVER 6,000 FLIGHTS have proven the Ryan Fire- 
bee target missile the most versatile for realistic 
training and accurate evaluation of weapons sys- 
tems. Economical, too. This Firebee has already 
flown 36 separate missions — so far! 


But space electronics— and space structures— are only two 
segments of Ryan's spectrum of capabilities. 

Ryan is the world's most experienced designer of V/STOL 
aircraft. Ryan built the world’s first universal Doppler navigator 
for all types of aircraft. Ryan's Flex Wing, a new concept in 
logistics, is demonstrating marked capabilities for military use. 

In many different fields of 
aeronautics, electronics and 
astronautics, strength for to- 
morrow is being forged today 
— at Ryan! 
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Reliability oriented engineers 


DOUGLAS IS SEEKING ENGINEERS 
WITH DESIGN OR SYSTEMS BACK- 
GROUNDS AT ALL DEGREE AND 
EXPERIENCE LEVELS. OBJECTIVE: 
TO ASSURE OUTSTANDING RELIA- 
BILITY IN THE SATURN STAGES AND 
ASSOCIATED G.S.E. 


LINE AND STAFF POSITIONS ARE OPEN 
WITH THE FOLLOWING FUNCTIONS: 


Develop subsystem and system mathematical 
models, perform reliability predictions, and 
evaluate test results. 

Participate in design review meetings, assign 
reliability goals, and assist designers in reliability 
trade-off studies. 


Conduct first and second tier failure effects 
analyses and failure mode analyses. 


Conduct failure-cause analyses, recommend and 
initiate corrective action. 


Effectively communicate results of investigations 
to management and to design engineers. 


Please send resume to: Mr. F. N. Snodgrass 


/ 
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MISSILE & SPACE SYSTEMS DIVISION 


2730 Ocean Park Boulevard 
Santa Monica, California 


An equal opportunity employer 
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\ DIGITAL TRACKING RADAR TRACKING | 


i EDITAR — A digital interface system | RADTRAC — A modern, high resolution 
7 which permits target tracking mobile C-Band tracking 
y and unambiguous range | station. Complete with 
; resolutions to several digital readout, closed 
\ thousand miles. loop simulation 

x equipment. 


NASA PROJECTS SUCCESSFULLY 
COMPLETED by Canoga for 
Gemini include TELTRAC — an 
advanced VHF phased-array 
telemetry tracking system — and 
RADTRAC — a high resolution, 
mobile C-Band tracking radar. !n 
addition, Canoga acquisition aid 
systems have supported all 
manned orbital missions during 
the Mercury program. 
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Countdowns count 


on Bell System communications 


Countdowns start with 

a checkout of Bell 
System communications at 
the Air Force Western Test 
Range. Designed and built 
for the Air Force's Space 
System Division, the com- 
munications provide a rapid 
link between the many 
people and tasks involved 
in a rocket launch, 


Control blockhouse 
connects with rocket 
launch pad by communica- 
tions cables lying on shelves 
along walls of a long tunnel. 


One touch of a button 

on a communications 
console in control room and 
this equipment will bring 
together widely scattered 
teams of rocket men_ in- 
volved in a task, 


5 Fuel and liquid oxygen 
tanks stand at the 
ready to supply or retract 
rocket fuel as command 
post controls the launching 
operation. 


cS Twenty communica- 
tion posts stand so 
close to rocket itself that 
they're enclosed in steel jf 
and asbestos to keep from 
burning up. 


Air Force rocket count- 

down is monitored by 
communications team right 
up to launch time. 


Throughout Jaunch 

area—in the enormous 
towers that nurse rockets 
into life—special communi- 
cations stations have been 
installed. 


Be!! System 


As loading experts put 

fuel in a rocket, safety 
officer at the main control 
console can clear the area 
By pushing buttons he 
blocks roads, blows sirens, 
controls traffic lights, sta- 
tions guards and takes 
other precautions. 


7 American Telephone and Telegraph Co. and Associated Companies 


l Through one earpiece 
of earphones worn by 
launch team controller, he 
can hear reports from 18 
men. Through the other he 
may listen to any one of ten 
other groups that direct the 
work of 130 men. 


Lift-off! . . . The communi- 
cations system flashes 
rocket’s lift-off signal to 
Pacific Missile Range Sta- 
tions far at sea and relays 
rocket’s flight position back 
to men in the launch con- 
trol room. 


Another example of how 
Bell System communica- 
tions can be custom-de- 
signed to meet the special 
needs of the nation. 
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LE oS i 


THE COVER 


Little Joe II booster takes off from White 
Sands Missile Range, N.M., on Dec. 8, car- 
rying unmanned boilerplate Apollo space- 
craft with launch escape system attached. 
NASA officials said the test of the abort 


1 
i 
i 
* 


system was “almost letter perfect.” (See 


p. 10.) 
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CAREER APPOINTMENTS 


Achievement 


Achievement at Booz-Allen 
Applied Research is rarely 
accidental . . . whether it be in 
astronautics, communications, 
computer systems, feasibility 
analysis, operations analysis, 
reliability or any of our other 
technical areas. 

The company’s conspicuous 
success in solving complex 
non-routine problems reflects 
the hard work of a _ highly 
talented professional staff and 
has led to new and greater 
responsibilities. As a conse- 
quence, excellent career po- 
sitions now await creative 
professionals of many scien- 
tific and engineering disci- 
plines. 

Prerequisites include the 
ability to apply critical percep- 
tion to unusual problems, as 
well as a strong interest in 
meanings and relationships 
and an eye for both the theo- 
retical and the practical. 
Please write Mr. Robert Flint, 
Director of Professional Ap- 
pointments. 


BOOZ e ALLEN 


APPLIED RESEARCH inc. 
4815 Rugby Avenue 
Bethesda, Maryland 20014 


Washington « Cleveland 
Chicago ¢ Los Angeles 
An equa] opportunity employer 
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Manned Mars Mission 


To the Editor: 


Recently I came across a letter to 
NASA from an overseas correspondent. 
It was addressed: “James E. Webb, Ad- 


ministrator, NASA, Huntsville, Ala.” Your 


article in the NASA issue dealing with the 
manned Mars mission (“Need for More 
Accurate Information Sets Planned Land- 
ing Back to 1985,” M/R, Nov. 30, p. 69) 
lends further credence to the proposition. 

Rushing to meet a deadline, a central 
bureau collating the activities of many 
field reporters is apt to cross its references 
occasionally. So, it should be explained 
that the “boxed” list of contractors in your 
article refers to the Future Projects Office 
at Huntsville and not to NASA as a whole, 
If the list were NASA-wide it would be 
substantially longer—the need for such 
studies was recognized early throughout 
the agency. 

Notice that TRW Space Technology 
Laboratories is omitted from the box al- 
though the article states that Robert L. 
Sohn of STL undertook a Venus Swingby 
study under contract to the Future Projects 
Office at Huntsville. The Venus Swingby 
investigation in fact was part of a broad 
mission study by STL undertaken under 
contract to the Mission Analysis Div. of 
Ames Research Center, Moffett Field, 
Calif. Actually, two study contractors, 
North American Aviation’s Space and In- 
formation Systems Div., under a separate 
contract, and STL were asked by Ames 
to examine the Venus Swingby possibilities, 
and both obtained positive results. To Mr. 
Sohn goes the credit for the discovery that 
the mode has general availability and is 
able to effect drastic reductions in Earth- 
entry velocity. There are other very im- 
portant implications in respect of propul- 
sive velocity increment and launch window 
that are unreported in your article and that 
add most substantially to the feasibility 
of the mode and the likelihood that it 
will ultimately become standard for the 
manned Mars mission. 

Use of a close Venus passage can de- 


Honoring the American 
Rocket Pioneer 


Dr. Robert H. Goddard 


1882-1945 


1914-1964 


50th Anniversary 
of his first patent grants, 
covering the use 

of solid and liquid propellants 
and multistage rockets. 


Od. Bactdond 


DSTA 16 Dutch Space Travel Archives 


crease departure velocity increments from 
both Mars and Earth and increase avail- 
able launch windows so that Earth-orbital | 
launch weight requirements are signifi- | 
cantly reduced and launch operations 
eased. : 
Harold Hornby 7 
Research Scientist 

NASA Ames Research Center 
Moffett Field, Calif. 


Goddard Stamp Cover 


To the Editor: 


The good contacts we have with Mrs. 
Robert H. Goddard have led to the is- 
suance by Dutch Space Travel Archives 
(DSTA) of a first-day cover for the post- 
age stamp issued on Oct. 5, 1964, in honor 
of the late Dr. Goddard. 

Enclosed please find a commemorative } 
Goddard cover, which was serviced in The 
Netherlands. These envelopes have been 
cancelled on board the USS Albany (CG- ; 
10) during Mrs. Goddard’s visit to Am- | 
sterdam, starting on the Oct. 5 date of 
issue. } 

Only one thousand of these envelopes | 
were serviced on board the American 
cruiser, and we received special permission 
from Mrs. Goddard to reproduce her hus- 
band’s autograph. 

We told Mrs. Goddard that most of the 
envelopes would be sent to space flight 
authorities. 

We still have a number of envelopes 
available, and those of your readers who 
are interested in such a cover can send a 
request to DSTA. Provided every request 
is accompanied by one International Reply” | 
coupon, we will airmail a cover to those 
who ask for it. We send these covers free "| 
of charge. 

This is the only cover issued outside the 
United States for the Goddard postal event. 


Theo Brouwer 
Archivist 

Dutch Space Travel Archives 
Post Office Box 1626 
Amsterdam, Holland 


rail 
in memory of 
the Goddard stamp 
released today 
by the US. 


THEO BROUWER 
P.O, BOX 1526 
AMSTERDAM = HOLLAND 


Post Office Dept 
OCTOBER 5, 1964 


USS, ALBANY (CG-10) visits 
Amsterdam, October 5-12, 1964 


REPRODUCTION of Dutch Space Travel Archives first-day Goddard stamp cover. 
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attention engineers: 


the 


BOEING COMPANY 


Offers opportunity and responsibility to engineers qualified 
to accept immediate staffing requirements for the follow- 
ing assignments in the Airplane Division: 


FLIGHT CONTROL SYSTEMS — Establish design criteria 
and specifications for flight control systems, subsystems 
and components; selection of components; and moni- 
toring of flight test. 


CONTROL DYNAMICS — Servo control analysis to develop 
automatic terrain-following concept and load-alleviating 
yaw and roll dampers. Experience in analog computer 
programming and familiarity with digital computer 
techniques. 


AERODYNAMICS — Perform analyses of aerodynamic char- 
acteristics effected by airplane control systems and 
stability augmentation systems. Experience in systems 
analysis and working knowledge of analog computers. 


STRUCTURAL DYNAMICS — Analysis of complex struc- 
ture vibration, airfrarne loads and response, and appli- 
cation of probability theory to structural design criteria. 


FATIGUE ANALYSIS — Perform analyses of aircraft fatigue 
and prepare work statements and proposals for new 
programs. Check research calculations and compile 
study results into fatigue documents. 


LOADS ANALYSIS — Perform aeroelastic loads analysis, 
coordinate loads testing and establish requirements for 
extensive design loads investigations. 


STRESS ANALYSIS — Perform research of load-paths and 
strength characteristics of aircraft structure. Perform 
strength checks and formal stress analyses. Establish 
programs and document analysis data. 


HYDRAULIC SYSTEMS — Analysis, testing and design of 
hydraulic systems. Experience with system pumping, 


control components, and heat transfer of high pressure 
systems (knowledge of current techniques used in 
hydraulic servo valves for powered flight controls). 


ENVIRONMENTAL CONTROL — Heat transfer analysis with 
application to air cycle conditioning of jet aircraft. Em- 
phasis upon avionic equipment conditioning to develop 
new environmental conditioning concepts. 


ANTENNA SYSTEMS — Design, performance evaluation, 
and analysis of radome, antenna, and RF transmission 
systems. Experience in antenna, radome, or wave 
propagation. 


FEEDBACK CONTROL SYSTEMS — Analysis of electrome- 
chanical systems and derivation of system transfer 
functions to quantitatively predict system performance: 
Knowledge of servomechanisms theory. 


RADAR TECHNOLOGY — Perform analytical studies of air- 
borne reconnaissance sensors, data processing, and 
digital transmission techniques as pertain to beyond- 
line-of-sight transmission of high density information. 


WEAPONS DELIVERY SYSTEMS — Analysis of weapons 
delivery problems and solution techniques. Establish 
requirements of systems, select equipment by trade-off 
studies and system analysis, and present results for 
proposed new weapon delivery system. 


ELECTRICAL SYSTEMS — Design and load analysis of air- 
craft electrical power generation systems. Experience 
in power factor and load balancing parameters. 


OPERATIONS RESEARCH — Perform detail studies to 
provide evaluation of military systems in their oper- 
ational environment at various levels of effectiveness 
and economic value. Experience in mathematical tech- 
niques related to weapons system analysis. 


OTHER POSITIONS AVAILABLE IN: e FLIGHT TEST OPERATIONS e FLIGHT TEST INSTRUMENTATION e FLIGHT TEST 
DATA PROCESSING e ELECTRONIC COUNTERMEASURES e HUMAN FACTORS e TECHNICAL PUBLICATIONS e WEIGHTS 


All positions require a B. S. or advanced degree in engineering, physics or mathematics. You 


are invited to send your resumé or letter indicating your specific area of interest to either: 


Mr. Tom Sheppard, Dept MR-14 
Boeing Airplane Division 

P. O. Box 707 

Renton, Washington 98055 


SPO LAN GE spine owvision 


AN EQUAL OPPORTUNITY EMPLOYER 


Mr. Gerald Caywood, Dept MR-14 
Boeing Airplane Division 

4300 E. MacArthur Road 

Wichita, Kansas 67210 


rown«& Root 


Brown & Root! When a Brown & Root job is completed it will 
pass anyone’s white glove inspection. After 50 years in the business 
we have long since found it’s best to do things right the first time. 
This way you save time, money and . . . reputation. & Brown & Root 
takes full responsibility for its jobs. We rarely sub-let portions of a 
project. This cuts off the time-honored practice of passing the buck in 
case of failures, but we prefer it that way. & We always strive to be 
“ahead of schedule and below the estimate.” This is why we have so 
much repeat business. We will be happy to discuss your project, with 
no obligation, of course. 


Petro-Chemical complex by Brown & Root Wood pulp plant by Brown & Root 


BROWNSROOT 


ENGINEERS * CONSTRUCTORS 


P. 0. BOX 3, HOUSTON, TEXAS 77001 * CABLE ADDRESS: BROWNBILT 
NEW YORK ¢ THE HAGUE © LONDON »© EDMONTON * CARACAS * MONTREAL * SAO PAULO e WASHINGTON 
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The Countdown 


WASHINGTON 


NASA Budget of $5 Billion or More Seen 


Watch for White House approval of a NASA budget of 
$5 billion or more for the coming fiscal year. The space 
agency has requested $5.6 billion. House space committee 
members told COUNTDOWN last week they will fight any 
severe cuts. 


'No Defense Spending Increase Expected 


Research, development, test and evaluation (RDT&E) 
spending at the Dept. of Defense may decline slightly from 
its present $6.5-billion level in the next fiscal year. DOD is 
trying to maintain its overall budget at $50 billion. Only 
way to achieve this without reducing force levels, in view 
of other mounting costs, is a cut in RDT&E. Both the Air 
Force and Navy already have sustained an across-the-board 
slash of their RDT&E budget submissions. 


Future Remains Dim for MMRBM 


It is almost a certainty that the FY ’66 budget will not 
include money for an alternative to the Mobile Mid-Range 
Ballistic Missile. There still is no requirement for such a 
weapon and DOD seems to have learned its lesson about 
having requirements fot weapons it wants to develop. The 
Transportable MRBM concept, although favored in some 
quarters, is making no progress with top decision-makers. 


MLF Suffers Another Blow 


Fixation of Defense and State Department officials for 
the creation of the multilateral surface fleet suffered a severe 
blow when President Johnson agreed to British Prime Min- 
ister Harold Wilson’s idea of a broader-based, more inclusive 
tying together of NATO nuclear weapons. The President 
also agreed to ease off on American pressure seeking agree- 
ment on the force as soon as possible. 


ComSat Gains a Point and Then Some 


Announcement that Defense Communiations Agency will 
ask for ideas on the Advanced Defense Communications Sat- 
ellite System from industry should cheer Communications 
Satellite Corp.—if it needs it. The government-created cor- 
poration was included in the list of firms to be solicited. Com- 
Sat has always made the point that it could develop a system 
for the military if asked. Until now, it was unclear whether 
this had gotten through to DOD. It appears it has, although 
there still is a long road before a development contractor or 
systems manager is named. Meanwhile, the phenomenal climb 
of ComSat stock continues to amaze Wall St. 


Nike-X To Wait Another Year... 


It now appears Nike-X will have to wait another year for 
pre-production funds. With the budget squeeze on, there 
will be no money in the ’66 program for initial tooling. This 
also means a year’s slip in deployment. Now the first battery 
could not be operational until 1970-71. 


. .. While MAR Performs Well 


Tests at White Sands Missile Range of the Multi-function 
Array Radar are surpassing all expectations. This has always 
been the critical component in Nike-X—some Defense offi- 
cials have questioned whether it would work at all. Test 
results to date are making believers out of even the most 
adamant skeptics. 
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Navy Installing Digital System 


The guided missile cruiser Albany is being outfitted at 
Norfolk, Va., with a new digital ranging system which could 
replace analog systems now in use in the fleet. Built by the 
Naval Ordnance Test Station, the digital system will undergo 
operational evaluation tests during the next several months. 


DOD Going Into Publishing 


A 32-page, monthly “Defense Industry Bulletin” will 
be published by DOD beginning in mid-January. Initial cir- 
culation is limited to 1,200 copies and the publication will 
cover contracting, management and other items of interest 
to industry. Before their consolidation at DOD level, each 
service information office put out a similar publication. 


INDUSTRY 
Uses Explored for Redundant ICBM’s 


Use of surplus Titan I ICBM’s to launch research re- 
entry vehicles apparently is being investigated by the Air 
Force. A Titan I was launched from Vandenberg AFB, 
Calif., last Tuesday in what the Air Force described as the 
first of a series of tests to determine the missile’s compatibil- 
ity with various payloads. CoUNTDOWN is told the payload 
was a re-entry vehicle supplied by Avco Corp., an active con- 
tributor to the Air Force’s ABRES (Advanced Ballistic Re- 
Entry Study) program. Emphasis on RV-type payloads is 
expected throughout the planned test series. Until now, the 
dominant launch vehicle for ABRES has been Atlas. 


AIA Loses PR Director 


H. M. (Hal) Connor has resigned as director of public 
relations of Aerospace Industries Assn. The departure will 
be effective Jan. 31. Col. W. S. (Pug) Evans (USAF, Ret.), 
deputy PR director, will serve as acting director until a 
successor to Connor is chosen. The resignation was said to 
be the result of a dispute with AIA President Karl G. Harr 
over the association’s PR functions. 


Agena Accuracy Impresses JPL 


Jet Propulsion Laboratory is impressed by the improve- 
ment in guidance accuracy shown by Lockheed’s Agena D 
vehicle. In 1962, an Agena B put Mariner II on a course that 
missed Venus by 233,000 miles prior to mid-course correc- 
tion. In comparison, Agena D put Mariner IV on a course 
that missed Mars by only 151,000 miles before correction, 
even though the trajectory is twice as long as that of Venus. 


INTERNATIONAL 


Questions Arise on Voskhod Material 


The repeated Soviet mention of confidence in the sealed 
cabin of the Voskhod spaceship is giving rise to speculation 
that the white porous interior covering identified as “por- 
olon’” may be a self-sealing plastic. It also is suggested that 
it may have radiation protection properties. 


Delay Seen in French Satellite Launching 


The French press reports that delays in the development 
of the first stage of the Diamant booster, which recently 
underwent its third unsuccessful test, may delay the launch- 
ing of the first all-French satellite until the middle of 1966. 
Utilization of a solid propellant instead of the present liquid- 
propellant booster now is considered a definite possibility. 
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The Missile/Space Week 


GT-2 Slips Into January 


Damage sustained in an abortive 
launch attempt of the Gemini II 
unmanned space capsule Dec. 9 will 
necessitate postponing the next 
launch attempt until sometime in 
January. 

The schedule slip will also affect 
the first manned Gemini, which will 
be launched about three months after 
GT-2. Most optimistic estimate for 
the GT-3 launch is now late March 
or early April. 

The cause of the engine shutdown 
that halted the GT-2 launch only 
two seconds before lift-off was a 
hydraulic system failure that per- 
mitted one of the Titan II launch 
vehicle’s gimballed engines to swivel 
the maximum 4 degrees. The move- 
ment triggered engine shutdown. 

When the engine, which had 
reached 77% of efficiency, shut off, 
a coolant tube in the engine bell ap- 
parently cracked because of the rapid 
fall in temperature. Further damage, 
although not immediately assessed, 
appeared likely. 


First LLRV Tests Complete 


NASA Flight Research Center 
has completed the first series of 
flight tests of the Bell Aerosystems 
Lunar Landing Research Vehicle. 
During the next four or five weeks, 
the last two of its seven electronic 
packages will be installed and checked. 

FRC engineers report that the 
initial flight-test program is pro- 
gressing more rapidly than expected, 
but they do not plan to compress the 
program in order to deliver the flying 
simulator to Manned Spacecraft Cen- 
ter at Houston ahead of schedule. 
They would prefer to expand the pro- 
gram to include additional areas of 
experimentation. 

The center has asked for a full 
year of experimentation with the 
LLRV. The Houston reply was favor- 
able, but not formal. Program officials 
observe that the LLRV could simu- 
late many non-aerodynamic space- 
flight maneuvers in addition to the 
lunar landing for which it was pri- 
marily designed. 


SNAP-8 Passes Test 


The SNA:’-S turbine alternator 
assembly (TAA) passed a successful 
76-hour test in which mercury was 
used as the working fluid. The test 
demonstrated operational capability 
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and machine performance up to 80% 
of its rated power, Lewis Research 
Center officials said. 

Henry O. Slone, SNAP-8 project 


manager at Lewis, described the re-.- 


sults of the test as “significant” in 
the development of the space power 
generation system. The Aerojet-Gen- 
eral Corp.-developed system will pro- 
duce 35 kilowatts of power, and is 
expected to have a 10,000-hour life- 
time. 

Heat source for the turbine al- 
ternator test was a gas-fired heater 
instead of the nuclear reactor that 
ultimately will provide the energy 
source. Atomics International is de- 
veloping the reactor for the Atomic 
Energy Commission. 


Shots of the Week 


An Apollo spacecraft boilerplate 
underwent what appeared to be a 
perfect maximum-aerodynamic-pres- 
sure abort test at White Sands Mis- 
sile Range, N. M., Dec. 8. The canards 
(M/R, Dee. 7, p. 13) located near the 
top of the jettison tower and designed 
to damp descent oscillations prior to 
parachute deployment worked satis- 
factorily. The spacecraft tumbled 
eight or nine times after separation 
from the Little Joe II booster, but 
then lapsed into a 150-degree swing 
before the launch escape tower, boost 
protective cover and forward heat 
shield were ejected. Following ejec- 
tion, the Command Module was com- 
pletely stabilized by two drogue 
chutes. Deployment of the three main 
chutes followed and the craft touched 
down apparently undamaged. Three 
additional abort tests are planned in 
the current series. The next is to 
be a high-altitude test at 100,000 ft. 

@ The Air Force’s Athena rocket 
on Dec. 4 made a successful flight 
from Green River, Utah, to a target 
area in the White Sands Missile 
Range, N.M. 

@ Preliminary reports indicated 
that an Air Force Atlas F ICBM 
fired from Vandenberg AFB, Calif., 
Dec. 4 landed on target in the West- 
ern Test Range. 

® On Dec. 8 the Air Force suc- 
cessfully launched a Titan I ICBM 
from Vandenberg AFB, Calif. 

® The Air Force on Dec. 9 fired 
two Minuteman ICBM’s from Van- 
denberg. The first had to be destroyed 
by the range safety officer when it 
malfunctioned shortly after take-off ; 
the second firing was a success. 

@® The Air Force successfully 
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launched the fifth ASSET re-entry | 
test vehicle in its series of six from | 
Cape Kennedy on Dec. 8. Booster 
used was a single-stage Thor. 

® NASA test pilot Milton Thomp- 
son on Dec. 9 flew the X-15 rocket 
plane to an altitude of 91,000 ft. at 
a maximum speed of 3,545 mph. 


Mariner Confidence Expressed 


Scientists at the Jet Propulsion 
Laboratory were confident late last 
week that the Mariner IV spacecraft 
would pass within 5,400 miles of 
Mars next July 14 at approximately 
2:10 p.m. EST. 

JPL officials also told MISSILES | 
AND ROCKETS that, based on present 
information, a second course correc- 
tion probably would not be necessary, 
even though the capability for such 
a maneuver exists. 

The confidence was expressed de- | 
spite the fact that Mariner IV 
strayed from its guiding star, Ca-~ 
nopus, Dec. 8, presumably because F 
a speck of dust interferred with | 
the spacecraft’s sensitive Canopus ] 
seeker. This caused the sensor to | 
lock onto another star, Gamma Vela, 
but the change did not significantly 
alter the spacecraft’s trajectory. 


ComSat Has Active Week 


The Communications Satellite 
Corp. and interested communications | 
firms have been asked to provide ad- | 
ditional detailed arguments concern- } 
ing ownership and operation of ini- | 
tial ground stations for the satellite | 
communications system (M/R, Nov. 
30, p. 187). The Federal communica- | 
tions Commission proceeding, called | 
a Notice of Proposed Rule Making, | 
may delay settlement of the issue 
until March, 1965. 

After consideration of the Com- } 
Sat petition for ground station con- 
trol and replies from several com- 
mon carriers, the FCC last week an- | 


too limited in scope for “the task 
of establishing criteria governing the } 
issuance of Earth station authoriza- 
tions... .” 

Accordingly, the Commission re-| 
quested that interested parties com- | 
ment on three possible courses of | 
action: adoption of rules; adoption } 
of a general policy; and an invita- 
tion to file applications for specific | 
Earth stations. Comments are to be }) 
filed by Jan. 5. i 

Meanwhile, ComSat a 


yo 


stock continued its fast pace on the 
New York Stock Exchange. It 
reached 6614 points on Dec. 9 before 
the Exchange’s Board of Governors 
halted trading for three hours to 
match up buyers and sellers. 

In other action last week, the 
corporation issued RFP’s to 16 com- 
panies for studies of launch vehicles 
for a medium-altitude communica- 
tions satellite. Requests went to: 
Aerojet-General Corp.; Avco Corp.; 
Bell Aerosystems Co.; Bendix Corp.; 
Boeing Co.; Curtiss-Wright Corp.; 
Douglas Aircraft Co.; General Dy- 
namics Corp.; Grumman Aircraft 
Engineering Corp.; Ling-Temco- 
Vought, Inc.; Lockheed Aircraft 
Corp.; Martin Co.; McDonnell Air- 
eraft Corp.; North American Avia- 
tion; Republic Aviation Corp. and 
United Aircraft Corp. 


Extended Pershing Denied 


Army and Defense officials deny 
that an extended range Pershing is 
under development—as implied in a 
newspaper report from Bonn that the 
U.S. has promised to furnish the 
West German Army with a 750-mi. 
version of the weapon. “How could 
we have promised them that,” one 
Defense official says, “when we don’t 
even have such a weapon under de- 
velopment ourselves?” 

Both the Army and DOD admit, 
however, that such an extended range 
Pershing is feasible and is part of the 
Army’s “product improvement” plan. 
“We have proposed this to DOD,” an 
Army official points out, “but only as 
part of our continuing product im- 
provement program. There is no 
money in the budget to develop such 
a missile.” 

West German defense leaders 
were apparently assured that such a 
missile would be furnished to their 
Army eventually. These assurances 
came from the meeting that West 
German Defense Minister Kai-Uwe 
von Hassel had with Secretary of 
Defense Robert S. McNamara Nov. 
12-14 in Washington. 

Defense officials deny that an ex- 
tended range Pershing was discussed 
during these meetings. 

A 750-mi. Pershing is feasible, 
according to Army officials, at a cost 
far below development of a com- 
pletely new system. The missile’s in- 
ertial guidance system would have to 
be modified to achieve this range, but 
the system was designed for ranges 
up to 750 mi. The basic change would 
most likely have to be in the on- 
board computer. 

Two methods can be used to 
achieve the necessary propulsion. 
First, and the most favored of the 
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two, is lengthening the first-stage 
motor and increasing the propellant 
density. 

The other would be the substitu- 
tion of a new propellant for that now 
used in the Pershing first stage. In 
both instances, the second stage and 
the warhead—estimated at several 
hundred kilotons—would remain the 
same. Some adaption kit components 
would have to be replaced, officials 
feel. 

With the demise of MMRBM and 
the increasingly effective Soviet air 
defenses in Western Europe, the abil- 
ity of NATO forces to attack and 
destroy the 700-800 MRBM’s and 
IRBM’s in European Russia is being 
degraded. An extended range Persh- 
ing—capable of reaching more than 
700 mi. into the Soviet heartland— 
would alleviate this problem some- 
what. For example, it is 650 mi. from 
the Rhine river to Lvov, a city in the 
Western Ukraine, and only 450 mi. 
from the West German border to the 
Soviet Union. 


Big Year Coming for Apollo 


Sixteen new Saturn and_ five 
Apollo checkout stations will become 
operational next year, according to 
Maj. Gen. Samuel C. Phillips, deputy 
director of NASA’s Office of Manned 
Spaceflight. 

Phillips said in a speech to the 
National Security Industrial Assn. 
that 1965 will be “the year of ground 
testing” for the Apollo-Saturn sys- 
tem. 

The 1.5-million-lb.-thrust F-1 
engine will be flight rated at the 
Flight Research Center at Edwards 
AFB, and the first stage of Saturn V 
with five F-1 engines will be ground 
tested at Marshall Space Flight Cen- 
ter. The S-II stage of the Saturn V 
will be structurally tested at North 
American Aviation’s Seal Beach 
Calif., facility, and S-II stage firings 
will be made at the Rocketdyne Santa 
Susana, Calif., facility. 

Structural tests will be made of 
the S-IVB stage, and the instrument 
unit will enter the structural and 
vibration testing phase during the 
year at Marshall Space Flight Center. 
Test requirements on the Block I 
airframe group, which are those 
marked for use in the early Earth- 
orbital flights, will be 75% com- 
pleted. 

Environmental chamber testing 
of the Command Module also will be- 
gin at the Manned Spacecraft Center 
at Houston. Structural testing will 
begin on the Lunar Excursion Mod- 
ule at Grumman’s Bethpage, N.Y., 
plant, and a LEM test article, or boil- 
erplate model, will be mated to the 
Saturn IB for dynamic testing. 
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DOD, AEC wait to see... 


NASA Must Decide Orion fu 


High-level officials argue pros and cons of nuclear pulse 
concept; General Atomic reports on its feasibility studies 


NASA WAS ROCKED by internal 
controversy last week as the agency 
tried to decide whether it should join 
with the Dept. of Defense and the 
Atomic Energy Commission in keeping 
Project Orion research alive for at least 
two more years. 

The matter was variously described 
to MISSILES AND RocKETS by NASA 
spokesmen as ‘a hell of a fight,” a 
“furor” and a “battle,” although some 
thought “fight” was a little strong. 

Sources in all three agencies believe 
it involves broad and serious implica- 
tions for both the civilian and military 
space programs. The Air Force partic- 
ularly, along with NASA backers of 
the concept, believes it is vital that nu- 
clear pulse research be carried into the 
next logical phase to prove feasibility 
following seven years of experimental 
and analytical effort. 

However, DOD is scheduled to drop 
further research into the concept in 
January, on grounds that the Air Force 
cannot prove a mission requirement for 
such a vehicle. DOD sources believe the 
concept, as shown to date, is technolog- 
ically sound, however, and spokesmen 
say the Department would be willing to 
contribute to a joint program to conduct 
the next phase of critical experiments. 

To date, far more effort and funds 
have been poured into other nuclear 
propulsion concepts—concepts that Or- 
ion supporters believe show less poten- 
tial or less chance of attainment. 

AEC sources also say that agency 
would be willing to support a joint pro- 
gram, but “would have to be asked”— 
since AEC “has had the rug pulled out 
from under it on other nuclear propul- 
sion programs that have shown nothing 
but success.” 

The DOD and AEC positions have 
hung the fate of the program on NASA 
as the only agency that could justify a 
mission requirement for a nuclear pulse 
vehicle. 

A Pentagon source said “If NASA 
says ‘no,’ it’s out.” 

The issue is one of the touchiest 
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ever faced by NASA. Not the least of 
the considerations confronting the 
agency is the possibility that it could 
bear the onus for a decision to let the 
research program die, if the future— 
perhaps future Russian advancement— 
prove this to be the wrong decision. 

® The factors—The issue contains 
these elements— 

—A NASA official told M/R that 
recent studies show that nuclear pulse 
may be more readily attainable and 
have greater performance potential than 
other advanced nuclear propulsion sys- 
tems so far considered by the agency 
and “probably is the only concept we 
have now that might permit manned 
missions to planets other than Mars, 
including a manned landing on Mer- 
cury.” 

—In the words of one NASA offi- 
cial, the organizations of Dr. George E. 
Mueller, associate administrator for 
manned space flight, and Dr. Raymond 
L. Bisplinghoff, associate administrator 
for advanced research and technology, 
have become “diametrically opposed” in 
the matter, the manned missions group 
Strongly favoring continued nuclear 
pulse research. 

—Serious NASA interest in the pro- 
posed Venus swingby mode for Mars 
missions (see p. 24) has recently af- 
fected thinking with regard to the en- 
ergy requirements for manned trips. 
Preliminary study indicates this mode 
may offer the possibility of manned 
Mars flyby and landing missions with 
all-chemical Saturn V launch vehicles, 
with no need to develop a solid-core re- 
actor system for Mars exploration. This 
tends to shift more attention to the 
higher-performance nuclear systems such 
as nuclear pulse, gaseous-core and nu- 
clear-electric. 

—With regard to this, as one NASA 
official put it, nuclear pulse appears 
more feasible at the moment than the 
gaseous-core nuclear engine approach. 
At the same time, while some schemes 
utilizing electrical propulsion may offer 
real advantages, the low-thrust systems 
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cannot match the thrust levels—and 
shorter mission times—possible with 
nuclear pulse vehicles. 
——-There appears to be a growing j 
feeling within NASA that 400 to 500- 
day Mars missions are too long, both 
from the standpoint of reliability and | 
a space crew’s mental and physical 
health. This is supported by reports con- 
cerning nuclear submarine crews who 
have been subjected to much shorter 
confinements without the additional dis- 
advantage of weightlessness and other 
space environment problems. 
—NASA and industry spokesmen 
favoring nuclear pulse talk of reducing 
manned Mars round trips to 200 days. 
Project Orion studies conducted by Gen-~ 
eral Atomic Div. of General Dynamics 
show that of the nuclear propulsion 
concepts regarded as most feasible from 
a technological standpoint, only nuclear 
pulse can cut mission time to 200 days 
or less without prohibitive growth of 
weight in Earth orbit. 
——These spokesmen also point out | 
that the longer transit times also will | 
mean “long mission simulations in the | 
laboratory and in Earth orbit, thereby |} 
stretching out development time and in- | 
creasing cost as well.” | 
Both the Mueller and Bisplinghoff | 
organizations have recently had studies 
conducted at the Ames Research Center 
and the center at Huntsville to aid 
NASA in reaching a decision on the nu- 
clear pulse issue. The parallel studies "| 
examined roughly the same things— | 
feasibility, performance potential com- | 
pared with other nuclear devices, mis- 
sion requirement and what sort of 
NASA program should be considered, 
if any. However, the Ames investiga- 
tion was directed more toward manned 
missions application while the Hunts- 
ville study was broader and concerned 
more the overall mission potential. 
® Anti arguments—Very strong op- 
position to establishment of a nuclear 
pulse investigation requirement for )) 
NASA is coming from one of the-agen- 
cy’s highest-ranking officials on grounds 
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that 1) NASA has existing nuclear 
rocket research programs in which con- 
siderable funds are tied up and which 
might be compromised if something 
new is added, and 2) the agency has its 
hands full with Apollo and cannot af- 
ford to start any new large-scale pro- 
gram at this time. 

Objections also are raised on tech- 
nical grounds by spokesmen, such as 
Harold Finger of the Space Nuclear 
Propulsion Office, who believe the nu- 
clear pulse concept presents very serious 
engineering problems that cannot be 
solved without an extremely expensive 
lorbit research program. Other objec- 
ions include the fact that flight tests 
te impossible under the existing nu- 
clear test ban treaty, and national and 
international political considerations 
centering around the treaty and the pos- 
ibility of atmospheric contamination— 
issues NASA would rather avoid. 

@ Pro answers—Nuclear pulse sup- 
orters charge that much opposition has 
een raised simply because of a near- 
ighted “not-invented-here” attitude by 
ersons involved in other nuclear pro- 
ulsion programs. Much of this, how- 
ver, is simply due to fears of political 
eaction to a growing budget, other 
pokesmen explain. 

At the same time, one top NASA 
ource favoring support of nuclear pulse 
ointed out he did not favor killing off 
the solid-core approach, stating that 
uclear pulse should be a follow-on. 

Some NASA critics feel the agency 
is in a dilemma because a favorable 
gaction on nuclear pulse would call 
into question its past effort and funding 
on other nuclear propulsion programs. 
A top spokesman for nuclear pulse 
declared that opponents in NASA are 


General Atomic. Propulsion module, 33 ft. in diameter, would be orbited by Saturn V. 


stirring up opposition by calling it a 
very expensive development program, 
whereas “actually NASA is being asked 
only to commit a few percent of its 
advanced propulsion budget over the 
next two years just to continue current 
research to a logical milestone.” 

Shared by three agencies, the ex- 
tended program would cost relatively 
little for each, a Pentagon source said, 
adding that it would be less than what 
NASA is now spending on tungsten 
nuclear rocket research. 

One bitter observation was that “you 
wouldn’t expect this kind of furor to 
be raised over a piddling amount like 
that unless some people are afraid nu- 
clear pulse will work, and as a result 
raise questions in a few years about the 
other nuclear rocket programs now be- 
ing investigated by NASA.” 

@ Early backing—Enthusiasm by 
some elements within NASA for the 
Orion concept is not new. Excitement 
was generated in some quarters last year 
following a NASA study that looked at 
nuclear pulse as possibly the only prac- 
tical system for fast manned interplanet- 
ary missions by 1980 (M/R, Nov. 4, 
1963, p. 34). 

A very favorable “position report” 
was issued from Huntsville following 
the study. M/R sources reported that 
for political reasons even the Air Force 
has not yet been able to obtain a copy. 

Nuclear pulse supporters complained 
last year they were unable to publicly 
defend it against some technical criti- 
cism because of security restrictions. 
Their cause was aided recently by a 
declassification enabling presentation of 
a stronger case for the approach while 
answering important objections raised 
against a development program. 
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@ Bypass treaty?—The big point 
brought out in the recent report by J. 
C. Nance of General Atomic is that 
while experiments to date have been 
mainly on scaled samples, the research 
techniques utilized “appear applicable 
for use with up to full-scale components 
and modules.” 

In other words, nuclear pulse spokes- 
men say, the project can be carried 
“pretty close to a preliminary flight 
rating test without having to conduct 
any atmospheric tests with nuclear ma- 
terials. We can carry the program up to 
the point where the next step would be 
advanced vehicle development without 
changing the test ban treaty, using 
chemical explosives above ground and 
underground nuclear tests. 

“The techniques developed in re- 
search would permit a separable de- 
velopment program,” a top NASA sup- 
porter said. 

Underground nuclear tests would in- 
vestigate dynamic response of the en- 
gine, while non-nuclear devices, includ- 
ing high explosives, can verify struc- 
tural integrity of the propulsion sys- 
tem. 

One Orion spokesman declared that 
“if we had to go into space to develop 
this, it would be too expensive. We 
couldn’t do it.” 

Air Force spokesmen said the re- 
search program involved three basic 
parameters. 

“These are the velocity of the pro- 
pellant as it impacts the pusher plate, 
the temperature of interaction and the 
pressure. We have been able to duplicate 
the pressure with high explosives. We 
have not been able to quite duplicate 
the required velocities and tempera- 
tures. We have gone up to the exact 
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pressure, and our work says this is cor- 
rect. We have gone up to a major frac- 
tion of the velocity and temperature, 
and our work says the data are valid. 
Now we need the two-year program to 
get the whole concept. As for tempera- 
ture and velocity, there is no known 
way to investigate these except by un- 
derground nuclear tests to duplicate ef- 
fects.” 

As for fears that flight tests would 
contaminate the atmosphere, spokesmen 
say “clean” nuclear explosives could be 
utilized or the system could be boosted 
out of the atmosphere with a chemical 
launcher. 

® Thermal control—General Atomic 
reports that early calculations indicated 
that by reducing the engine “operating” 
times (or, the time during which the 
propellant created by each explosion 
interacts with the engine structure) to a 
millisecond, useful momentum could be 
transferred, although thermal waves 


would not have time to penetrate the 
engine structure. 

Experiments to date confirm that 
common materials such as aluminum or 
steel can withstand surface tempera- 
tures of over 80,000°K for short time 
periods with only nominal ablation of 
the surface. 

The nuclear pulse concept General 


Atomic has investigated amounts to an’ 


external combustion engine in which 
the small nuclear bombs, or pulse units, 
are displaced a distance from the en- 
gine structure and some fraction of the 
expanding explosion debris is inter- 
cepted by a flat circular structure, or 
piston, called the pusher plate. 

By decoupling the energy source 
from the engine, the constraints imposed 
by strength of materials are relieved 
and considerably higher propellant tem- 
peratures and velocities can be contem- 
plated before structure heating becomes 
a deterrent. 


DCA Seeking Ideas for Improved Comsat 


THE DEFENSE Communications 
Agency plans to ask industry for its 
ideas on the advanced defense com- 
munication satellite system which is 
expected to replace the interim sys- 
tem now under development. Re- 
quests for proposals are to be issued 
Dec. 14 to qualified firms, with a 
bidder’s conference to be held Jan. 
19, 

DCA will ask the firms selected 
to “define the system approach and 
development plan” for the advanced 
military comsat. A series of such 
studies will be conducted by in- 
dustry in a “brain-picking” operation 
to determine concepts “on the opti- 
mum communications satellite system 
choices to meet national communica- 
tions needs.” 

Following the bidder’s confer- 
ence, the solicited firms will be re- 
quired to submit proposals for the 
study by Feb. 24. Contract awards 
are expected to be made by approxi- 
mately next April 15. 

@ To be asked—Firms DCA in- 
tends to solicit include: Bendix Radio 
Div., Bendix Corp.; Boeing Co.; 
ComSat Corp.; General Dynamics 
Corp.; General Electric Co.; Hughes 
Aircraft Co.; International Busi- 
ness Machines Corp.; Ling-Temco- 
Voughi, Inc.; Lockheed Aircraft 
Corp.; Martin Co. 

Also, Philco Corp., a subsidiary 
of the Ford Motor Co.; Radio Cor- 
poration of America; TRW Space 
Technology {| aboratories; Sylvania 
Electric Products Inc.; Western Elec- 
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tric Co. and Westinghouse Electric 
Corp. 

Other companies that feel they 
are qualified to do the work but are 
not listed above can submit a sum- 
mary of their qualifications before 
Dec. 31, according to DCA. Such 
submissions will be considered for 
addition to the bidder’s conference 
list. 

@ Study scope—Contractors se- 
lected for the study will conduct an 
analysis of requirements, system syn- 
thesis, system analysis, evaluation 
and program planning that is to re- 
sult in a system definition study. 
DCA expects to be able by this 
method to ‘present DOD with an 
itemized list of technical concepts 
within industry and in sufficient de- 
tail to enable final system definition. 

The 40 man-month study efforts 
will cover such technical areas as: 
communications requirements anal- 
ysis, communications system tech- 
nology, orbital configuration design, 
satellite and dispenser design, surface 
station design, launch vehicle per- 
formance, vulnerability analyses, sys- 
tem deployment and replenishment 
strategies, system control, network 
planning, and cost effectiveness eval- 
uation. 

The study results will be submitted 
within 90 days after contract awards. 
This scheduling would enable DCA 
and the Defense Department to 
initiate development in Fiscal 1966 
or at least to go into program defini- 
tion for the system. |_| 


In operation, the pulse units, stored 
within the vehicle, are sequentiall 
ejected and detonated external to and 
some distance below the engine. Mo- 
mentum of the expanding debris, or 
propellant in the form of high-density 
plasma, is transferred to the pusher; re-~ 
sulting large accelerations are smoothed | 
out by shock-absorbing devices to lev- 
els of a few pg’s in the upper vehicle. 

During each interaction, the propel- 
lant creates ablating conditions in a 
very thin region on the bottom surface 
of the pusher. A great deal of effort 
has been directed toward understanding 
the mechanics of ablation, how it varies 
with propellant conditions and pusher 
materials, and predicting quantitatively | 
what its effect will be for realistic de- 
signs. Performance is influenced by the 
amount of mass lost by the ablation 
process, and it represents a key problem 
area. Thermal conditions are con- 
strained to the pusher surface and little 
bulk heating of the plate itself will]} 
accrue. | 
An important point that is fre-7) 
quently misunderstood, Nance reports, 
is that for propulsive purposes “we are || 
ultimately interested in total momentum | 
imparted to a vehicle with as little in-7| 
ternal energy increase as possible. In the 
case of Orion the internal (heat) energy 
transfer to the pusher is only a very 
small fraction of the total energy avail- 
able. This very important characteristic 
permits maintaining the major engine 
components at operating temperatures 
low enough so that common construc-7 
tion materials such as steel, titanium, || 
organic fibers, and elastomers may be 
used.” 

@ Low radiation—Because of re- 
moteness of the energy source from the 
engine, nuclear radiation levels in the)) 
structure are low enough so nuclear || 
heating effects are relatively unimpor- | 
tant. 

Investigators say that radiation lev- 
els remain so low that crewmen could 
“walk on the pusher plate an hour or/| 
so after engine shutdown.” 

Results of reference design studies 
include a propulsion module of about 
200,000 Ibs. gross weight and 33 ft. i 
diameter. Thrust-to-weight ratios of 
such modules would be somewhere be 
tween one and six. Predicted specific im- 7) 
pulse is calculated to be 1,800-2,500 
sec., resulting in characteristic single- 
stage velocities of about 100,000 fps. 

The module depicted was selected 
for compatible lofting to orbit by 
two-stage Saturn V vehicle. 

Vehicles utilizing such an engine 7} 
from Earth orbit could typically deliver |) 


payload to the lunar surface, over 40% 
to the Mars surface, and could carry) 


round trip to Mars with landing. 
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Dec. 18 launch planned... 


Satellite Readied To Probe 
Radiation Belt Energetic Particles 


LATEST IN A SERIES of Explorer 
satellites to investigate the still-not-com- 
pletely understood phenomena by which 
energetic particles are injected, trapped 
and eventually lost in the Earth’s radi- 
ation belts is scheduled for launch Dec. 
18 from Cape Kennedy. 

The 101-lb. radiation detection satel- 
lite will carry an improved telemetry 
system that will operate continuously 
to allow real-time data acquisition by 
tracking stations. In addition, many of 
the electronic components have been 
made more radiation resistant than the 
previous satellites in this category, such 
as Explorer XV. 

The satellite will be launched into 
ja highly elliptical orbit of 15,800 mi. 
japogee, 200 mi. perigee on a three-stage 
Delta rocket. Orbital period will be 
slightly more than seven hours at a 21 
degree inclination to the equator to keep 
it near the Earth’s geomagnetic equator. 

The Energetic Particles Explorer D 


(EPE-D), formerly called S-3c, was de- 
signed and built by Goddard Space 
Flight Center. Electro-Mechanical Re- 
search, Inc., provided electrical integra- 
tion. Although it has a design lifetime 
of one year, officials say they will get 
useful information if the satellite re- 
mains operating for three months. 

@ Experiments detailed—Five ex- 
periments will be carried by the octag- 
onal satellite, which is 17 in. high and 
27 in. dia. The main body is of glass 
fiber honeycomb construction, with a 
thin aluminum cover. Four solar panels 
protrude from the sides, and a 34-in. 
magnesium tube extends from the cen- 
ter for one of the experiments. 

Experiments to be carried on-board: 

—Electron-proton angular distribu- 
tion and energy spectra—a series of 
solid-state detectors to measure the spa- 
tial and angular distribution and energy 
spectra of electrons and protons. The 
experiment was designed by Dr. Walter 


DRAWING of 101-lb. Energetic Particles Explorer D (EPE-D) satellite in Earth orbit. 
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L. Brown, Bell Telephone Labs. 

—Electron-proton directional-omni 
directional detectors—scintillator-type 
detectors originally developed for use on 
the Relay communications satellite. 
They are to measure the intensity and 
angular distribution of protons and elec- 
trons. Experimenter is Dr. Carl E. Mc- 
Tlwain of the University of California, 
San Diego. 

—Flux-gate magnetometer—This in- 
strument mounted on the central boom 
will measure the magnitude and direc- 
tion of the Earth’s magnetic field from 
6,000 mi. above the Earth to apogee. 
Data on electron and proton experi- 
ments will be correlated with these 
measurements. Dr. Laurence Cahill of 
the University of New Hampshire pro- 
vided this experiment. 

—Ion-electron detector—scintillator 
detector designed to measure relatively 
low-energy particles by type and energy 
as a function of direction, time and 
position. Leo R. Davis and James M. 
Williamson of NASA’s Goddard Space 
Flight Center designed this experiment. 

—Solar cell damage—to provide 
means of determining damage to a 
group of solar cells by Van Allen radi- 
ation and starfish radiation caused by 
the U.S. nuclear explosion of July 9, 
1962. It includes four groups of 10 
“n on p” silicon solar cells with different 
base-resistivities and cover shield thick- 
nesses which are mounted on the side 
of the main body of the satellite. Luther 
W. Slifer, Jr. of Goddard is the experi- 
menter. 

The satellite will be commanded by 
Bell Telephone Laboratory radio-guid- 
ance system for trajectory corrections 
during the first- and second-stage pow- 
ered flight. After the command occurs 
for second stage cutoff, a four-minute 
coast period occurs. During this time, 
the satellite and the third stage are spun 
up by small rockets mounted between 
the second and third stages. The third 
stage then separates and ignites, putting 
the satellite into orbit. Spin rate in orbit 
is about 25 rpm. a 
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Space Council official says .. . 


Soviets May Not Have Extravehicular 
Space Experimentation Capability 


Sea-level-pressure helium-oxygen could result in cosmonaut 
decompression sickness in switch to lower-pressure spacesuit 


SOVIET INTEREST in the use of 
helium-oxygen atmospheres for long- 
term space vehicles may indicate that 
they do not have capability for extra- 
vehicular experimentation, says Dr. 
Eugene Konecci of the National Aero- 
nautics and Space Council. 

The U.S. chose several years ago to 
go the 100% oxygen route for its Mer- 
cury, Gemini and Apollo vehicles. This 
makes it possible to carry out extra- 
vehicular operations, in which the astro- 
naut must go to a slightly reduced pres- 
sure for spacesuit operation, without 
fear of bends. However, since the So- 
viets have developed a two-gas capsule 
atmosphere of oxygen and nitrogen at 
sea-level pressures, they are faced with a 
very grave possibility of decompression 
sickness if the cosmonauts must go to a 
spacesuit pressure low enough to permit 
performance of useful tasks. 

The Soviet spacesuit is believed to 
have pressure of 7.5 psi, with air for 
the body pressure and pure oxygen in 
the helmet. However, to reduce the pres- 
sure to 5 psi, so that the suit does not 
have balloon-like rigidity, a period 
of denitrogenation would be necessary. 
If, as is believed, the suit has an oxygen 
supply of only one hour, it is strictly 
an emergency-type garment. 

Konecci, chairman of the bioastro- 
nautics committee of the International 
Astronautical Federation, pointed out 
to M/R that there has been no mention 
of airlocks in public or private descrip- 
tions of the Vostok and Voskhod vehi- 
cles, and no other indications of plans 
for extravehicular operations. While the 
Soviets are aiming at rendezvous, this is 
expected to be strictly a vehicle maneu- 
ver. 

It is this kind wf decision which is 
plaguing Air Force bioastronautics ex- 
perts in their choice of the atmosphere 
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by Heather M. David 


for the Manned Orbiting Laboratory 
mission (M/R, Dec. 7, p. 22). 

The Soviets have carried out a pro- 
gram of helium exposures, both with 
animals and humans (M/R, Nov. 23, 
p. 14), and have verbally referred to ex- 
posures of 120 days. The U.S. Air Force 
School of Aerospace Medicine has just 
concluded a month-long simulation of 
a 44% oxygen, 56% helium atmosphere 
at 18,000-ft. altitude. Although one of 
the four subjects had to be removed 
from the chamber and hospitalized for 
tests for a liver inflamation, there were 
no apparent changes due to the atmos- 
phere itself. The inflamation was dis- 
covered in blood samples during the sea- 
level control period. 

However, no decompression tests 
have yet been run with subjects who 
have been breathing the helium-oxygen 
mixture. While it is believed that no 
bends will result because helium is not 
absorbed in body fluids, there is no 
real proof that some difficulties may not 
occur. 

Konecci, formerly chief of biotech- 
nology and human research at NASA’s 
Office of Advanced Research and Tech- 
nology, said that the Soviets have shown 
considerable interest in the Gemini ex- 
travehicular operation experiment plans, 
and will take a “wait and see” attitude 
for this data. The Soviets have revealed 
that they have looked at the 100% 
oxygen environment, having exposed 
animals for 98 days with no ill effects 
at 200 mm Hg. 

@® Fear of spaceflight—There has 
been much mention in the press that 
the Soviets are greatly afraid of pro- 
longed spaceflight because of changes 
which might occur in the cosmonauts’ 
systems. Some sources have even con- 
cluded that the 24-hour Voskhod flight 
was limited to this time because the 


Soviets feel that this is the longest safe 
period of weightlessness—the time be- 
fore irreversible changes which lead to 
death take place. However, other offi- 
cials have pointed out, this is largely a 
matter of conjecture, since the Voskhod 
time period is a logical engineering step 
in the development of a new spacecraft. 

The Soviets, like U.S. physicians, 
have been especially concerned about 
the effect upon the cardiovascular sys- 
tem. With the experience of longer pe- 
tiods of weightlessness—up to the five- 
day flight of Byovsky—they have con- 
cluded that this effect is of a phasic 
character related to the period of flight 
(M/R, Oct. 21, 1963, p. 34). 

@ Their instruments—According to 
a book published in the Soviet Union 
last year, a new method of dynamocar- 
diography was developed and has con- 
siderable spacecraft application. This in- 
strument measures the physical or me- 
chanical processes associated with heart 
contraction and the. displacement of the 
center of gravity of the thorax in rela- 
tionship to a specific support, such as 
a table or possibly a cosmonaut’s couch. 

Through the device, which measures 
30 x 30 cm and is 5-10-mm thick and is 
supported by elastic elements, the forces 
acting from the thorax of the subject 
which ‘“‘deform’’ the elastic elements are 
translated into electrical signals. With 
this tool, mechanical manifestations of 
cardiac activity not available through 
electrocardiograms, blood pressure and 
other methods could be obtained. 

Soviet sources report that this instru- 
ment, which can be used as a flat case 
or portable device that can be placed 
directly under the subject’s thorax, is 
now being mass-produced in the Soviet 
Union. 

They say they divide their bioinstru- 
mentation into two “blocks.” The medi- 
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cal control block includes instruments 
for electrocardiography (EKG), meas- 
urement of chest perimeter (CP) and 
motor activity (MA) and thermometry 
(M). The second block, presumably the 
non-continuous measurements, are those 
concerned with medical investigations. 
They include electric activity of the 
brain (EEG), electric activity of the 
eyes, cutaneogalvanic reaction (CGR), 
maximum and minimum arterial pres- 
sure, muscular fatigability, impairment 
of coordination of movements, and other 
special tests. 

One of the experiments involved 
writing with an actograph, in which the 
subjects tried to reproduce a previously 
memorized assigned set of symbols or 
letters. These were performed on a 
small platform with electrical pickups 
which signaled changes in the speed 
with which the pencil moved vertically 
and horizontally. Impairment of fine 
coordination was extrapolated from the 
differences in first and second versions 
of this test during the flight. Changes 
occur during the early phases of the 
flight, the Soviets say, with a stabiliza- 
tion after a sleep period. 

® Ground tests—The Soviets also 
appear to be carrying out an extremely 
ambitious program of ground simula- 
tions, which have lasted from 10 to 120 
days. These tests apparently have been 
aimed at atmosphere and microflora in- 
vestigations, with other effects simulated. 
These included small doses of ionizing 
radiation, periodic rises in temperature, 
noise and other environmental changes. 

One of the unexpected results was 
the discovery that the cabin air, in the 
absence of any equipment which pro- 
duced carbon monoxide, still contained 
this gas. The source was found to be 
the men, who produced CO as a result 
of biochemical conversions which the 
Russians said have been insufficiently 
studied. This concentration of carbon 
monoxide caused autointoxication, 
which was detected by definite changes 
in the central nervous system and by 
analysis of the blood. 

Bacterial count also increased con- 
siderably with time, and the concentra- 
tion on the men’s skins became more 
and more dense as the bactericidal prop- 
erty of the skin was lost. U.S. scientists 
have found that in similar experiments 
there is a leveling-off period as the 
natural balance is established among the 
occupants of a sealed chamber and the 
equipment. 

The Russians also divided the 
ground tests into a series of phases. In 
the first phase, from 10 to 15 days, meas- 
urements of the circulation regulating 
system indicated that “a certain inert- 
ness” developed. The same kind of re- 
action was apparent in the gas inter- 
change system, where the efficiency of 
its work was considerably decreased. An 
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inhibiting process was also observed in 
the central nervous system and adrenal 
cortex. 

Next phase is an adaption period, 
with a normalization of functions. How- 
ever, the Soviets said they noticed an 
increased fatigability. The Soviets used 
the term “asthenization,” to describe the 
total condition of reduced working ca- 
pacity, enhanced fatigability, change 
in the sleep function, weakening of 
immunal reactivity, reduction in the 
functioning of the cariovascular system, 
decrease in efficiency of physical work 
and changes in the nervous processes. 

After 60 days, they said, the sub- 
jects emerged with another reaction. In 
this, the asthenization actually deepened 
for a period. This state lasted about two 
months. The Soviets then conducted 
tests lasting 120 days, in which they 
applied additional means of purifying 
the air to remove bacteria and contami- 
nants, ultraviolet irradiation of the sub- 
jects’ skin, increased vitamin intake and 
special physical exercises and drugs. 
This, coupled with a more gradual tran- 
sition from ordinary life conditions, con- 
siderably decreased the intensity and 
duration of the reaction, the Soviets 
said. 

® Accelerations—The Soviets seem 
to have less hesitancy about using drugs 
for various purposes in decreasing 
stresses in spaceflight than do U.S. doc- 
tors, who are reluctant to use them since 
drugs used for one-purpose usually will 
have effects on other aspects. 

Soviets have used white mice, rats, 


NASA Readying Advanced 
Life-Support System RFP’s 


NASA’s Office of Biotechnol- 
ogy and Human Research in the 
Advanced Research and Technol- 
ogy Division is reportedly prepar- 
ing two new requests for propos- 
als for development of advanced 
life support systems. 

The first is to be an “inter- 
mediate” system, which would 
support a multimanned crew from 
six months to a year. The second, 
which would be procured through 
Ames Research Center, would be 
a long-term system capable of sus- 
tained operation from one to three 
years. 

If the contracts follow the pat- 
tern usually foilowed by this of- 
fice, the equipment to be designed 
will be flight-prototype. NASA 
now has developed a six-month 
system, which calls for 90-day 
resupply of some components. 
This was developed under a con- 
tract to General Dynamics/ Astro- 
nautics. 


rabbits and dogs, in tests in which they 
administered strychnine, epinephrine, 
norepinephrine, benzadrine, phenatine, 
caffeine, cardiazol, chloral hydrate, and 
sodium pentathol. 

Best results, they say, have been 
with strychnine, some sympathomimet- 
ics, and anesthetics. White mice in- 
jected five times with small doses of 
strychnine were able to tolerate 6.6 
g’s more than those in the control group, 
and mice exposed to 6.6 g’s had a sur- 
vival rate of 21% higher than controls. 
Dogs and rabbits also suffered less se- 
vere effects on the functions of their 
hearts when injected with strychnine. 
Varying doses of the other drugs also 
produced beneficial effects. 

The Russians said that care must be 
used in administering these drugs, how- 
ever, because the degree of sensitivity 
of the animals changes with exposure to 
flight and new environmental factors. 

In particular, they said, ionizing 
radiations and accelerations may pro- 
duce changes in the animal’s bodies 
which turn a formerly beneficial drug 
into a poison. 

In studying the effects of accelera- 
tions on humans (the Soviets said that 
they have completed about 500 ex- 
periments using about 70 subjects), the 
scientists disclosed that they found that 
optimum conditions were created when 
the angle between the total acceleration 
vector and longitudinal body axis ap- 
proached 80°. 

At a 12-g acceleration, they said, 
the 80° angle offers two to three times 
more endurance than does a 65° angle. 
Pure oxygen “considerably improved 
the morale of the subjects,” a report 
by Soviet scientists A. S. Barer said. 

Subjects were monitored for EKG, 
arterial pressure, volume indices of ex- 
ternal respiration, electromyograph, 
electroencephalograph, acuity and field 
of vision. In some experiments, X-rays 
were taken of the chest organs and a 
gas analysis performed on exhaled air. 

® Space tools—Material translated 
by Electro-Optical Systems, Inc., re- 
ports on Soviet development of three 
tools which could be used in weightless- 
ness to repair space vehicles. 

The first is a combination flat-nosed 
plier and wrench with two spring-con- 
nected handles for tightening or loosen- 
ing bolts. The second, which Russian 
sources imply is for use on liquid-pro- 
pellant systems with their many fittings, 
is a combination of two wrenches. This 
is arranged so that the torque applied 
to the first handle is counteracted by 
using the second as an anchor. 

Third is an electrical, battery-op- 
erated device in which torque is elimi- 
nated by a counter-rotating shaft hous- 
ing. This tool apparently operates on 
the same principle as one developed by 
the Martin Co. and Black and Decker 
Tools for the Air Force. a 
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The News in Pictures 


ABOVE: Air Force/Lockheed SR-71 strategic re- 
connaissance aircraft is publicly shown for first time 
at Edwards AFB, Calif. Plane will be assigned to 
SAC’s Beale AFB, Calif., next year. LEFT: NASA/- 
Marshall Space Flight Center Saturn V Static test 
booster (S-IC-T) being assembled at Marshall. 
Shown here is forward end of 33-ft.-dia. booster, 
including forward skirt, liquid oxygen tank and 
intertank section. BELOW: Douglas Saturn S-IVB 
upper stage enroute to Seal Beach, Calif., where it 
began three-week, 6,000-mi. trip by barge and 
freighter to MSFC, Huntsville, Ala. BOTTOM: 
Scientists inspect Apollo boilerplate Command 
Module after “letter perfect” Dec. 8 flight test (see 
cover) simulating catastrophic launch vehicle failure 
under maximum aerodynamic pressure to test Apollo 
launch escape system. 


Technical Countdown 


ASTRONAUTICS 
Soviet Style SNAP 10A Developed 


The USSR has developed a nuclear reactor for space 
applications. The unit, according to an Electro-Optical Sys- 
tems, Inc., translation of an article in the September tech- 
nical supplement of Pravda, weighs an estimated 500 Ibs. 
with an output of 500 watts, 88 amps, through direct control 
of reactor heat with beryllium reflectors. Silicon-germanium 
thermoelectric elements are located on the exterior side of 
the reflectors for cooling and on the interior side for active 
zone heating to a temperature of 1,770°C. Nicknamed 
“Romashka”’ (Daisy), it uses enriched U-235. The Russians 
claim to have run it continuously 400 hours without failure. 
The Daisy is comparable in power levels to the U.S. SNAP 
10A power source, but since the SNAP unit has heavy shield- 
ing instead of reflectors and uses a NaK loop, its weight is 
about 950 Ibs. The SNAP approach is believed to be more 
feasible for higher power output than the reflector method. 


SPACE MEDICINE 


Apollo Earth-Orbit Space Suits Under Contract 


The David Clark Co. of Worcester, Mass., will submit 
a cost proposal for an Apollo early Earth-orbital space suit 
assembly based on the Gemini design. NASA’s Manned 
Spacecraft Center requested the proposal from Clark. The 
firm has a contract for the Gemini suits and the add-on will 
involve a modified Gemini suit incorporating anticipated 
minor changes. A separate contract will be negotiated at a 
later date for the Apollo early orbit suit as part of the current 
| Gemini contract with the company. 


| Hi-Speed Low-Altitude Tests Planned 
| 


A new four-degree-of-freedom g-seat is being checked 
out at North American Aviation’s Columbus Div. simulation 
laboratory. The seat moves 20 ft. in vertical translation, four 
feet in lateral translation, 30 degrees in pitch, and 90 degrees 
in roll. The device will be used to study the problems of 
low-altitude, high-speed flight. A dummy will be used in 
some of the tests. 


| Simulated MOL Tests Slated 


The Air Force School of Aerospace Medicine will con- 
duct a series of experiments with volunteer airmen living on 
an experimental liquid diet while confined in a space cabin 
simulator for 30 days. Altitude will be 19,000 feet, with 
atmosphere 50/50 oxygen/nitrogen. In each test, food and 
| water requirements, respiratory gas exchange, gastroin- 
testinal function, microbiological factors, dental health, and 
| psychological factors as they contribute to the nutritional 
health of the subjects will be monitored. The tests are aimed 
at requirements of the Manned Orbiting Laboratory. 


ELECTRONICS 
AROD System Funded 


Motorola’s Western Military Electronics Div. was 
awarded a $2-million R&D contract Dec. 8 by NASA’s 
Marshall Space Flight Center to develop the Airborne Rang- 
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ing Orbital Determination (AROD) system. Under the 15- 
month program, the Scottsdale, Ariz., division will design 
and build a flight tracking system for use with ground radar 
beacons, thus reversing the usual roles of ground and flight 
systems in the tracking operations. The flight hardware, using 
integrated circuits and other microminiaturized subsystems 
wherever possible, will employ a CW, S-band radar to pro- 
vide either launch vehicles or spacecraft with position and 
velocity data. For each interrogation, three ground beacons 
will be required for the trilateration measurement approach. 
Navigational inputs thus derived in the space vehicle in near- 
real-time will be fed directly to the craft's guidance system or 
displayed. 


Seeing High-Temperature Crystal Growth 


Difficulty of microscopic study of semiconductor or laser 
crystal growth because of high temperatures and excessive 
self-radiation is overcome in a furnace developed by Astro 
Research Corp., Santa Barbara, Calif. Crystal is illuminated 
by ultraviolet light and viewed through an image converter. 
Infrared and visible radiation is screened off. 


PROPULSION 


Valveless Rocket Under Contract 


Rocket Research Corp. will develop its valveless rocket 
(M/R, Sept. 28, p. 18) for the Applications Technology 
Satellite Program under a $1,312,063 cost-plus-incentive-fee 
contract with Hughes Aircraft Co. Two types of control 
device will be built—one having a thrust level of 10-° lb. and 
the other 10-¢ lb. The motors will handle station keeping and 
other corrections for gravity gradient stabilized satellites 
at stationary altitudes and also at medium altitudes under 
the program. The valveless rocket uses on-board electrical 
energy to sublimate a solid propellant. 


UTC To Look at Large Rocket TVC 


United Technology Center will examine the use of its 
Titan III-C thrust-vector-control system on larger rockets 
under a 90-day study contract from NASA. The specific 
propulsion system involved is a half-length, 260-in.-dia. solid 
rocket currently in development for NASA. The 120-in TVC 
system for the Titan III-C has demonstrated a side force of 
more than 100,000 Ibs. In operation, the steering force is 
achieved by injecting nitrogen tetroxide into the nozzle. 


MATERIALS 


Uniform Carbon Laminated Panels Developed 


Carbon cloth laminated panels up to 4 in. thick and using 
a phenolic resin are said to be 100% uniform in structure by 
their developers, the Aerospace Div. of Haveg Corp. The 
liminated cloth panels are cured at 1,000 psi in a newly 
built, electronically instrumented hydroclave. Haveg Aero- 
space claims to have eliminated the delamination problem 
through a technique of molding with controlled, uniform 
heat during the critical phase of the curing cycle. The elec- 
tronic controls assure uniformity over long production runs. 
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propulsion engineering 


Non-Eroding Nozzle 
Under Development 


Curtiss-Wright’s graphite wedge unit is particularly 


suited for applications calling for high-energy propellants 


Woop-RIDGE, N.J.—A pyrolitic 
graphite wedge-nozzle concept is being 
developed by the Wright Aeronautical 
Div. of Curtiss-Wright Corp. for current 
and future high-performance rocket en- 
gines. 

The nozzles are particularly suited 
for advanced propulsion systems de- 
manding long continuous and intermit- 
tent firings with high-energy propellants. 
The Wright nozzle works better with 
fluorine than with conventional Earth- 
storable propellants. 

The wedge nozzle consists of tapered 
pyrolitic graphite plates stacked circum- 
ferentially around the longtitudinal axis. 
The number of these wedges required 
for a given nozzle assembly is deter- 
mined by the ratio of the outside diam- 
eter to the inside diameter of the wedges, 
and the thickness of the pyrolitic graph- 
ite plate available. Initial firing tests re- 
veal no detectable erosion. 

@ Long history in graphite—The 
wedge concept evolved from several 
years of working with pyrolitic graphite. 


THIS WEDGE NOZZLE/nested leaf 


spring design was used in a recent F; firing. 


by John F. Judge 


George S. Kelley, manager, missile and 
space propulsion department at the 
Wright Aeronautical Div. calls the ma- 
terial a prime contender for these en- 
gines because of its high-temperature 
strength and anisotropic nature (conduc- 
tive in one direction and insulative in 
the perpendicular direction). 

Early work at the Division resulted 
in a wafer design approach to pyrolitic 
graphite heat sink nozzles. In this con- 
cept, the graphite plates are stacked per- 
pendicular to the nozzle centerline. A 
second innovation included tapered wa- 
fers. 

Test firings were initiated in July, 
1961, with the wafer concept. Subse- 
quent firings and analyses pointed out 
several inherent limitations. 

There were problems in high thermal 
axial expansion and a limited heat-sink 
ability. There was also a re-start limi- 
tation. In the wafer design, heat flows 
radially outward along the conducting 
planes of the pyrolitic graphite, and 
since the plates act as insulators in the 
axial direction, essentially all the high 
heat input at the nozzle throat must be 
absorbed by the wafers at the throat. 

The only route to increasing the heat 
capacity of the design is to increase the 
diameter of the nozzle insert section. 

@ Thermal escape paths—In the 
wedge concept, the heat flows from the 
throat area to the cooler portions of the 
nozzle assembly because the pyrolitic 
graphite planes of high thermal con- 
ductivity are located in the radial and 
axial direction. 

Wright designers can restrict the 
amount of heat entering the convergent 
and divergent portions of the nozzle, 
making more heat-sink volume available 
for the throat section. This is achieved 
through a choked wedge design where 


OPPOSITE PAGE: Combustion 


chaniber pressure test trace of 
above nozzle in 85-sec. firing at 
1,500 Ibs. thrust. Slight drop is 
caused by nozzle expansion—not 
erosion. 


the restriction can be as simple as ma- 
chining a gap in the wedge. 

The result is a throat running cooler 
for a longer period of time. 

Kelley says the thermal criterion in 
designing such nozzles is not the melt- 
ing point of the graphite but what he 
defines as “the threshold of erosion.” 
This is based on the chemical reactions 
of liquid-engine exhaust products with 
the pyrolitic graphite. 

These chemical reaction rates are 
exponential with temperature and a 
well-defined temperature band exists 
where reaction rates are high enough to 
produce a measurable erosion rate. 

For example, the threshold of ero- 
sion is between 3,500° and 3,800°F 
with N-2O;/UDMH-N:H: and _indica- 
tions are that it rises to the 4,200° to 
4,500°F area in fluorine propellants. 

In comparing the various pyrolitic 
heat-sink designs, the significant param- 
eter as defined by Kelley is the firing 
time to reach this plateau. The wafer, 
wedge and choked wedge concepts are 
90, 183 and 305 seconds, respectively, 
in comparison tests—with all conditions 
identical. 

@ Early problems—Early efforts 
with wedges proved to be fairly difficult 
because of the anisotropic expansion 
characteristics of the configuration. ‘The 
high axial expansion meant the restrict- 
ing bands had to be designed to accom- 
modate this growth. Otherwise, the 
stresses introduced led-to nozzle failure. 

Kelley and his group solved this 
initially by restricting the wedges 
through a leaf-spring arrangement. This 
design has now been changed to what 
is called a watchband sleeve. This is a 
solid metal band with machined holes, 
which acts like a spring. 

The wedges themselves meet at the 
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throat section on machined lands. This 
again helps to overcome the differential 
expansion properties of the graphite in 
the nozzle configurations. The gaps be- 
hind the lands may have future applica- 
tions in gas-cooled nozzle designs. 

Each wedge is fabricated from pyro- 
litic graphite slabs to precise specifica- 
tions. A number of tests are performed 
on material cut from each wedge-slab, 
and a complete quality check is thus 
built along with the nozzle. 

Final machining is performed on the 
assembled nozzle and the final checks 
are largely dimensional. 

® Limitless life—tIn all the firings to 
date, there has been no detectable ero- 
sion, even though the nozzle is formed 
from discrete sections with interfaces in 
the critical throat area. 

The spring action of the watch band 
provides an initial pre-load on the lands 
of the wedges in the nozzle, It main- 
tains this during the firing. The initial 
pre-load is set so that gas pressure will 
not result in gaps between the wedge 
land surfaces. 


NOZZLE DESIGN comparisons with all 
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Curtiss-Wright has conducted well 
over 200 hot firing tests on pyrolitic 
graphite nozzle designs over the past 
3¥% years. The thrust levels ranged from 
50 to 5,000 lbs. with chamber pressures 
from 50 to 1,200 psia. 

Wedge nozzle designs have not 
shown any evidence of erosion after as 
many as nine engine re-starts. The many 
tests have also been in complete agree- 
ment with theoretical results from three- 
dimensional thermal and anisotropic 
structural analyses. 

The latest test—involving fluorine— 
was part of a contract with the Air 
Force propulsion labs at Edwards Air 
Force Base. The results are classified, 
but the general indications are that the 
test was extremely successful. 

@® Funding—The graphite work at 
Curtiss-Wright has been largely a com- 
pany funded effort, with some Air Force 
support. Patents are now being issued 
for some of the wafer designs. 

The nozzle work under Kelley is 
coupled to an engine design ability. The 


optimum operation of a nozzle in any 
conditions identical. NOZZLE concepts 
WAFER 


SSS ee 


TAPERED WAFER 
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given application is not only a function 
of nozzle design but depends on engine 
characteristics such as injection modes, 
propellant mixing, combustion and 
other system parameters. 

Kelley’s group has engine designs 
based on the pyrolitic graphite concepts 
and a swirl-cup injection scheme. The 
technology involved is being applied to 
NASA’s Saturn common engine pro- 
posal request. 

@ Thrust range—The propulsion 
area covered by the development in- 
cludes thrust levels from 50 lbs. to 5,000 
Ibs. and beyond—using high-energy 
liquid propellants. The pyrolitic nozzle 
is ideal for high-energy solid propellant 
applications. In fact, this is where 
Curtiss-Wright initially started its de- 
velopment effort. 

The back-up insulation in the cur- 
rent nozzle configurations is usually a 
standard grade of conventional graph- 
ite. Kelley says some work has been 
done in pyrolitic graphite combustion 
chambers, but the general feeling is that 
plastics can do the job as well. a 


with conducting direction indicated. 
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Space systems 


Venus Swingby Would Permit Using 
Saturn Hardware on Manned Mars Trip 


STL study for NASA also recommends use of aerodynamic breaking 
at both Mars and Earth; SISD investigates use of Apollo hardware 


STUDIES UNDER WAY for 
NASA suggest that manned flyby and 
landing missions to Mars could be a 
direct follow-on to the Apollo pro- 
gram, utilizing an Apollo Earth-entry 
system and Saturn V launchers. 

Feasibility investigations give em- 
phasis to using Apollo equipments in 
the flyby mission wherever possible. 

Industry sources believe weight and 
propulsion requirements of the Mars 
mission could be cut down to Apollo 
size and technology by two means: 

—Use of the gravitational field of 
Venus to decelerate the spacecraft on 
the return trip, greatly reducing Earth- 
entry velocities to a range of 40,000 to 
50,000 fps, compared with 46,000 to 
nearly 70,000 fps for the direct Earth- 
Venus mode. 

—Use of aerodynamic braking at 
both Mars and Earth. It is believed 
Earth-entry velocities resulting from 
the Venus swingby could be handled 
with aerodynamic braking, in some 
cases by Apollo-type entry design. Fur- 
ther investigation is recommended into 
the problem of entry at higher veloci- 
ties up to 70,000 fps to establish feasi- 
bility and set practical upper limits on 
Earth-entry velocities. 

Studies report that by utilizing 
these means a manned Mars landing 
mission could be accomplished with 
four to six launches of conventional 
Saturn V vehicles, or three to four 
launches of an uprated Saturn V. 

@ New  thinking—One industry 
source described the approach as a 
“breakthrough in thinking over older 
approaches which used retro-braking 
almost exclusively. This resulted in size 
becoming very big, and it got into the 
region where nuclear systems were 
very attractive, if not mandatory. Now 
we get back to where we can use con- 
ventional propellants again, and to a 
size where Saturn boosters and a modi- 
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by Willard E. Wilks 
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HELIOCENTRIC LONGITUDE OF EARTH-MARS OPPOSITION 


HELIOCENTRIC positions of Mars spacecraft with respect to Venus during inbound 
passages. Proposed Venus return mode is achievable in 9 of 14 opportunities. 


fied Apollo Command Module could be 
used.” 


North American Aviation’s Space 
& Information Systems Div. has been 
investigating use of existing Apollo 
hardware for a manned Mars fiyby 
mission, and TRW Space Technology 
Laboratories has recommended the 
Venus swingby mode and aerodynamic 


entry in a study performed for NASA’s: 


Ames Research Center. 

The STL investigation considered 
a number of round-trip missions rang- 
ing to 500 days, with time spent around 


and on Mars varying between 10 and 
60 days. 

The study assumed a Mars atmos- 
phere density of 2% of Earth’s, based 
on current models, with entry veloci- 
ties of 25,000 to 30,000 fps encoun- 
tered. For Mars entry, a_ relatively 
pointed body probably would be nec- 
essary because of the presence of CO: 
in the atmosphere, giving rise to strong 
radiation heating over blunt shapes. 

According to the STL investigation, 
use of aerodynamic rather than pro- 
pulsion braking at Mars would reduce 
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Annual Report—1964 


TECHNICAL HIGHLIGHTS FROM A 
RECORD YEAR OF RESEARCH 


In the past fiscal year, Cornell Aeronautical Laboratory carried out contracted and 
internally sponsored research of a record volume—some $19 million. A report covering 
some of this research and its accompanying advances in technology has just been issued. 
Here are some of that report’s technical highlights. 


@ Jn aerodynamics, we ranged from the low-speed to the 
hypersonic regime: One program has been aimed at an im- 
proved method of predicting the performance of propellers 
on tilt-wing VTOL aircraft, another is leading to a better 
understanding of communications blackout experienced by 
space vehicles entering the earth’s atmosphere. 

@ In aircraft dynamics, CAL’s research and testing with 
variable stability aircraft took on new impetus: Using the 
variable stability, variable drag T-33, longitudinal flying 
qualities in the landing approach condition were investigated 
for the first time by in-flight simulation techniques. Research 
began on the Bell X-22A VTOL which will give it a unique 
capability for in-flight simulation over its entire flight regime, 
including transition. 

@ In atmospheric physics: A model of the structural prop- 
erties of warm fog was constructed and a method of control- 
ling the growth of individual fog droplets devised. Echoes 
from the aurora were detected with CAL’s High Power radar 
at the unusually high frequency of 2850 megacycles. 

@ In computer sciences: Pattern recognition techniques 
have resulted in 77% accuracy in predicting solar flare —a 
serious threat to astronauts —- with significant improvements 
anticipated. A new high of 95% recognition performance by 
a perceptron in aerial photo-interpretation of noisy target 
silhouettes was scored. A special purpose computer which 
automatically detects and locates targets to the limits of in- 
formation available from the search radar was designed and 
delivered to the Navy for shipboard evaluation. 

@ In electronics: A low-level, terrain following subsystem 
of the Integrated Helicopter Avionics System was designed 
and evaluated. The design of antennas for a thermal environ- 
ment of 2000°F was investigated. Dence electron and ion 


emissions were obtained from a laser-illuminated cathode 
with important applications in electric propulsion, surface 
technology and electronics. 

@ In experimental facilities: A new 96-inch high energy 
shock tunnel became operational, providing a Mach 5-30 
velocity range with stagnation temperatures reaching 8000°K. 
The long-duration Wave Superheater hypersonic tunnel 
showed increased usage with emphasis on material ablation 
investigations in a high-shear, high heat flux environment; 
rotor discharge conditions in the Superheater reached as high 
as 7200°R and 110 atmospheres. 

® In radar signature technology: For missile defense, we 
changed emphasis from discrimination techniques effective 
before re-entry to those during re-entry; progress was made 
in the attendant problems of data processing and computer 
techniques to effect recognition. To improve survivability of 
tactical aircraft, techniques were evolved for reducing the 
radar cross section of Army and Air Force aircraft. 

e@ In reconnaissance: The application of spectral photo- 
graphic techniques to counter insurgency environment was 
evaluated and an investigation made of optical and digital 
techniques for target enhancement as pre-processing for 
automatic recognition. 

@ In systems research: CAL’s long-standing efforts to en- 
hance AICBM terminal defense were complemented by re- 
search to determine the amount of satellite shape information 
that can be obtained with a ground based multistatic radar 
array. Evaluation began of the effectiveness between various 
penetration aids for modern Air Force tactical fighters. The 
characteristics of Army air traffic in the battlefield area 
underwent investigation to determine the critical problems 
of air traffic regulation. 
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spacecraft gross weights in Earth orbit 
by a factor of at least two. 

@ Comparison with direct mode— 
Robert L. Sohn, STL study director, 
reported that advantages of the Venus 
swingby mode can be demonstrated by 
comparing it with the direct mode for 
a typically unfavorable year, 1975. 
Using the direct mode would result 
in an Earth-entry velocity of 65,600 
fps. But if the return trajectory were 
adjusted slightly so the spacecraft made 
a dark-side passage of Venus at an 
altitude of about 3,300 km, Earth-entry 
velocity would be 44,000 fps. 

From 1971 to 1999, Sohn reports 
the proposed Venus return mode is 
achievable in 9 of 14 opportunities, 
with no increase in propulsion require- 
ments, since Mars landing missions are 
found to be very flexible in regard to 
achieving a rendezvous with Venus. 
During the period of mission oppor- 
tunities considered, it was found that 
about 75% of missions could use 
swingby to reduce Earth-entry velocities. 
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If hydrazine is used to shield the 


spacecraft’s command center from 
solar flares, it could double as a retro- 
rocket fuel to provide the means of 
reducing Earth-entry velocity even fur- 
ther, down to the Apollo system level. 

The Venus swingby also can be 
achieved on the outbound trip from 
Earth, but in this instance Venus would 
be used to accelerate the spacecraft 
toward Mars with the gravitational 
whip effect, thus reducing the Earth 
departure propulsion requirement. Re- 
sult is the same, with Earth-entry veloc- 
ity reduced to less than 45,000 fps on 
return. It may be possible to utilize this 
mode to cut the spacecraft gross weight 
penalty associated with unfavorable 
years, such as 1980, while still main- 
taining the lower Earth-entry velocity. 

@ Advantages outnumber draw- 
backs—STL notes no adverse effects 
of the Venus swingby mode in most 
cases. At any rate, advantages far out- 
weigh the disadvantages, according to 
Sohn. Advantages include an inspec- 
tion of Venus during a Mars mission. 


Two disadvantages noted: an increase 
of 15-20% in trip time, and a more 
complex mission profile. 

At the same time, however, Earth- 
and/or Mars-launch holds can be ac- 
commodated, and navigation require- 
ments for the Venus gravity turns are 
no more stringent than for aerodynamic 
entry at Mars or Earth. 

The spacecraft design developed 
during the STL study was of a central 
mission module of 260-in. diameter, 
containing the basic crew quarters, 
Earth-entry module and, in the case 
of the stopover mission, a Mars Ex- 
cursion Module (MEM) housed in the 
main spacecraft. 

Aerodynamic deceleration was as- 
sumed for the MEM, with terminal 
touchdown accomplished by parachute 
and retrorocket. 

Mars stopover missions could be 
“converted” to Mars flyby missions 
with use of moderate powered turns 
during the Mars passage, STL suggests. 
Spacecraft arrivals and departures from 
Mars are near the aphbelions of transfer 
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DOWN HERE 
RELIABILITY AND SUCCESS ARE SYNONYMOUS 


To us this means a requirement for: A diesel electric 
set for the Environmental Control System of a missile 
launch control facility, delivering continuous KW for 2500 
operational hours—in a three-year period—without service 
attention of any kind! 


This missile assignment meant refining our commer- 
cial reliability program, so we could give a specific mathe- 
matical probability that a special engine package would 
perform its mission. 


Our research group directed its effort to meet these 
military requirements by the utilization of data compiled 
in conjunction with our commercial programs. 


Diesel Power and the Bathtub Curve 
Prior work included examination of published studies 
of pre-wearout failures in compound machines. Dr. Morris, 
of Imperial Chemical Industries, Ltd., had identified two 
types of failure faults, Stage | and Stage II. 


Initially we plotted failure fault curves. These were 
established by detailed studies of field service reports 
of engine failures and basic engine test programs chart- 
ing failure events as they occurred. 


Analysis and comparison of these curves with the 
Bathtub Curve, familiar to reliability people, revealed a 
mathematical relationship. We then established the 
bathtub, or failure rate, curve for Caterpillar Engines. 


A Predictable Pattern 


In our test and study program we found, right at the 
start, the Stage | faults—the few with high probability of 
occurrence—did happen as predicted. These were often 


Caterpillar Tractor Co., General Offices, Peoria, fll. - Caterpillar Americas Co., Peoria, Ill. - Caterpillar Overseas S.A, Geneva - Caterpillar of Australia Pty.Ltd, Melbourne - 
Brasil S.A, S30 Paulo ~ Caterpillar Tractor Co. Ltd, Glasgow - Caterpillar of Canada Ltd, Toronto - Caterpillar France S.A., Grenoble - 


traced to human error. Some components were predis- 
posed to fail in Stage |. In diesel generator sets, for 
example, special relays and diodes of 50% more capacity 
were added to the control circuit. Hose clamps were 
replaced by sealed flange joints. Gauges were removed 
completely. Instead, engine inspection kits include a 
full set of test gauges. 


New Designs Required 

Ultimately, analysis of potential failure points revealed 
the need for designing additional capacity oil and air filter 
systems and an entirely new cooling system. These 
changes, with attention to detail, were, in terms of the 
reliability objective, highly rewarding. 

With .90 reliability for a 2500-hour mission achieved, 
Cat Diesel Electric Sets are ready for missile duty. 


From this reliability program have come significant 
benefits to the research for a new VHO engine family for 
tactical and logistical vehicles. The battlefield reliability 
standard for these engines was set at .95 for 500 hours— 
without major breakdown. This Research project for ATAC 
is already in the building stage. 

If you have a vehicle or power problem with a high 
reliability factor, why not bring it to the people who were 
successful with the first full-scale reliability effort in the 
diesel industry? Write or call Defense Products Depart- 
ment, Caterpillar Tractor Co. 


CATERPILLAR 


Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co. 
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trajectories, and velocities are rather 
low during passage. 

Most of the turning maneuvers 
would be accomplished with use of the 
planet’s gravitational field, but generally 
must be augmented with propulsion. 
The powered turns would vary between 
1,600 and 5,000 fps. 

For the flyby modes, the Venus 
swingby technique is used to reduce 
both Earth departure and Earth return 
velocities to values much lower than 
those associated with direct flyby modes. 
The results of STL’s study of fiyby 
missions utilizing swingby and powered 
turns at Mars indicate the Earth de- 
parture plus powered turn propulsion 
requirements do not exceed 20,000 fps 
over the cycle of favorable to unfavor- 
able mission opportunities. Direct flyby 
requirements reach 30,000 fps. At the 
same time, Earth-entry velocities do not 
exceed 48,500 fps for swingby modes, 
but reach 54,500 fps for direct modes. 

® Design weights—Design analysis 
indicated a total spacecraft weight in 
orbit of about 440,000 lIbs., allowing 
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for launch holds, navigation correc- 
tions, and solar radiation and micro- 
meteoroid shielding. This included an 
Apollo Earth re-entry module modified 
for six men, with additional material 
added for entry velocity of 40,000 fps; 
a mission module structure weighing 
17,186 lbs., and a command center 
shielded with 11,254 lbs. of hydrazine 
for radiation protection. 

The spacecraft could be launched 
into Earth orbit with one uprated Sa- 
turn V, or with two conventional Saturn 
V vehicles. The spacecraft propulsion 
system was assumed to use two Lunar 
Excursion Module (LEM) engines. 

© Factors affecting schedule—The 
study pointed to two factors affecting 
the schedule for manned Mars missions. 
One is the Apollo program, which al- 
lows no large funding for manned inter- 
planetary missions through the 1960's 
with the possible exception of the 
Manned Orbiting Laboratory (MOL) 
program. Here it makes a distinction be- 
tween MOL and more elaborate sta- 
tions, regarding the latter as unnecessary 


to support the manned Mars missions. 

The other factor strongly affecting 
the schedule is the degree to which the 
Apollo system can be utilized. Space- 
craft gross weights in Earth orbit can be 
reduced to about 1.5 million lbs., with 
all-chemical propulsion, if aerodynamic 
braking is feasible at both Mars and 
Earth. 

The Manned Space Flight Center 


‘ currently is studying uprated versions 


of the Saturn V, which would reduce 
to three or four the launches required. 

“If, in addition to aerodynamic 
braking at Mars, a Venus swingby mode 
is used to reduce Earth-entry velocities,” 
reports STL, “the Apollo Earth-entry 
system can be utilized. Hence a manned 
Mars stopover mission can be achieved 
with the Saturn V launch system, all- 
chemical spacecraft propulsion (J-2, 
RL-10, LEM engines) and an Apollo © 
Earth entry system.” 

If an early Manned Orbiting Lab- 
oratory were in operation by 1970, al- 
lowing design criteria to be developed 
for the Mars flyby mission, a flyby 
could be scheduled for 1975, the study 
suggests, if Apollo-Saturn equipments 
and operations were utilized to a high — 
degree. The Mars stopover mission 
would be scheduled for the 1980 op- 
portunity. 

@ Developmental sequence—The 
STL investigation suggests the following 
sequence of developments: 

—The Apollo system is developed, 
yielding the Command Module, a life 
support system, and orbital rendezvous 
operational techniques, and the Saturn 
V launch vehicle (in development). 

—An extended duration Apollo 
Command Module, life support system 
and mission module (which replaces 
the LEM vehicle) is developed as an 
early manned orbiting laboratory, yield- 
ing design criteria for the flyby mission. 
(This step is in detailed study phase, 
in more than one form in industry, in- 
cluding North American). 

~——A manned Mars flyby vehicle 
would be developed using a modified 
Apollo Command Module, an enlarged 
life support system, and an enlarged 
mission module (with new subsystems). 
A single uprated Saturn V launcher 
would be used, or two standard Saturn V 
launchers in an Earth-orbital rendez- 
vous mode. (This is in the feasibility 
study stage.) 

~—A manned Mars stopover vehicle 
would be developed using a modified 
Apollo Command Module, the Mars 
flyby life support system and mission 
module, a new Mars excursion module, 
and three to four uprated Saturn V 
vehicles in an Earth-orbit rendezvous 
mode. (This is in the feasibility study 
stage, with emphasis being given to the 
Mars flyby mission using Apollo equip- 
ments wherever possible. ) | 
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Wideband Random 


Narrow Band Sweep Random 


Automatic Sweep Sine 


Mixed Sine-Wideband Random 


Mixed Wideband Sweep Random 


Now vibration-test 5 ways with 1 basic MB system. 
The only one of its kind available 


When you order either the MB 
T288, T388, T289 or T389 multi- 
filter automatic equalization system, 
you get the most unique, versatile 
system available. Each of these sys- 
tems now comes with the N550/N670 
automatic sine wave and sweep ran- 
dom control. Yet you pay no more 
than if you had bought the system 
with a standard vibration exciter 
control and noise generator. 


(... another MB first in vibration testing) 


Theresult: For the first time, on one 
system, you can set up: wideband 
random, narrow band sweep random, 
automatic sweep sine, mixed sine- 
wideband random, and mixed wide- 
band sweep random vibration tests. 

MB multi-filter automatic equali- 
zation systems cut equalization time 
to seconds and eliminate set up time. 
They provide highly accurate equal- 
ization with 80 channels controlling 
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2000 cps or 3000 cps band widths. 

The MB sweep random control 
permits the reproduction of higher 
level acceleration density tests and 
higher pay load tests than the wide- 
band system. Write to MB Electron- 
ics, A Division of Textron Electron- 
ics, Inc., 781 Whalley Avenue, New 
Haven, Connecticut, 06508. 


MB ELECTRONICS 
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RCA Takes Aim on Big Computer Sales 


‘Spectra 70’ Series is designed in four systems increasing 
in speed, capacity and cost; first will be deliverable in year 


PALM BEACH GARDENS, FLa.—Radio 
Corporation of America made its bid 
here last week for a bigger portion of 
the high-speed high-capacity computer 
market during the next decade. 

Offering four new systems, two of 
them employing up to 75% semicon- 
ductor integrated circuits, and 40 sup- 
porting subsystems, the firm has chal- 
lenged the industry leaders with a leap- 
frog technological advancement de- 
signed to compete economically system 
for system. Formal announcement was 


by Charles D. LaFond 


made here by RCA President Dr. El- 
mer W. Engstrom. 

The .series, dubbed Spectra 70, in- 
cludes systems 70/15, 70/25, 70/45 and 
70/55. The first two employ discrete 
electronic-component circuitry; the latter 
two have been designed to include mon- 
olithic integrated circuits in 75-80% of 
the logic circuitry. 

Cost of the new series will vary 
widely. The lower-speed 70/15 proc- 
essor will rent for $800 per month, the 
complete system for about $2,000 per 


SILICON CHIP (center) used by RCA is 1/20 in. on a side, holds two complete 
computer circuits that would normally require 28 separate components to function. 
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month. Outright purchase price will be | 
about $100,000. 

For the largest system, the 70/55, 
monthly processor rental will be $22,- 
500, purchase price more than $1 mil- 
lion. Estimated total cost for the com- 
plete big system will undoubtedly exceed 
$2 million and could easily stretch to 
$3 million, depending on periphery- j 
equipment requirements. ! 

Designed for a multilingual system | 
series, the digital equipment will be 
compatible both within its own systems 
and with the existing RCA 301, 501, 
and 3301, the IBM 1401 series and its | 
antecedents and the newer 360 series. 
Both COBOL and FORTRAN program- 
ming languages will be acceptable to | 
Spectra 70 equipment, said RCA offi- | 
cials. 

First component design and develop- | 
ment for the new series began in 1963 
for the 70/15 and 70/25 systems. In 
1963-64, with the decision to go with 
an eight-bit code and integrated-circuit 
design, the 70/45 and 70/55 system de- 
signs were initiated. However, it was not 
until this year that final designs and 
breadboarding were completed on the 
whole series of equipment. ‘| 

As of now, only the smaller 70/15 || 
system prototype has been completed. 
RCA disclosed with the announcement }| 
of its Spectra 70 series that the 70/15 | 
and 70/25 systems will be deliverable 
in 12 months and the more advanced, 
larger systems in 18 months. All sys- 
tems, said RCA officials, are in produc- 
tion now—at least on a subsystem basis 
—in Camden, N.J., and here in the Palm 
Beach Gardens Electronic Data Process- 
ing Div. plant. 

®@ Technical detailsk—Memory cycle 
speeds of the Spectra 70 data processors 
vary from 2 microseconds (70/15) to 
840 nonoseconds (70/55). Memory 7 
sizes vary from 4096 bytes (eight bits | 
per byte) to 524,288 bytes, respectively. | 

The 70/15 processor is a general- | 
purpose computer designed for small | 


’ 


data systems applications, remote ter- 
minals, and other limited applications 
such as satellite support. It is a char- 
acter-organized, two-address system that 
extracts and restores data to memory 
one byte at a time—one alpha-numeric 
or two decimal digits, or binary. Each 
character is handled as EBCDIC—ex- 
tended binary coded decimal inter- 
change code. 

The 70/25 general-purpose com- 
puter employs a stored program of a 
variety of applications. Similar to the 
70/15 but more powerful, it has a 1.5- 
microsecond-per-byte memory cycle 
and four bytes can be extracted and 
‘restored at a time. Up to 123 terminals 
and peripheral equipments can be oper- 
ated on line with the system. 

Designed for medium to medium- 
large operations, its memory is field- 
expandable from 16,384 bytes to 65,536. 

The 70/45 general-purpose proces- 
sor employs a stored program and is 
designed to be used in a small-to- 
medium-scale integrated computer sys- 
tem. It has a rated memory speed of 1.44 
microseconds per 16 bits. Four optional 
floating-point 64-bit registers are pro- 
vided. 

By employing an intermix of input/ 
output equipment up to 11l-way simul- 
taneity can be obtained Forty-three 
general-purpose 32-bit registers are pro- 
vided by a 300-nanosecond scratch-pad 

memory. 
Designed for use in such applica- 
tions as communications control and 
scientific-data handling, the 70/45 is 
considered by RCA to be suitable for 
large-scale range at relatively low cost 
with respect to performance. 

The 70/55 processor—largest of the 
series—is a word-organized system 
utilizing a stored program and designed 
as a medium-to-large integrated man- 
agement system Its very fast memory 
cycle (840 nanoseconds for four bytes) 
is coupled with memories ranging from 
65,536; 131,072; 262,144; or 524,288 
bytes. Fixed-length data of 8, 16, 32 
or 64 bits may be processed and vari- 
able-length data of up to 256 characters 
(in 8-bit increments) may be handled. 

The 70/55 is capable of handling 
all electronic data-processing needs, 
RCA says. Also, developers say, the 
system’s storage capacity, coupled with 
a 14-way simultaneity and parallel logic, 
assures a system applicability to the 
total management operation 

@ Use of SIG’s—The Spectra 70 
series is believed to be the first broad 
employment of semiconductor inte- 
grated circuits (SIG’s) in commercial 
hardware. 

Measuring only 0.050 in. on a side, 
each silicon chip carries up to 15 tran- 
sistors and diodes and 13 resistors. Each 
chip contains two complete computer 
logic circuits. | 
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We make the pump! 


We'll find an ingenious solution to your most difficult liquid and gas 
handling headaches . . . just as we have been doing for 40 years 
for all major defense contractors and government agencies. Special 
pump configurations, pumping packages and integrated hydraulic, 
cooling and pressurization systems are our business. As the only major 
pump manufacturer in continuous production of all four basic pump 
structures ... gear, vane, centrifugal and piston . .. as well as couplings 
and valves, we can make that phone call pay off. Brief us and we’ll do 
the rest . .. economically and in record time. 


LEAR SIEGLER, INC. ® 
POWER EQUIPMENT DIVISION 


ROMEC FACILITY 
241 South Abbe Road, Elyria, Ohio 44038 
Phone 216-323-3211 


Electro-mechanical systems are designed 
by our Aerospace Facility in Cleveland. 
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~ MAIN WEAPON PENETRATES 


AFTER RELEASE from airborne platform, anti-guerrilla weapon penetrates tree area using “laser radar’ and releases projectiles. 


missile systems 


Low-Cost Missile Has Dual Capability 


Air Force is beginning exploratory development of $1,000 
multi-warhead tactical missile able to hit tanks, seek out guerrillas 


A LOW-COST tactical missile with 
multiple warheads, able to flush out 
guerrillas in a forested area or destroy 
a tank, is going into exploratory de- 
velopment in the Air. Force. 

As an anti-guerrilla device, the mis- 
sile would penetrate a forest at a low 
level, avoid trees by means of laser 
guidance, and discharge its multiple 
warheads either at a programmed time 
or possibly by means of infrared de- 
tection of the enemy troops. 

As an anti-tank device, the missile 
would be aimed visually from a fixed- 
wing aircraft or helicopter platform 
and discharge its warheads in a pattern 
that would best ensure “killing” the 
ground vehicle. If the tank, for in- 
stance, were proceeding along a straight- 
away, the pattern would be an elongated 
rectangle pointing down the straight- 
away. If the path were a sharp curve off 
the road, the warhead pattern would be 
a circle, 

The cost of the complete missile 
with six or seven “satellite” projectiles 
is estimated at $1,000—a conservative 
figure according to a spokesman. for 
the project who said he sees the missile 
possibly costing as little as $300. Re- 
gardless of which figure is used, the 
effect would be to get an extremely 
favorable cost/eflectiveness figure based 
on the dollars needed to “kill” a given 
number of square feet in a tactical 
engagement. 

The anti-guerrilla version of the mis- 
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sile, called “Big Marc,” and the anti- 
tank version, “Big Bill,” culminate two 
years of personal research on the con- 
cepts by Lt. Col. W. C. Athas, Chief, 
Electronics Div., Air Force Office of 
Scientific Research. He was helped in 
some of the details by several Air Force 
R&D groups as well as by industry. 

If the weapon’s guidance system 
lives up to its promise, “the missile as 
an anti-tank weapon could be a signifi- 
cant advance in the state of the art,” 
says Col. Charles C. Smith, Jr., Chief, 
Reconnaissance & Guidance Div., Air 
Force Systems Command’s Research 
and Technology Div. 

Smith made this statement in a re- 
port recommending that RTD pursue 
development of the guidance system 
and low-cost rocket engine, and include 
the project in. the agency’s exploratory 
development program. 

Athas recommends that unsolicited 
proposals from industry for such de- 
velopment be forwarded to the appro- 
priate laboratories at Wright-Patterson 
AFB, Ohio: Avionics, Flight Dynamics 
and System Analysis Directorate; and 
Detachment #4, RTD, at Eglin AFB, 
Fla. 

@ Anti-tank weapon—The anti-tank 
missile is launched at relatively high 
speeds compared with the anti-guerilla 
missile. Both weapons, though, use a 
fully coherent radiation detection and 
guidance system employing an active 
continuous wave gas laser and four co- 


herent solid-state detectors. These de- 
tectors or sensors generate the signals | 
that actuate miniature paper vector con- 
trol rockets, which aid in steering the 
missile to its target. 

In an actual tank attack, the air- | 
plane pilot visually sights on his tar- | 
get. He can be in error as much as 
twelve degrees and still have a high 
probability for a kill. A simple two- | 
degree-of-freedom, gas-actuated plastic | 
gyro built by American Gyro of Los 
Angeles furnishes roll and stabilization 
information at launch and during the 
flight. 

@ Guidance—From the time the 
pilot pushes the fire button for ignition 
of the sustainer rocket until the weapon 
reaches midcourse, the missile is un- 
guided and is stabilized only aerody- 
namically. At midcourse, however, the 
laser beam, which may be split by 
means of mirrors or other devices, is 
reflected by the tank and picked up by 
a sensor array on the nose of the mis- 
sile. This laser return may also be rein- 
forced by the infrared emissions of the 
tank itself. 

The pattern of the laser returns on 
the sensor array determines the needed 
corrections to the missile trajectory as 
well as the required dispersion of the 
satellite projectiles. The corrections are 
put in by suitable firings of small dis- 
crete power packages of solid propel- 
lants, acting somewhat like a string of 
separately ignited firecrackers. These 
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are situated to give corrections in yaw 
while servo-actuated elevons give cor- 
rections in pitch and roll. 

At the same time, the harness hold- 
ing the satellite projectiles is adjusted 
by automatic means to give the dis- 
persal pattern called for by maneuvers 
of the target. 

® Primary propulsion—The main 
propulsion system is a low-cost paper 
rocket engine weighing between 125 and 
150 lbs. fully loaded with propellant. 
It is being developed by the Elkton Div. 
of Thiokol Chemical Corp. as an in- 
ternal research project and was made 
available to Athas together with the 
small steering rockets. 

Philco’s Blue Bell Laboratories con- 
structed the fundamental solid-state co- 
herent radiation detectors and coop- 
perated with Athas in the design of the 
logic used in the detection system. 
Prof. Nicholas George of the electrical 
engineering department, California In- 
stitute of Technology, set up the pre- 
liminary experiments to evaluate the 
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logic of the detection and guidance sys- 
tems. 

@ Anti-guerrilla weapon—The anti- 
personnel missile will be dropped from 
an airplane or helicopter traveling at 
100 to 200 knots. Athas says that the 
standard 100-lb. bomb rack and. release 
system would be used. 

The missile, weighing about 125 lbs., 
the same as the anti-tank weapon, would 
be of the approximate form factor as 
a 100-Ib. bomb. Release would occur 
at altitudes varying from about 500 ft. 
down to tree-top level. The missile 
would travel in a ballistic trajectory un- 
til it reached a specified altitude, which 
could be between 40 and 50 ft. above 
the ground. Then, the missile would 
level off and fly horizontally. 

The time at which pull-out is initi- 
ated would be determined by an optical 
altimeter and would be accomplished by 
aerodynamic lift provided by snap-out 
wings supplemented by  solid-rocket 
thrust. 

After leveling out, the missile with 
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“SATELLITE” PROJECTILE is lightweight, low-cost weapon with plastic body and proximity fuse. 


terrain-following guidance would con- 
tinue to be propelled for several more 
seconds of flight. Velocity would prob- 
ably be below 150 knots and even as 
low as 50 knots in order to keep the 
structure intact while making the turns 
needed to avoid ground obstacles. 

® Tree dodging—To do such dodg- 
ing, the missile will contain a “laser 
radar” type system. The advantage of 
such a system, according to Athas, is 
that its unambiguous return signal re- 
sults in the smallest possible logic sys- 
tem for guidance signals. Athas admits 
that some confusion might be intro- 
duced by foliage, but he is confident 
that this can be filtered out. 

He also expects that the laser de- 
tectors, working in the IR range, will 
be able to recognize the pattern of 
guerrilla concentrations or encampments 
or will be able to home in on ground 
fire. At this point, the multiple war- 
heads would be dispersed and grenade- 
type shot or other debilitating material 
scattered. a 
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ANTI-TANK WEAPON is aerodynamically stabilized to midcourse, then is laser-guided to target. 
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... this tape banishes static, dust, makes data come clean! 


More conductive, this ScoTCH® BRAND Heavy Duty Instrumen- 
tation Tape! 1000 times more conductive, in fact, than ordinary 
tapes! Drains off static before it can attract dust and cause 
drop-out errors, even with today’s higher tape speeds and 
tensions. Electrical resistance of the oxide coating is less than 
$0 megohms per square, minimizing 
such static problems as noise introduced 
by arcing, start time drag, and skew. 

In addition, special high-potency 
oxide and binder formulation mini- 
mizes oxide rub-off so that these tapes : 
outwear ordinary ones at least 15 nem 
times! Tapes withstand temperatures 


Scotch 


magnetic tape 


from —40 to 250°F, tame localized heat |. 4 


build-up at recording heads. Lifetime Silicone lubrication pro- 
tects against head and tape wear. 16 different heavy-duty con- 
structions meet all requirements, even for extremely high 
speed and short wavelength recording. 


TECHNICAL TALK Bulletin No. 4 offers detailed discus- 
sion of static-caused problems in instrumentation recording, 
helpful information for solving them. Free. Write 3M Mag- 
netic Products Division, Dept. MBW-124, St. Paul 19, Minn. 


"“SCOTCH™ AND THE PLAID DESIGN ARE 
REG. TMS OF 3M CO. © 1964, 3M CO. 


Magnetic Products Division 3M 


The Industry Week 


Mergers and Acquisitions 


Stoddart Electro Systems Div. of Tamar Elec- 
tronics, Inc., Los Angeles, has acquired the Auto- 
Pilot Controller product line of White Electro- 
magnetics, Inc., of Rockville, Md. In addition to 
the APC product line, Stoddart has contracted for 
the consultation services of D. R. J. White, presi- 
dent of White Electromagnetics, and originator 
of the APC for a period of two years. Stoddart 
makes RFI measuring instruments, RF attenu- 
ators and terminations, amplifiers, demodulators 
and a line of impedance stabilization networks. 
... Dynamic Associates of Burlingame, Calif., has 
acquired Ault Associates, a California electronics 
representative. With the additional personnel and 
facilities, Ault intends to expand its territorial 
coverage to include all of California, Arizona and 
Nevada. . . . CTS Corp., Elkhart, Ind., and The 
James Knights Co. have merged, with James 
Knights Co. stockholders to receive 130,527 shares 
of CTS stock for their Knights holdings. The 
Business of James Knights Co. will be carried on 
in Sandwich, Ill., by CTS Knights, Inc., a new 
wholly owned subsidiary of CTS. CTS makes 
variable resistors, loudspeakers and microelec- 
tronic components and circuits. James Knights 
made quartz crystals, crystal controlled oscillators 
and erystal filters. ... Allegheny Ludlum Steel 
Corp., Pittsburgh, has agreed to acquire Special 
Metals, Inc., New Hartford, N.Y. Special Metals 
manufactures high-temperature alloys. Allegheny 
Ludlum is to exchange 96,311 shares of its capi- 
tal stock valued at approximately $4 million for 
the 418,955 capital shares of Special Metals. 
Special Metals stockholders will vote on the ac- 
quisition Dec. 21. 


Missile/Space Facilities 


Groundbreaking for a new Consolidated Com- 
puter and Control Center building for White 
Sands Missile Range, N.M., is scheduled to oc- 
cur early next year. The facility will permit con- 
solidation under one roof of several range func- 
tions presently being performed in separate 
buildings, some at considerable distances apart. 
The building will be windowless to provide a 
nearly dust-free atmosphere and more level il- 
lumination. It will provide the nerve center for 
White Sands Missile operations and will become 
part of the range readiness reporting subsystems, 
presently under development, to give almost auto- 
mated control, as opposed to oral and manual 
systems now in use at WSMR.... Honeywell, Inc., 
has purchased a 162,000-sq.-ft. facility in Wal- 
tham, Mass., from Clevite Corp. The new building 
will be used by the firm’s electronic data process- 
ing division in consolidating into a single location 
its engineering, research and development groups. 
The 36.5-acre tract of land bought with the new 
building and located only seven miles from 
Honeywell’s Wellesley Hills EDP headquarters 
complex, will provide room for expansion after 
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1965 .... Silicon Transistor Corp., Carle Place, 
N.Y., manufacturer of semiconductor products, 
has announced plans to move its offices, engineer- 
ing divisions and all production activities to a 
51,000-sq.-ft. site in Garden City, N.Y. Silicon 
presently operates from six separate buildings on 
four sites. All activities except those in its Union, 
N.J., R&D facility will be consolidated in the new 
facility. . . . Crest Ultrasonics Corp., Trenton, 
N.J., has announced plans to expand its facilities 
by 10,000 sq. ft. The additional space will be used 
to accommodate increased manufacturing activi- 
ties and to accelerate the firm’s new product de- 
velopment in the area of a mass produced general 
purpose ultrasonic cleaning system for a variety 
of markets. ... Luvak, Inc., Newton, Mass., has 
acquired the Vacuum Fusion Laboratory of Na- 
tional Research Corp. in Cambridge, Mass. The 
facility’s five vacuum fusion analyzers and related 
equipment will be moved by Luvak to Newton 
where it will be incorporated into a new service 
facility serving government and industry. 


New Activities 


Micro-Optics, Inc., has been formed in Wal- 
tham, Mass., to concentrate on the development 
and manufacture of a proprietary line of micro- 
wave and optical diodes. The company has begun 
operation in leased quarters. A move to larger fa- 
cilities is anticipated within the next six months. 
The management group has furnished the initial 
operating capital, but negotiations are in process 
for additional capital. The product line is to in- 
clude solid-state light sources, injection lasers 
and photo-detectors, crystal mixers and detectors, 
varactor diodes and special purpose diodes for 
switching, limiting, parametric amplification and 
harmonic generation... . The Bendix Corp. has 
consolidated all activities of Microwave Devices, 
Tnc., into a newly completed facility in Farming- 
ton, Conn. The Farmington plant will contain the 
general management, engineering, sales, and 
manufacturing functions formerly located in 
Bristol, Conn., and Rockville, Md. ... Avnet Elec- 
tronics Corp. shareholders have approved a short- 
ened name for the company. The New York City 
diversified electronics firm will become known as 
Avnet, Inc. 


International 


Standard Telephones and Cables Ltd., British 
subsidiary of International Telephone and Tele- 
graph Corp., has formed a new STC Data Systems 
division to market and expand its interests in 
advanced on-line real-time record communication 
message switching systems and other computer- 
based system applications. ... Block Engineering, 
Inc., Cambridge, Mass., has acquired a 49% in- 
terest in Rehovoth Instruments, Ltd., Rohovoth, 
Israel. Rehovoth is active in research and devel- 
opment and fabrication of electro-optical instru- 
mentation. 
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AIR FORCE 


$4,500,000—The Boeing Co., Seattle, for continued 
research work on the Minuteman missile pro- 
gram. 


$3,180,000—Lockheed Aircraft Corp., Sunnyvale, 
Calif., for continued work on tbe Gemini 
program. 


$2,101,442—Geotechnical Corp., Garland, Tex., 
for work on a classified project. 


$1,504,140—Laboratory for Electronics Inc., Bos- 
ton, for production of Doppler radar set com- 
ponents. 


$1,500,000—Areojet-General Corp., Azusa, Calif., 
for an advanced research facility for studying 
respiratory toxic hazards such as would be 
encountered in prolonged exposure to closed 
atmospheres and traces of various contamin- 
ants in space cabins. 


$1,350,000—Space-General Corp., —l Monte, 
Calif., for design, manufacture and testing of 
unspecified satellite payloads. 


$1,310,370—Radio Corp. of America, New York 
City, for continued work on a voice-communi- 
cation switching system. 


$1,300,000—Analytical Services, Inc., Alexandria, 
Va., for analytical studies on strategic, tactical 
and air defense weapons systems. 


$1,236,227—Sperry Rand Corp., Phoenix, for pro- 
duction of components for a gyroscopic com- 
pass system. 


$89,695—Vitro Corp. of America, Vitro Services 
Div., New York City, to supply a van-mounted 
‘radar data-handling system to be used in con- 
junction with a high-resolution tracking radar, 
which is a modified version of a Nike target 
tracking radar. 


$38,200—Lockheed Aircraft Corp., Lockheed Mis- 
siles & Space Co., Sunnyvale, Calif., for nu- 
merical investigation of electromagnetic scat- 
tering and diffraction by convex objects. 


ARMY 


$19,055,953—George A. Fuller Co., Los Angeles, 
for construction of Pad B, Launch Complex 
39, NASA’s Merritt Island Launch Area, Fla. 


$9,342,744—Mason & Hanger, Silas Mason Co., 


Burlington, Iowa, for artillery projectiles and | 


Hawk missile warheads. 


$7,379,000—Western Electric Co., Syracuse, N.Y. 
and Burlington, N.C., for work on Nike-Her- 
cules system. 


$2,000,000—Martin Co., Orlando, Fla., for initial 
work on the design and development of im- 
proved Pershing weapon system ground sup- 
port equipment. 


$65,850—Lockheed Propulsion Co., Redlands, 
Calif., for continuation study on combustion 
of solid propellants. 


$49,596—Texas Instruments, Inc., Dallas, for study 
of a terminal guidance technique for short- 
range artillery missiles. 


NAVY 


$6,100,100—TRW/Space Technology Laboratorles, 
Redondo Beach, Calif., for systems analysis 
and engineering work in support of an ASW 
program. Work will be done in Washington, 
Los Angeles and various Navy bases. 


$2,506,807—General Electric Co., Ordnance Dept., 
Pittsfield, Mass., for operational support for 
fire-control guidance and support equipment 
for Polaris FBMs. 


$2,380,589—TRG, Inc., Melville, N.¥., to demon- 
strate the feasibility of an advanced sonar 
system. 


$1,682,101—General Dynamics Corp., Rochester, 
N.Y., to demonstrate the feasibility of an ad- 
vanced sonar system. 


America’s vital space centers... 


SAN FRANCISCO 


# The only Jets between California 
and Atlanta-Orlando/Cape Kennedy 
a 15 Jet flights daily between Dallas 
and California 


DELI 
JET 


apart 


JAMAICA, 


CARACAS 


= No lower Southern Airways - to - 
Jet fares between Huntsville and Cal- 
ifornia than on Delta 

= Deluxe and tourist on every flight 


Call Delta or see your Travel Agent 


>» DELTA 


the air line with the BIG JETS 
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$1,524,596—Sperry Rand Corp., Sperry Gyroscope 


Co., Great Neck, N.Y., for Polaris Mk-1 
pulsed integrating pendulems. 


$1,314,589—Westinghouse Electric Corp., Balti- 
more, for continued work on missile-control — 
system for Phantom II fighters. 


$199,000—Radio Corp. of America, Missile and 


Surface Radar Div., Moorestown, N.J., for | 


modification of AN/FPS-16 radars. 


$149,102—C-E-L-R, Inc., Sunnyvale, Calif., for 
analytical and programming services in the 
fields of reliability and accuracy analysis on 
the Polaris FBM program. 


$118,572—Baldwin Electronics, Inc., Little Rock 
Ark., for influence fuse for Sidewinder 1A 
missile. 


NASA 


$1,600,000—Lear Siegler, Inc., Santa Monica, 
Calif., follow-on contract to provide electroni¢ 
instrumentation and control systems for the 
George C. Marshall Space Flight Center. 


$1,151,370—Hughes Aircraft Co., Research Labs, 


$243,061—Hughes Aircraft Co., Research Labs, 
Malibu, Calif., for porous ionizer evaluation. 


$215,250—Advanced Technology Corp., Timonium, — 
Md., for submillimeter satellite radiometer. 


$150,000—Government of Spain, Instituto Nacional 
de Technica Aerospacial, Madrid, Spain, for 
tracking facility operation and maintenance. 


$140,000—Leach Corp., Los Angeles, for design 
and development of an instrumentation tape — 
recorder/reproducer for use on Saturn. 


$124,578—Aveo Corp., Tulsa Division, Tulsa, 
Okla., for a 10-month investigation of various 
materials and components used in the manu- 
facture of spacesuits. 


$94,675—Lockheed Missiles & Space Co., Palo 
Alto, Calif., for study of reentry configurations 
for manned space vehicles entering the Earth’s 
atmosphere at hypersonic speeds. 


$79,682—Bendix Corp., Systems Div., Ann Ar- 
bor, Mich., for study of mineral stability in the 
lunar environment. 


$71,000—Cornell Aeronautical Laboratory, Buf- 
falo, N.Y., to develop and construct a proto- 
type of a radically new scanning device that 
requires no vacuum tubes. 


$65,664—Cuthrell Machine & Steel Corp., Chesa- 


peake, Va., for practice recovery of spacecraft 
boilerplate models. 


$49,584—Lear Siegler, Inc., Instrument Div., 
Grand Rapids, Mich., for development of crew 
station design guide. 

$42,500—Operations Research Inc., Silver Springs, 
Md., for studying and recommending tech- 
niques to be used in status evaluation of tbe 
NASA Space Tracking and Data Acquisition 
Network (STADAN),. 


$36,826—Exotech, Inc., Alexandria, Va., for defi- 
nition of requirements for advanced sterilizable 
components for planetary spacecraft. 


$35,000—Radio Corp. of America, Victor Co. Ltd., 
Research Labs, Montreal, Canada, for labora- 
tory simulation of the interaction between solar 
wind and the magnetosphere. 


Arthur D. Little, Inc., Cambridge, Mass., to build 
and test in a simulated solar environment a 
one-half scale model of a prototype thermal 
mockup of the Mariner Mars 64 spacecraft 
(amount undisclosed). 


INDUSTRY 


$1,000,000—Computer Control Co., Framingham, 
Mass., from North American Aviation Inc., 
Canoga Park, Calif., to produce data-acquisi- 
tion and processing systems for use in con- 
nection with rocket engine tests. 


Military & Computer Electronics Corp., Ft. Lau- 
derdale, Fla., from Radlation Inc., Melbourne, 
Fla., for requirements for the manufacture of 
miniature high-reliability components for use 
in Project Apollo (amount undisclosed). 
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Malibu, Calif., for ion engine development. \ 
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New Product of the Week: 
Image Expander 


The StereoRamic Image Expander, 
an optical instrument that improves 
screen images on standard CRT oscillo- 
scopes and similar measuring devices, 
is available from Ednalite Research 
Corp. 

The device enlarges the standard 
19.6-sq.-in. screen to 48 in. with marked 


intensification in relative brightness of 
the CRT trace, the firm says. Traces and 
grids are enlarged to double size with- 
out distortion, and viewing angle is 
expanded. 

The unit features non-magnetic 
hardware and aluminum frame and 
wraparound housing. 


Circle No. 151 on Subscriber Service Cord 


Electro-Optical Monitor 


Chrysler Corp.’s Missile Div. is mar- 
keting an electro-optical twist angle 
monitor, or optical synchro, designed to 
continuously measure small angular ro- 
tation with an accuracy of 1 arc-sec. 

The monitor consists of a trans- 
ceiver, passive reflector and readout. It 
reads directly in seconds of arc with one 
graduation for each two arc-seconds. 

Specifications include: an angular 
range of +50 arc-seconds; sensitivity 
of 0.1 arc-sec.; operating distance of 4 
to 20 ft. (automatic gain control) or 4 
to 40 ft. (manual gain control); re- 
corder output of 3,000 ohms; and power 
of 110v, 60 cps. 
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Carbon Material 


A material, Carb-I-Tex, produced 
by bonding layers of one or more fiber 
forms of carbon or graphite, is available 
from Basic Carbon Corp. The material 
is 3.5 to 7 times stronger than the best 
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grades of graphite presently used in high 
temperature metallurgical and aerospace 
applications, developers say. 

The material is said to increase in 
strength with increasing temperature 
until it is approximately two times 
stronger at 4,200° F than its room tem- 
perature compressive strength of 45,000 
psi. Large blocks of the material have 
been dropped on concrete from a height 
of 20 ft. without fracture, the firm re- 
ports. It is directly formed to finished 
shapes and can be machined. 

In addition to high strength, Carb-I- 
Tex features a density of 1.4 gr/cc, is 
immune to thermal shock and dimen- 
sionally stable to 5,700° F. It bas no 
melting point, is considered corrosion 
proof, electrically conductive and will 
not emit gasses. 

The material is designed for missile 
and ballistic nozzles, leading edges and 
ablative structures on aerospace vebicles. 
It can also be used as a combinational 
structural/shielding material for nuclear 
reactors. 

It is presently available in small di- 


ameter round shapes and flat plates, 
using carbon cloth and a carbon bond 
to produce an all-carbon material. 
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X-Ray Diffraction Chamber 


An X-ray diffraction chamber which 
uses a stream of electrons as its heat 
source is being marketed by MRC Man- 
ufacturing Co. The Model XEB-101 was 
designed under contract to the Air Force 
for study of re-entry materials and is 
especially adapted for examination of 
relatively large samples. 

The unit can deliver temperatures as 
high as 3,000°C with a power input of 
less than 50 watts. It was designed for 
use with X-ray diffractometers for ex- 
amination of single crystal, polycrystal 
or powder specimens and can accommo- 
date specimens up to 0.25 in. in diam- 
eter. Data may be collected on stand- 
ard X-ray film or with a Geiger counter. 
A wide beryllium window permits de- 
tection of both zero order and first order 
layer lines. 

The chamber is provided with a 
complete vacuum system as well as the 
ordinary high voltage supplies. The 
Specimen is supported by a tungsten- 
rhenium thermocouple which also serves 
to measure temperature. 
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Refractory Metals 


Single crystal metals, including niob- 
ium, molybdenum, tantalum, vanadium 
and tungsten, with purities in the range 
of 99.99% are available in standard 
rods from Advanced Research Mate- 
rials Co. 

The refractory metals are available 
in 0.25, 0.375 and 0.5-in.-dia. rods in 
lengths up to 6 in. The crystals are 
grown using electron beam techniques 
and prepared by the spark erosion proc- 
ess. They are normally supplied with 
random orientation, but specific orien- 
tations are available. 
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Rotary Vane Attenuator 


A rotary vane attenuator, covering 
frequencies from 3.95 to 50 ge, is avail- 
able from Microwave Components & 
Systems Corp. 

The Model 281 is equipped with a 
cylindrical center section with an atten- 
uating element that rotates from 0 to 
90 degrees, and a locking device. Any 
value of attenuation may be preset and 
locked until resetting is desired. 

Insertion loss is less than 1.0 db and 
VSWR is 1.15:1 maximum. Variation 
of attenuation with frequency is +0.5 
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db from 0 to 20 db and +£1.0 from 
20 db to maximum attenuation. Power 
handling capacity ranges from 1 to 15 
watts. 
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Optoelectronic Components 


A series of optoelectronic solid-state 
components, including a gallium arse- 
nide infrared source (Model 4104), a 
silicon phototransistor (Model 4202) 
and a PIN photodiode (Model 4201), 
has been announced by hp associates. 

Using photons as the signal carrier, 


the devices employ fiber optic light pipes 
to couple the signal from the semicon- 
ductor chip to a 0.02-in.-dia. circle on 
the surface of the glass. 

The photodiode has a quantum effi- 
ciency of about 0.5 (electrons per pho- 
ton) and a response time of 0.2 nano- 
secs. Capacitance is 1 pfd at 20v; 


breakdown voltage is greater than 200v.. 


and reverse leakage less than 2 na. 
The phototransistor is a high-gain 
sensor for photons in the visible and 
near infrared. Quantum gain is 200; 
response time is less than 2 ms. 
The gallium arsenide diode provides 
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a band of infrared radiation at 0.9 mi- 
crons that can be modulated at nano- 
second rates. External quantum effi- 
ciency exceeds 0.001. 
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Band Rejection YIG Filter 


A band rejection filter, which can be 
used as a course frequency market in a 
receiver and in spectrum analyzer appli- 


a 


cations, has been developed by Loral _ s 


Electronic Systems. 

Available in five models covering an 
approximate frequency range of 0.5 to 
12.4 gc, these two-stage YIG filters offer 
a sweep rate of 0 to 100 cps. Linearity 
of the drive current versus frequency 
exceeds +0.25%, with a resetability ac- 
curacy of better than +0.25%. Input 
and output impedance is 50 ohms; op- 
erating temperature range is 55° to 
85°C. All models meet applicable MIL 
specifications. 
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Voltage Source 


Julie Research Laboratories, Inc., is 
marketing a 1,200-v dc voltage source 
with 0.005% accuracy. The unit is con- 
trolled by a divider, in place of a rheo- 
stat, which can be used independently 
to an accuracy of one part/million. 


Accuracy of the calibrator is en- | 


hanged by design, the firm says. The 76 
resistors are part of a 0.0001% linear 
divider operating at 12-v maximum 
stress. Self-calibration of the standard 
to 0.005% accuracy is accomplished by 
a resistor string and null detector. 
Specifications include: three ranges 
—0 to 1,200v in 0.0001-v steps, 0 to 
120v in 10-mv steps and 0 to 12v in 
l-mv steps; resolution of seven digits; 


output current of 0 to 35 ma; stability i 


of 0.005%, six months, and 0.0025%, 
six days; load regulation of 0.001 % full- 
scale; line regulation of 0.001% for 
+10% line voltage. 
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High-Temp Gauge 


A high-temperature measuring de- 
vice with a 5-ms response time has been 
developed by the Denver Research Insti- 
tute of the University of Denver. 

The pyrometer has a temperature 
range of 1,300° to 3,750°C. Experi- 
mental work indicated valid tempera- 
ture measurements as high as 10,000°C 
may be obtained with the instrument, 
the Institute said. Detectors have a 
100-kc response; zone of measurement 
is confirmed by photographing an image 
of the source at the same time of tem- 
perature measurement. 

In operation, temperature is meas- 
ured by the related ratio of energy re- 
ceived in two separate spectral bands. 


— ae 


, 


: 
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| Degree of deviation of the source emit- 
tance from a constant is determined by 
introducing a third band-energy deter- 
mination. Three independent tempera- 
ture measurements are obtained from 
the three indicated energy values. If the 
ratios of these energies correspond to 
the same temperature, the emissivity is 
a constant and the temperature is de- 
fined. If they do not, the ratios are used 
to calculate emittance as a function of 
wave length. When this is coupled with 
a monochromatic brightness tempera- 
ture measurement, a valid source tem- 
perature is obtained. 
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Camera Lens Controller 


A mechanized unit for remotely con- 
trolling iris and focus lens functions 
has been announced by Cohu Electron- 
ics, Inc. 

Specifically engineered for mount- 
‘ing on the Cohu 3000 series television 


camera, the units permit the remote con- 
trolling of lenses with fixed focal lengths 
from 0.5 to 6 in. The optics and drive 
mechanism are protected by an environ- 
ment-resistant camera housing. , 
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Cryogenic Transfer Pump 


Pico Precision Products Co. is mar- 
keting a medium-pressure cryogenic 
transfer pump. The device features dry 
lubricated bearings and elimination of 
the shaft seal. 

The pump is capable of flows to 
200 gpm and pressures exceeding 750 ft. 
of head. Overall pump efficiency of 
80% has been achieved in actual per- 
formance, the company says. 
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Oscilloscope Probe 


A transistorized oscilloscope probe 
for examination of low-level signals is 
available from W.M.A. Andersen Co., 
Inc. 

The device has a gain of 26 db at 
input and a bandwidth of 300 cycles to 
70 mec. Input impedance is 100,000 
ohms shunted by 10 pfd. Power supply 
operates from 110v, 60 cps. System 
weight is 23 oz. 
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Punch Card Analyzer 


Texas Instruments, Inc.’s Industrial 
Products Group has developed a yield 
and distribution analyzer for punched 
card data analyzing. 

The Model 858 YADA summarizes 
data which pass within present limits 
compared against preset upper and 
lower values. A yield counter totals the 
units passing; a device counter totals 
units compared. The instrument can 
analyze 3- or 4-digit parameters and will 
read and compare 72 columns of an 80- 
column IBM card simultaneously. 

Limit programming is accomplished 
by panel-mounted thumb wheel switches. 
Two switches are provided for each digit 
to be compared. The Model 858 is avail- 
able with optional features including a 
vertical bar graph display and a double 
punch alarm system for card code error. 
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Particle Inspection Solutions 


Recordaflux Products is introducing 
a line of liquid plastic magnetic parti- 
cle solutions for use in crack detection 
and in determining magnetic permea- 
bility differences in metal parts. 

The solutions set up as a plastic film 
after the magnetic particles have mi- 
grated to cracks, around spot welds and 
along porosity and non-metallic in- 
clusions. Patterns can be interpreted 
while the solution is still liquid or when 
the patterns are frozen. Permanent rec- 
ords are obtained by reinforcing the film 
with pressure sensitive tape and stripping 
the record off the surface of the part. 

Solutions are available in spray cans 
and in bulk containers and are used 
with the existing commercial magnetiz- 
ing equipment. 
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Air Purifier 


A series of portable air purifiers, us- 
ing the laminar-flow principle normally 
found only in large work stations, has 
been developed by Atmos-Tech Corp. 

The purifiers are capable of trapping 
99.97% of all atmospheric impurities 
0.3 microns in diameter or larger. Five 
models are available with overall sizes 
from 17.75 x 14.75 x 9.25 in. The 
Model 1212 can provide up to 300 cu. ft. 
of pure air per minute, providing 20 
changes of air per hour for an average 
10 x 12-ft. room. 
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Cryogenic Panels 


A line of cryogenic shrouds and cold 
traps for use in bell jars from 12 to 
24 in. in diameter is available from 
Dean Products, Inc. 

The panels, called CRYOPANEL, 
condense vapors which might otherwise 


slowly outgas within the bell jar holding 
the vacuum level at too high a value for 
research needs. By installing the cold 
trap, which has already been tested to a 
(helium) leakage of 10“ Std cc/sec, 
the bell jar can be more quickly brought 
to the proper vacuum, the firm says. 

The panel assemblies are weldments 
of two sheets, either (or both) em- 
bossed, then resistance-welded to form 
flow channels for water, brine, refriger- 
amt, or liquified gases. The product is 
available in cylindrical shapes, although 
flat panels and venetian-blind configura- 
tions are also offered. 
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Slip-Ring Capsule 


A miniature slip-ring capsule assem- 
bly that can be reduced in length with- 
out eliminating any of the 38 circuits 
has been introduced by the Virginia Div. 
of Electro-Tec Corp. 

Overall length of the capsule, from 


mounting face of flange to end of barrel, 
is 1.35 in. The length can be reduced 
as much as 0.2 in. by varying the length 
of the dust cover to meet any size re- 
quirements within this range. The unit 
meets MIL-STD-202C specifications. 
Electrical specifications include: in- 
sulation resistance, 500v dc, 500 meg- 
ohms minimum; dielectric strength, 
500v, 60 cycles; capacitance, less than 
50 mmf at 1 me; contact resistance va- 
riations (noise), less than 15 milliohms 
peak to peak. The unit withstands shock 
of 30 g’s, vibration of 10 to 2,000 cps, 
0.25 in. double amplitude and 95% 
relative humidity (non-operating). Op- 
erating temperature range is 0 to 85°C. 
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Dilatometer 


A series of transistorized, automatic 
Linseis dilatometers is being marketed 
by William J. Hacker & Co., Inc. 

The horizontal, vacuum model has a 
temperature range of —40° to 2,200°C. 
The vertical cryogenic model has a 
range of —40° to 70°C. The measuring 
systems are available in quartz, alumina 
and tungsten. Sample sizes range from 
1 to 13 mm in diameter and up to 100 
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mm in length. Amplifiers are available 
to 50,000x and can be equipped with 
electronic compensation for expansion 
of alumina measuring systems. 
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Argon Laser 


A continuous-wave argon laser op--" 


erating in the single transverse mode 
(TEM,,) is available from Raytheon 
Co.’s_ Laser Advanced Development 
Center. 

The Model LG12 has 1-watt power 
output over a range of 4,545 to 5,145 


Angstroms in the blue-green portion of 
the visible spectrum. Principal lines are 
at 4,880 and 5,145 Angstroms. The 
water-cooled laser head measures 40 x 
12 x 10 in. and weigh less than 100 lbs. 
Power supply inputs are 208/120v, 60 
cps, 50 amperes maximum. 
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Emissivity Instrument 


A total hemispherical emissivity in- 
strument capable of measuring solids 
at temperatures from —200° to 2,500° 
F is being manufactured by Dynatech 
Corp. 

In order to obtain data, two samples 
2.5 in. sq. and up to 0.05 in. thick are 


| attached to an electrical sample heater, 


or a sample coating may be applied di- 
rectly to the heater. Total hemispherical 
emissivity is obtained by nulling out the 
conductive and convective modes of 
heat transfer and allowing the radiative 
mode alone to dissipate the measured 
electrical energy supplied to the heater. 

Accuracies range from =£0.1 for the 
—200° to —100° F range and +£0.02 
for the 500° to 2,500° F range. A 
vacuum of 10°* mm Hg can be obtained 
with a 4-in. diffusion pump and me- 
chanical forepump in the standard —4v 
instrument under cold, clean conditions. 
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Coherent Information Adder 


A data processing instrument which 
reinforces and clarifies relevant data in 
any repetitive information system has 
been developed by Block Engineering, 
Inc. 

The Coherent Information Adder, 
or “Coadder,” intensifies signal-to-noise 
ratio and minimizes random anomalies 
with the repetitive signal. A variety of 


output formats is available. Stored in- 
formation can be digitally recorded on 
magnetic or punched paper tape or 
transferred directly to a computer. Al- 
ternately, information can be read out 
Tepetitively as an analog signal on an 
oscilloscope or chart recorder. 

The device has a standard core 
memory capacity of 1,024 words at 16 
bits with optional provision for up to 
32,000 words. Sampling input frequency 
is 250 cps to 30 ke. Input digitization 
accuracy is 0.5%; analog output is 
0.025%. 
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Multiphase Amplifier 


A multiphase amplifier designed 
specifically for gyro applications is be- 
ing marketed by International Electronic 
Research Corp. 

The model MA-2100 consists of 
dual 50-va amplifiers, using a separate 
de-referenced voltage stabilizing cir- 
cuitry for each channel. Phasing be- 
tween amplifiers is automatically held 
to 0.1-degree accuracy over a frequency 
range of 200 to 800 cps. The unit can 
be used with either two- or three-phase 
gyros. 
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Moisture Separator 


A moisture separator specifically de- 
signed for 3,000-psi pneumatic systems 
is being marketed by M. C. Manufac- 
turing Co. 

The MC 8351 operates in an am- 


bient temperature range of —65° to 
180° F. It contains a thermostatically 
controlled, 28-v dc heating unit to pre- 
vent freezing of stored water. A burst- 
disc safeguards the pneumatic system; 
it will release at 5,700 to 6,700 psi. 
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—rlames In the news 


Lewis W. Douglas, Jr.: Elected to the 
board of directors of Mesa Scientific Corp., 
Inglewood, Calif. He is president of the 
Christiana Oil Corp. 


Howard E. Orem: Elected chairman of 
the board of Valley Metallurgical Process- 
ing Co., Inc., Essex, Conn. The company 
specializes in finely powdered metals, used 
particularly in the liquid propellant utilized 
by Titan III. He is a retired Vice Admiral 
of the U.S. Navy. 


Dallas Talley: Named marketing dire 
tor of United Gas Corp., Santa Ana, Calif., 
subsidiary Benson-Lehner. The company is 
active in the data handling and digital plot- 
ting fields. 


Lockheed Missiles and Space Co., Sun- 
nyvale, Calif. has announced program 
managers for its team bidding for the 
Manned Orbiting Laboratory project. They 
are Charles B. Wilson, for Lockheed; K. K. 
Miller, Radio Corp. of America; David 
Franks, General Precision, Inc.; and Rich- 
ard A. Fischer, for the AiResearch Division 
of the Garrett Corp. If successful in the 
Air Force bid, Lockheed would have over- 
all industry program management. 


Dr. Charles G. Merckel: Elected Na- 
tional Surgeon of the U.S. Naval Reserve 
Association. He is medical director of the 
western operations of Sylvania Electric 
Products, Inc., New York City. Haig J. 
Shalvarjian, also of Sylvania, was ap- 
pointed manager of contract negotiation 
and administration for the western opera- 
tion. 


Martin S. Schletter: Elected vice presi- 
dent of Tenney Engineering, Inc., Union, 
N.J. He will continue in charge of sales 
and engineering of the Environmental Div. 


INITIATOR 


Roland P. Carlson: Promoted to gen- 
eral manager, space exploration group, 
Martin Co., Baltimore. Also promoted was 
Don P. Herron, who will become assistant 
to the president. 


Donald G. Thomson: Appointed vice. 


president and staff assistant to the presi- 
dent of ITY General Controls Inc., Glen- 
dale, Calif. 


Paul G. Hansel: Promoted to vice pres- 
ident-engineering, Electronic Communica- 
tions, Inc., St. Petersburg, Fla. Also pro- 
moted within ECI were Robert G. Walker, 
vice president-systems requirements; Mor- 
ton S. Klein, divisional vice president- 
program management; Frank W. Furda, 
divisional vice president-controller; and 
Joseph R. Mensch, manager of systems 
engineering. 


Harold P. Henderson: Elected president 
of Clover Industries, Inc., Tonawanda, 
N.Y. He was also elected a director of 
Glass-Tite Industries, Inc., Meadville, Pa., 
which recently acquired Clover. 


John D. Heasley: Assumed responsi- 
bility for Westinghouse Electric Corp.’s 
Westing-Arc Div. in Baltimore. 


Kenneth I. Pressman: Appointed man- 
ager, operations control, Radio Corp. of 
America’s Aerospace Systems Div., Burl- 
ington, Mass. He was formerly manager of 
program administration control of RCA’s 
Missile and Surface Radar Div. 


Clarence J. Woodard: Elected to the 
board of directors of Systron-Donner 
Corp., of Concord, Calif. He is also presi- 
dent and director of the Rucker Co., a sub- 
sidiary of Systron-Donner. 


Dr. James C. Keck: Appointed a Ford 
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Professor of Engineering at the Massa- | 
chusetts Institute of Technology, Cam- 
bridge, Mass. He will establish a laboratory 
for atomic and molecular kinetics at MIT. 


Ralph H. Ruud: Appointed corporate 
vice president-manufacturing of North 
American Aviation, Inc., El Segundo, 
Calif. He was formerly president of the 
Los Angeles Div. W. E. Swanson, who has 
been serving as executive vice president at 
Los Angeles, has been named to succeed | 
Ruud. E. N. Ljunggren, vice president of 
Minuteman systems management at the 
Autonetics Div., takes over Swanson’s for- 7 
mer post. 


Jack P. Rogan: Promoted to vice presi- 
dent-director of operations at Douglas Air- 
craft Co.’s Space Systems Center, Hunting- 
ton Beach, Calif. Named to succeed him as 
vice president-general manager of the com- 
pany’s Tulsa Div. was O. L. Howser. 


J. B. Montgomery: Elected president 
and chief executive officer of the Marquardt 
Corp., Van Nuys, Calif. He was also 
elected a director. He was formerly with 
a Schlumberger, Ltd., subsidiary, Weston 
Instruments, Inc. Roy Marquardt, whom 
Montgomery succeeds, became chairman 
of the board. 


William D. Owens: Named divisional 
vice president of Honeywell Inc.’s Denver 
Div. in Denver, Colo. 


Dr. Edgar Eichhorn: Named director 
of operations for the central region of 
C-E-I-R, Inc., Washington, D.C. He will 
have responsibility for both the profes- 
sional services and computer operations 
staffs for the company. 


Daniel J. Crowley: Appointed director 
of engineering for the eastern operation 
of Sylvania Electric Products, Inc., Wal- 
tham, Mass. 


Samuel J. Davy: Elected president of 
Epsco, Inc., Westwood, Mass. He has been 
a director of the company since July, when 
he was appointed general manager and 
chief operating officer of the company. 


A. R. Wilde: Appointed manager of 
systems programming services for Sperry 
Rand Corp.’s UNIVAC Div., New York 
City. H. A. Richard Wegener, a solid-state 
physicist, has joined the scientific staff at 
the Sperry Rand Research Center in Sud- 
bury, Mass. 


Arthur J. Hatch: Named president of 
the G. T. Schjeldahl Co., Northfield, Minn. 
He has been executive vice president of the 
company since last June. 


Dr. Albert Muller: Elected a vice presi- 
dent of Air Reduction Co., Inc., New York 
City. He will be responsible for the corpo- 
ration’s science and engineering programs. 


Richard P. Klopp: Named executive 
vice president of Catalytic Construction 
Co., Philadelphia. He is also a director 
of the company. 
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editorial... 


The MOL Decision 


HE NEED FOR the Air Force Manned Orbiting 

Laboratory program is so strong that we fail to see 
how it could be questioned. 

MOL was not initiated as a program for opera- 
tional military hardware; it was designed to find out 
what the Air Force can do in space. Perhaps no one 
of the experiments planned for MOL is of vital na- 
tional importance in itself. Added together, however, 
they become a package that calls for action. 

It is, as Secretary of Defense Robert McNamara 
himself has pointed out, a project for developing “the 
techniques which would be required were we to ever 
suddenly be confronted with a military mission in 
space.” 

You can be sure that when the confrontation 
comes, it will be sudden. We must act on the assump- 
tion that a military capability in space will be needed. 
If history proves that it is not, so much the better. 
To state what should be obvious, it is better to have 
it and not need it, than to need it and not have it. 

That is the compelling reason why the alternatives 
which have been proposed for MOL make so little 
sense. An important year has been lost between the 
cancellation of Dyna-Soar and the initiation of MOL. 
It is impertative that no more time be lost. 

Use of Apollo-X in place of MOL means a delay 
of at least two years in ascertaining the operational 
need for a manned military space capability, to say 
nothing of how many more years it would take to 
achieve that capability. 

We do not question the fact that looking two 
years down the road may find a better approach to 
the job that MOL is intended to do. Two years from 
now, another look down the same road will find an 
even better method of accomplishing it four years 
hence. Anyone who has ever designed a missile, air- 
plane or spacecraft knows that a cut-off date is a 
necessity. At some point, the project must be frozen 
and a go-ahead given despite the improvements that 
may lie just days or weeks ahead. If that is not done, 
the hardware will never be built. Design can continue 
forever if the decision is not made to forego the prom- 
ised improvements and save them for the next model. 

The military space program is at that point. It 
is time to start work: 

Certainly, the very active manned flight program 
of the National Aeronautics and Space Administra- 
tion is moving ahead at a good pace. But this is not a 
military program and, by its very nature, is not de- 
signed to accomplish military objectives. Fallout there 
may be, but the Air Force has objectives of its own 
to reach. Only the Air Force can reach them. 

Down that road may lie an effective missile de- 
fense, vastly improved reconnaissance capabilities 
and perhaps a devastating offense. Only the Air Force 
will find out. NASA will not because NASA will not 
be looking. 


A needle in a haystack is a pretty difficult thing 
to locate. You can find it, however, if it is there and 
if you take enough time and trouble in the search. You 
won’t ever find it if you don’t look and you may be 
surprised to discover that some other fellow has lo- 
cated it and is sticking it in your backdide. 

For more years than we care to count, we have 
been preaching the need for an effective military 
space program. The nation still does not have one. 
Even in so clear an area as communications, the 
problem has been studied, re-studied, defined, re- 
defined, viewed and reviewed so long that civilians 
around the globe will have been chattering away at 
each other for years via communications satellites 
before military officers in Viet Nam solve the prob- 
lem of getting a message back to the Pentagon. 


R. HAROLD W. RITCHEY, the forthright and 

incisive president of Thiokol Chemical Corp., 
had some pertinent things to say about this state of 
affairs in a speech at this month’s American Ord- 
nance Assn. meeting in New York: 

“There are too many instances in history when 
authority has thought there was enough. Not more 
than thirty years ago, cavalry generals were saying 
that enough horses were better than tanks and bat- 
tleship admirals were saying that we had enough bat- 
tleships to deter an aggressor... . 

“Less than fifteen years ago, some of our most 
renowned scientists advised us that the ICBM was 
impossible and that effort and resources should not 
be wasted in developing it... 

“Suppose we could transport instantly a group 
of today’s renowned scientists into the future by a 
distance of fifteen years. Is there any reason to believe 
that they, too, would not be thoroughly confused by 
the machines, devices and technologies which they 
would encounter? And, would they be more confused 
here, or in Russia?” 

Dr. Ritchey points out that the evolution of major 
high-risk weapon systems was largely responsible for 
the momentum behind the scientific and technological 
advances in this country during the last fifteen years 
—not direct funding for these purposes. That mo- 
mentum now is gone. As he says, it is not that tech- 
nology has leveled off, but rather our own actions 
which are responsible. 

The Thiokol president asks whether this same 
phenomenon is also taking place in the Soviet Union. 
If the answer is no, he says, if they are pursuing 
improvements and advances in their defense posture 
as well as in their scientific and technological capabil- 
ity, then our slowdown can only lead to their catching 
up and surpassing us. 

We agree wholeheartedly. The decision on MOL, 
and the entire military space program, is a critical 
one. 

William J. Coughlin 
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rplate 300 


Series, manufactured by the Military 


Products Division of the Fruehouf Corporotion for NASA, Monned Spocecraft Center, Houston, Texas. 


Fruehauf Meets The Challenge! 


This ‘Boilerplate Gemini Spacecraft,”’ currently in 
production at the Fullerton, California, facility of 
Fruehauf’s Military Products Division, is manu- 
factured in accordance with exacting NASA specifi- 
cations. Fruehauf’s unique metal spinning and 
welding techniques are employed in its fabrication 
to assure compliance with these specifications. 


The safety of our Astronauts depends, in part, 
on the efficient recovery of the spacecraft and its 
occupants after orbit. The mission of the Practice 
Recovery Spacecraft is to provide a duplicate 
vehicle to test advanced recovery techniques to 


assure this safety. 

To accomplish this mission the ‘Boilerplate 
Gemini Spacecraft’? must be watertight and the 
configuration, weight, and center of gravity must 
be duplicated. This is accomplished by ballast, 
strategically placed within the “Boilerplate Gemini 


acecraft.”” 
Sp * x x 


Fruehauf’s Military Products Division is manned 
and equipped for prime as well as sub contracts— 
and its capability makes possible an infinite range 
of products. It stands ready to serve the needs of 
all branches of the armed forces. 


FRUEHAUF 


CO RPO RATION 
MILITARY PRODUCTS DIVISION 


10940 HARPER AVENUE, DETROIT, MICHIGAN 48232 
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MOL Gets Full-Scale Development Okay 
DOD Ponders New 156-in. Solid Awards 
AES Manned Lunar Orbit Plans Listed... 


Ask Boeing 


about dynamic 
long-range careers 


in Design 


and Development 


Engineering 


Boeing, world leader in the field of jet transportation, is already at 
work on the next generation of jets—including giant military logis- 
tics aircraft and supersonic passenger liners of the future. 


These and many other manned aircraft systems have created a 
number of dynamic, long-range career openings with unique oppor- 
tunities to move ahead rapidly. 


Immediate Airplane Division openings are available — in both Ren- 
ton, Washington, and Wichita, Kansas — for graduates in engineer- 
ing. Applicable experience in Design Engineering and Development 
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RESEARCH 


IMMEDIATE 
OPENINGS 


Substantial growth in com- 
pany sponsored and contract 
research programs con- 
tinues to create challenging 
positions: 


Organic & Analytical Chemists 


with strong background in 
instrumentation in the fields 
of visible, ultra-violet and 
infra-red spectroscopy, flame 
photometry and gas chroma- 
tography for chemical ana- 
lytical instruments. An ad- 
vanced degree is desired. 


Infra-red Physicists 


for developmental work in 
the use of infra-red detectors 
and optics and their applica- 
tion for chemical analysis. 
An advanced degree is 
desired. 


Electrical Engineers 


with design and experi- 
mental experience in minia- 
turized and low level audio 
equipment, for work in am- 
plification problems on high 
reliability equipment. BSEE 
required. 
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Annual NASA Issue 


To the Editor: 


I goofed in not subscribing to Missiles 
and Rockets earlier. However, after seeing 
your tremendous Annual NASA Issue, and 
other important items, I want to subscribe. 

Please enter my two-year subscription 


predating the subscription if necessary. 
George B. Melrose 
Product Manager 
Advanced Programs 
Bell Aerosystems 
Buffalo, N.Y. 
Done.—Ed. 


Civil Service Invitation 


To the Editor: 
Refer Mr. Henry Albert’s letter on Civil 
Service management in your Dec. 7 issue. 
Mr. Albert is cordially invited to visit 
this activity—as is any other individual 
holding similar views. 
J. Gordon Vaeth, Manager 
TOS Systems Engineering Div. 
National Weather Satellite Center 
Washington, D.C. 


Go, Tiger! 


To the Editor: 

In your Nov. 16 issue an article en- 
titled “Fund Limitations Force Voyager 
Mars Mission Delay Until 1971” (p. 12) 
contained a discussion concerning “a worth- 
while Mars fly-by mission. . . .” “Instru- 
mentation for this mission would probably 
be that proposed for the 1966 mission by a 
special ‘tiger team’ of young, dynamic sci- 
entists at the Jet Propulsion Laboratory” 
(italics the writer’s). 

Will you please elaborate upon the 
characteristics of a “tiger team?” Also, 
what does a young, dynamic scientist do? 
Does that mean that he studies dynamic 
rather than static problems? How does he 
differ from older scientists—with respect to 


washed by JPL’s instrumentation group? 


H. R. Maleski 
Las Cruces, N.M. 


Six-Month Index 


AN EDITORIAL INDEX of 
the articles appearing in MISSILES 
AND RocKETs during the last six 
months of 1964 is available to sub- 
scribers free of charge. 

Requests for copies should be 
addressed to: 


Research Department 
Missiles and Rockets 
1001 Vermont Avenue, NW 
Washington, D. C. 20005 


SURVIVAL UNIT 


It is a SNAP reactor system—source of long- 
lived electric power for life support and environ- 
ment control. It will supply astronauts with heat 
against the cold. Purify the air they breathe. Give 
them light amidst blackness. 

North American Aviation / Atomics Interna- 
tional Division is developing SNAP reactors for 
reliable, long-lived power in space vehicles, 
manned space stations, satellites, and manned 


North American Aviation ZN 


bases on the moon. In pioneering SNAP reactor 
systems for the Atomic Energy Commission, 
A.l. has reduced equipment as large as a house 
to the size of a five-gallon can. 

Atomics International is one of seven divisions 
at North American Aviation—a corporation 
dedicated to advancing the frontiers of science 
in nuclear energy, electronics, rocketry, aviation, 
life sciences, and space flight. 
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Atomics International, Autonetics, Columbus, Los Angeles, Rocketdyne, Science Center, Space & Information Systems 
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10-MILLION MILE GUARANTEE 


Nuclear blasts within 10 million miles of earth may now 
be detected. Two pair of orbiting Nuclear Detection Satel- 
lites provide this protection. These spacecraft—built by TRW 
Space Technology Laboratories for Air Force/ARPA~are part 
of our national nuclear arms control program. 

Today we are busy on many space projects that mean new 
opportunities for engineers and scientists. We are prime con- 
tractor for NASA’s Orbiting Geophysical Observatory and 
Pioneer programs. We are developing the variable-thrust de- 
scent engines for Apollo and Surveyor lunar landings. And 
TRW Space Technology Laboratories continues Systems 
Management for the Air Force’s Titan and Minuteman pro- 


grams. These and other advanced space activities create 
opportunities in: Theoretical Physics, Systems Engineering, 
Radar Systems, Experimental Physics Applied Mathematics, 
Space Communications, Space Physics, Antennas and Mi- 
crowaves, Inertial Guidance, Analog Computers, Solid State 
Physics, Computer Design, Telecommunications, Digital 
Computers, Guidance and Navigation, Electromechanical 
Devices, Engineering Mechanics, Applied Aerodynamics 
and Propulsion Systems. For information about TR W oppor- 
tunities in So. California and at Cape Kennedy, write TRW 
Professional Placement, One Space Park, Dept. B-12, Re- 
dondo Beach, Calif. TRW is an equal opportunity employer. 
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The Countdown 


WASHINGTON 


New Upper Stage Work Moves Along 


NASA’s Office of Space Sciences & Applications now 
expects to go into program definition of a 7,000-lb.-thrust 
high-energy upper stage engine in Fiscal Year 1966, with 
hardware funding in the FY ’67 budget. In the meantime, it 
is continuing in-house studies at Lewis Research Center 
with FY 65 money. 


Feasibility Check of Mauler Continuing 


Feasibility validation program for the Army’s Mauler 
air-defense system now is not expected to be completed 
until February, Previously, Army officials have used this 
date as the target for resumption of the development pro- 
gram. Now it will be May or June before results from the 
validation program have been digested and the Army is able 
to recommend action on the program. 


Air Force Looks Beyond START 


Two lifting-body re-entry configurations are being con- 
sidered in an Air Force program called “Re-entry Aerody- 
namic Maneuvering Program.” Pentagon AF officials say 
these are study efforts aimed at something beyond the 
START program. RFP’s from Wright-Patterson, however, 
call for use of unmanned drone, subscale models dropped 
from the X-J5 and other aircraft to economically investi- 
gate supersonic through subsonic regions of glide re-entry. 
One of the models is described as using “variable geometry 
to allow conventional horizontal landings.” 


Radio Astronomy Satellite Marks Time 


NASA Associate Adminjstrator Robert C, Seamans 
will make no decision on the Radio Astronomy Explorer 
satellite program until he gets more definitive information 
as to the size of the agency’s FY °66 budget request. Pro- 
gram approval document for the project has been on his 
desk for several weeks; because of his new ground rules, 
it is expected to remain there for several more at least. 


Nike-Hercules Given ATBM Capability 


In what must be the most-unintended announcement of 
the year, the Army revealed that the Nike-Hercules has 
undergone “extensive modifications . . . to give the system 
anti-tactical ballistic missile (ATBM) capabilities.” At the 
heart of the new system are two radars: a high-power ac- 
quisition radar (HIPAR) and a low-power acquisition 
radar (LOPAR). This probably is a mobility package ap- 
proved in FY °62 to increase Nike-Hercules capability for 
field army air defense operations. 


NASA Taking Long Look at Ocean Platforms 


Twenty-four firms have been asked by the space agency 
to study feasibility of using stable ocean platforms as bases 
for tracking stations for some of its sounding rocket pro- 
grams. Proposals are due at the Goddard Space Flight Cen- 
ter by Dec. 8, 1965. 


On Key, But Out of Pitch 


U.S.-German cooperation on development of the Main 
Battle Tank is running smoothly except for a problem in 
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pitch. So serious is this, however, that it is to be decided 
at the Von Hassel-McNamara level. It seems that the pitch 
used on fasteners in the two nations differs. A U.S. bolt 
of the same dimensions will not screw into a German nut 
more than a couple of threads because of the different pitch 
of the threads. Which country will have to change is a big 
problem. 


Pound-Foolish Mars Economy? 


House Space Committee members are voicing concern 
over the NASA decision to eliminate a Mars probe during 
the 1969 opportunity to impact that planet. Subcommittee 
chairman Joseph E. Karth (D-Minn.) said his group will 
take a close look at this decision, on the basis that all 
possible scientific information should be obtained in case 
a decision is made for a manned Mars mission. Biosciences 
program offices are pushing for at least a Voyager vehicle 
test, to prepare for a 1971 assault. 


INDUSTRY 


New Team Seeks Voyager Study Contract 


COUNTDOWN has learned that TRW Space Technology 
Laboratories, Eastman Kodak, and Douglas Aircraft’s Mis- 
sile & Space Systems Div. have formed a team to compete 
for a Voyager program design study contract to meet 
NASA’s objectives for unmanned exploration of Mars in 
the next decade. STL will be prime contractor for the 
team, with responsibility for mission analysis, electronic 
subsystems, propulsion integration and system integration 
and test. DAC will be responsible for major spacecraft 
structure and interstaging and for mechanical aerospace 
ground equipment. Eastman will be in charge of the Mars 
imaging subsystem and ground imaging reconstitution sys- 
tem. Other prospective teams are Lockheed and RCA; 
GE, Texas Instruments; Boeing, Philco and Electro-Optical 
Systems; Avco and Honeywell. Other contenders will be 
Hughes, Northrop and Martin—probably with other team 
members. Total program is likely to cost $1 billion. 


INTERNATIONAL 
French Plan NOTS-Type Test Track 


The French government is planning to erect a test track 
similar to one at the Naval Ordnance Test Center, China 
Lake, Calif. Maj. Jacques Bergez of the French Ministry 
of Defense said during a tour of NOTS facilities that 
France’s space vehicle test center located in French Guiana 
is “a bit far away from home base.” He said a new R&D 
test center for which he is gathering test-track data “is 
being rushed to completion as soon as possible.” 


Sea Dart Nose Dampened in Desert 


Hawker Siddeley Ltd. is testing the effect of rain erosion 
on the dielectric nose cone of its Sea Dart missile, intended 
for the Royal Navy. Tests are under way on the 35,000- 
ft. rocket-sled track at the Air Force Missile Develop- 
ment Center, Holloman AFB, N.M. In spite of ready 
home access to the natural product, Hawker Siddeley finds 
it costs less to use the simulated 10-mi. rainstorm at the 
desert track. 


The Missile /Space Week 


Walleye Award Due Soon 


The Navy Bureau of Weapons is 
preparing to negotiate Program Defi- 
nition Phase contracts for develop- 
ment of the Walleye guided bomb 
with the Martin Co., North American 
Aviation and Hughes Aircraft. 

Three months after completion of 
program definition two production 
contracts will be awarded and a third 
will be made for additional develop- 
ment of the television-guided weapon. 

Naval Ordnance Test Station, 
China Lake, Calif., is present prime 
contractor on Walleye. 


Shots of the Week 


An all-Italian crew successfully 
launched Italy’s San Marco I satellite 
from Wallops Island, Va., Dec. 15. 
The launch, employing a NASA-sup- 
plied Scout booster, marked Italy’s 
entry into the international space 
club and was the first time in the 
NASA international cooperative pro- 
gram that a satellite launch was con- 
ducted by a team of foreign nationals. 

Apogee is 510 mi.; perigee, 128 
mi.; period, 95 min.; and inclination 
to the Equator, 38 degrees. Apogee is 
some 90 mi. greater than had been 
expected (M/R, Dec. 7, p. 10), but 
perigee was close enough to the in- 
tended 135 mi. to accomplish the key 
objective, conduct of an atmospheric 
drag experiment. 

Because of the low perigee, the 
satellite is expected to have a lifetime 
of only a few weeks. 

@ The Air Force achieved the 
first success in two launches of its 
Titan III-A booster Dec. 10 from 
Cape Kennedy. The restartable tran- 
stage went into orbit carrying a 
3,360-lb. inert payload, which it in- 
jected into 100-mi. orbit. 

® Air Force Captain Joseph En- 
gle flew the NASA-Air Force X-15 
rocket plane from Edwards AFB, 
Calif., Dec. 10 on a mission to study 
aerodynamic heating. Top speed 
reached was 3,580 mph and maximum 
altitude was 112,000 ft. 

@ The Soviet news agency Tass 
announced Dec. 10 that the Soviet 
Union has launched Cosmos 51, the 
latest in a series of scientific satel- 
lites. 

® Despite failure of the engine to 
restart, NASA’s launch of a Centaur 
stage Dec. 11 was said to have met 
all test objectives. Launch vehicles 
was an Atlas. (See p. 14.) 
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See “Shots of the Week” at left. 


SAN MARCO satellite being checked out with Scout vehicle before launch Dec. 15. 


@ An Air Force crew successfully 
launched a Minuteman II from Cape 
Kennedy on Dec. 15. Shot traveled 
some 5,000 mi. down the Eastern Test 
Range and impacted on target. 

@® NASA used Nike-Cajun and 
Aerobee rockets to launch two experi- 
ments from White Sands Missile 
Range Dec. 16. The experiments 
were to measure cosmic dust and 
electron densities in the upper at- 
mosphere. 


ComSat Sale Stopped Again 


A 100% margin requirement for 
all purchases of Communications Sat- 
ellite Corp. stock was initiated last 
week in an attempt to discourage 
speculation and stabilize the stock’s 
volatile situation. 

The Board of Governors of the 
New York Stock Exchange acted af- 
ter the stock, the exchange’s most 
active commodity for over a week, 
reached a new high of $70.75 on Dec. 
14 and then dropped $10.50 the fol- 
lowing day. Usual margin require- 
ment for stock purchases is 70%. 

Some brokers attributed the stock 
activity primarily to short sales and 
covering of short sales. Many dealers 
were warning prospective short sell- 
ers in ComSat of the danger of such 
trades. 

The Exchange estimated the short 
interest in stock as of Dec. 9 at 300,- 
000 shares, up from 69,888 shares on 
Nov. 13. The report on Dec. 15 came 
three days before normally due. Pres- 
ident Keith Funston said that the 
Exchange would continue a close 
watch on the situation. 


Central Audit Agency for DOD 


Secretary of Defense McNamara 
has announced that the Dept. of De- 
fense is creating a department-wide 
Defense Contract Audit Agency to 
more efficiently audit defense con- 
tracts. 

The new agency, to be headed by 
a director of two-star grade, will 
consolidate the activities now per- 
formed by 3,600 personnel in con- 
tract auditing units existing within 
various military departments. The 
agency director will report to the As- 
sistant Secretary of Defense (Comp- 
troller). 

In addition to improved efficiency, 
the new group is expected to make 
possible a 5% saving in overhead 
costs through reduction of manpower 
requirements. Some 180 jobs are ex- 
pected to be eliminated through attri- 
tion at an annual saving of $1.8 
million. 


Weather Bureau Seeks Buoys 


Data collection buoys for the 
Weather Bureau satellite system will 
be procured in the near future by the 
National Weather Satellite Center. 

NWSC is seeking sources for 
services and material for advanced 
development models of “water-borne 
automatic unmanned weather sta- 
tions” by January 14. Companies 
with mooring and static meteorolog- 
ical sensor technology and design 
capabilities are being sought. 

The Weather Bureau has es- 
timated that operational ocean 
coverage could be obtained with 
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sensor-bearing buoys moored in a 
world-wide grid of about 180 miles 
point-to-point. Barely operational 
coverage could be provided with 
points located as far apart as 800 
miles (M/R, Nov. 30, p. 160). 


Astronaut Candidates File 


More than 900 scientists have in- 
dicated an interest in the NASA plan 
to send scientist-astronauts along on 
future manned space flights since the 
recruiting program opened in mid- 
October. 

Deadline for applications is Dec. 
31. The National Academy of Sci- 
ences will review all applications 
sometime next spring and make rec- 
ommendations. The space agency will 
then select 10 to 20 scientist-astro- 
nauts to begin training. 


ERC Planning Pact Awarded 


Three firms have jointly received 
the master planning contract for 
NASA’s $60 million Electronics Re- 
search Center to be located on a 29 
acre site at Kendall Square, Cam- 
bridge, Mass. 

The U.S. Army Corps of Engi- 
neers awarded the contract to the 
joint venture firms of Edward Durell 
Stone, New York City; Giffels and 


Rossetti, Detroit; and Charles A. 
Maguire Associates, Boston-Provi- 
dence. 

They are to make site utilization 
studies, synthesis of functional op- 
erations, preliminary layout, defini- 
tion of architecture and materials 
of construction, conceptual drawings, 
cost estimates, and a model of the 
complex. These must be delivered in 
24 weeks. 

The Center is to have an engi- 
neering and administration building, 
and 10 laboratories devoted to the 
investigation of advanced electronic 
systems for space. Construction is to 
be spanned over five Fiscal Years be- 
ginning in FY 1965. 


Engineer Academy Approved 


The National Academy of Engi- 
neering, to be operated on a parallel 
and cooperative basis with the Na- 
tional Academy of Sciences, has been 
approved by the NAS. 

Dr. Augustus B. Kinzel, vice 
president-research of Union Carbide 
Corp., was elected president of the 
academy at an organizational meet- 
ing Dec. 10. Other officers chosen in- 
clude: Dr. Eric A. Walker, president 
of Pennsylvania State University; 
Dr. Harold Work, New York Uni- 


What has CryoVac done to solve 


versity; and Dr. Thomas C. Kava- 
nagh, Praeger-Kavanagh-Waterbury, 
Engineers-Architects. By-laws were 
also adopted at the meeting. 

Next step for the new academy is 
expansion of membership rolls from 
the founding Committee of Twenty- 
five, appointed by NAS last March, to 
approximately 100 members during 
1965. Ultimate membership goal is 
200 to 300. It is expected that the 
new organization will be located in 
the NAS building in Washington. 

NAE will share in the responsi- 
bility given the National Academy of 
Sciences in 1863 to advise the Fed- 
eral Government, upon request, in all 
areas of science and engineering. 

The Articles of Organization of 
the NAE provide for establishment 
of a Joint Board of representatives 
to recommend methods of accomp- 
lishing effective cooperation between 
the two academies. 


ESRO Makes Satellite Pact 


Hawker Siddley Dynamics and its 
French partner, Engins Matra, have 
been selected by the European Space 
Research Organization to build the 
first ESRO satellite. 

The contract is worth some $2.8 
million and will cover four models. 
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And now the Pacific... 


- The Navy’s new A-3 Polaris missile, which joined the Atlantic fleet in September, will be on 
patrol in the Pacific this month. Launched from the depths of the world's largest ocean, the 
A-3 can hurl its powerful payload 2,500 nautical miles. The A-3 has double the range of the 
original A-1 that became operational four years ago. No obsolescence here, for either submarine 
or missile. This was part of the plan from the beginning. When the presently authorized 41 
Polaris submarines are completed in 1967, each will be capable of handling each one of 
the missiles available, be it the 1,500-mile A-2, the A-3, or even the still mightier B-3, now 
being studied by the Navy's Polaris team. Lockheed Missiles & Space Company, Sunnyvale, 


California: A Group Division of Lockheed Aircraft Corporation. Lockh eed 


/AcNamara’s blessing... 


MOL Wins Development Okay 


RFP’s for program definition due to go out next month; development 
contractor may be picked by fall; first-year cost estimate tops $150 million 


THE DEFENSE ‘DEPT’S experi- 
mental orbiting laboratory to determine 
the military effectiveness of man-in- 
space has been approved for full-scale 
development. 

A little more than a year after the 
Manned Orbiting Laboratory (MOL) 
program was announced as a replace- 
ment for the cancelled Dyna-Soar by 
Secretary of Defense Robert S. Mc- 
Namara, it has received the full bless- 
ing of the Administration. 

Funding of MOL in the Fiscal Year 
1966 budget will not be revealed until 
the President’s budget is submitted to 
Congress. However, the first-year de- 
velopment effort has been estimated 
to be in excess of $150 million. 

Defense and Administration officials 
confirmed that the program had been 
given the green light and that McNa- 
mara’s statement in support of MOL 
on Dec. 12 constituted the only public 
announcement that will be made on the 
MOL approval until January. At that 
time, in his statement to Congress, he 
is expected to say more on the subject. 

The announcement came in response 
to a news conference question: “Could 
you say, specifically, whether you are 
backing the MOL or not?” 

“Yes, indeed,” was McNamara’s re- 
ply. He went on to emphasize the ne- 
cessity for close cooperation and cross- 
feed between the Air Force MOL and 
NASA’s Apollo so that “the Air Force, 
when it establishes the MOL, takes ac- 
count of what NASA is required to do 
as part of the Apollo program that in 
turn is directiy related to the Lunar 
Program. And, in turn, I want to be cer- 
tain that NASA, to the extent that it 
expands Apollo beyond the limits re- 
quired for the Lunar Program, takes ac- 
count of whatever we must do in the 
MOL to meet bona fide military ob- 
jectives.” 
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In answer to a previous question, the 
Secretary emphasized strongly that du- 
plicate space programs should be avoided 
and that the great bulk of expenditures 
should rest in NASA “because the bulk 
of the National Space Program will be 
oriented toward civilian scientific and 
other objectives.” 

“There is a place, there is a require- 
ment, for a military component,” he 
said. “We must maintain security, a 
high level of security, on certain ele- 
ments of the space program and that 
portion of the program must be handled 
by the Defense Department.” 

@ Reports of death exaggerated— 
The Administration decision to go ahead 
with MOL as a separate program and 
not to wait to include it in an Extended 
Apollo spacecraft should put to rest the 
completely false published reports to the 
contrary. These have persistently as- 
serted that MOL would be cancelled. 

There had been opposition to MOL 
by members of the Administration and 
particularly from the President’s Science 
Adviser, Dr. Donald Hornig. He be- 
lieves, as do some members of the 
President’s Scientific Advisory Com- 
mittee, that MOL duplicates Apollo-X 
without having sufficient size or capa- 
bility to represent a forward step in 
space exploration. 

Defense officials have successfully 
overcome this argument—pointing out 
that MOL will give the Air Force a 
capability to conduct important mili- 
tary experiments in space. While A pollo- 
X could be used for some of these, it 
could not be used for all, they assert. 
In addition, use of Apollo-X would 
further delay Defense efforts to deter- 
mine the usefulness of man in military 
space systems. MOL is expected to fly 
two years before the Apollo-X. 

® Industry competition next—Dur- 
ing the past year, the MOL concept has 


been refined and polished—in-house at 
Space Systems Div. of the Air Force 
Systems Command and through study 
contracts of various subsystems that 
would be required in a MOL. Three 
principal studies—by Douglas, General 
Electric and Martin—have now been 
completed. These covered the Orbiting 
Space Station and were “a significant 
first step” in defining MOL. 

Specifically, the OSS studies defined 
man’s “military charter in space,” the 
systems needed to fulfill that charter 
and the development efforts required 
to obtain those systems. Testing require- 
ments for MOL equipment were also to 
be outlined. 

Concurrently with the OSS studies, 
SSD has awarded over a dozen para- 
metric studies of MOL subsystems, in- 
cluding the enviromental control, atti- 
tude control and electrical subsystems. 
These were fixed-price, level-of-effort 
contracts which ran for 105 days and 
are expected to provide the factual basis 
for selection of specific subsystems. 
Also, SSD awarded contracts to the 
Martin Co. and McDonnell Aircraft 
Co. to determine what modifications 
are required to the Titan I1I-C and the 
Gemini spacecraft to adapt them to the 
MOL mission. 

® Tentative timetable—Now that all 
of these inputs have been digested, SSD 
is expected to issue Requests for Pro- 
posals to industry for the Program 
Definition Phase of MOL in January. 
With the intensive industry interest in 
MOL and preparation for the program, 
it is expected that proposals could be re- 
ceived by SSD in 60 days. 

Evaluation and selection of the Pro- 
gram ‘Definition contractors could be 
made 30 days later. PDP is expected to 
take about six months, which would 
mean that the final selection of a de- 
velopment contractor would be made by 
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BOEING ARTIST’S concept of MOL and launch sequence. 


the fall of 1965. This schedule, officials 
point out, is extremely tight; the whole 
process may take longer to accomplish. 

Once the development contract is 
awarded, the first full MOL flight is 
expected within 27-30 months. This 
would mean the first flight would take 
place in 1968. Secretary McNamara a 
year ago placed the first unmanned 
MOL flight in late 1967, with the first 
manned flight in the first half of 1968. 
At that time, he also said that unmanned 
Gemini launches would take place “in 
the first half of 1966, and manned in 
the second half of ’66, and the labora- 
tory launches associated with Gemni X 
roughly a year later.” 

Cost of development of MOL and a 
flight program of six MOL launches has 
been estimated at over $1 billion. 

Meanwhile, industry has been con- 
ducting extensive company-sponsored 
work on MOL and most of the con- 
tractor teams have been formed in an- 
ticipation of the program. Contractors 
known to be interested in bidding on 
the program include: Lockheed Missiles 
and Space Co. as team leader of RCA 
for telemetry, tracking, communica- 
tions and data management subsystems; 
General Precision, Inc., navigation and 
guidance system; and AiResearch Div. 
of the Garrett Corp., life support and 
environmental control. 

Boeing Co. has teamed with Hughes 
Aircraft Co, for experiment integration, 
data processing and display; Philco 
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Corp., telecommu- 
nications and Hon- 
eywell, Inc., atti- 
tude control sys- 
tem. General Dy- 
namics / Astronaut- 
ics and TRW Space 
Technology Labor- 
atories form an- 
other bid team; as 
do General Electric 
and Republic Avia- 
tion, Martin and 
AC Spark Plug, 
Douglas and IBM. 
North American 
Aviation and Mc- 
Donnell also are ex- 
pected to bid on the 
program. 

@ MOL as seen 
now—Basically, 
MOL remains the 
same as when Mc- 
Namara outlined it 
in December, 1963 
—a modified Ge- 
mint with a small 
house-trailer-sized 
laboratory module 
attached to it. 

Considerable re- 
finement of this 
concept sees it as 
the modified Gem- 
ini with a two-compartment, 14-ft.-long, 
10-ft.-dia. laboratory. The larger com- 
partment would contain the military ex- 
periments, vehicle monitors and any 
other scientific equipment. Also, the liv- 
ing quarters for the two-man crew would 
be located in this pressurized section. 
Forward of this would be another com- 
partment serving as an air lock between 
the Gemini B and the laboratory. 

Internal volume of the canister is 
expected to be about 2,000 cu. ft. 
Weight of the entire MOL is placed at 
18-20,000 lbs. with an empty laboratory 
weight of 8,000 lbs. Launch vehicle for 
the combination is the Titan III-C. 

Structure of the laboratory is to be 
a foam-filled aluminum truss core sand- 
wich with fiush-mounted thermal radia- 
tors. Access to the laboratory from the 
Gemini is expected to be provided by 
an exit cut in the Gemini heat shield. 
Electrical power will -be provided, at 
least initially, by adaptation of Gemini 
or Apollo fuel cells with possibly iso- 
topic power sources or solar panels for 
follow-on missions. Spacecraft environ- 
ment will initially be 100% oxygen, 
with a mixed-gas atmosphere introduced 
later. A shirt-sleeve environment is to 
be provided for the crew for the 30-day- 
duration missions now planned. 

In the area of Gemini-Laboratory 
interfaces, the Laboratory will supply 
its own electrical power, pressure and 
thermal control as well as any standby 
Gemini requirements while in orbit. At- 


titude control and stabilization also will 
be an integral part of the laboratory. 

@ To prove man’s worth—MOL is 
still an experimental project to prove 
or disprove the utility of man in space 
for military missions. To meet this goal 
it must fulfill five basic objectives: 

—A minimum essential in-space test 
facility must be provided at an early 
date. 

—The functions to be performed 
should provide a measure of man’s 
usefulness, and be preceded by air- 
craft and ground simulation tests. 

—Requirements are to be met 
whereever practicable with equipment 
currently under development, and the 
approach selected has to show minimum 
developmental and operational risks. 

—The program schedule must be 
reasonable and attainable, with a com- 
mensurate fiscal commitment. 

—There must be a basis for orderly 
growth—in the event that future needs 
develop and man’s utility is demon- 
strated. 

Among the areas of investigation, 
one of the foremost is observation. 
In contrast with the myriad of repeti- 
tive, useless data returned from space 
by observation satellites, a manned ob- 
servation system may be able to pro- 
vide the most effective and versatile filter 
so that only significant information is 
gathered. Also, man can focus tele- 
scopes or other sensors on unusual Earth 
activities to yield a greater degree of 
information per unit of time over the 
target. 

Man’s value as a repairman for 
space equipment or as an on-the-scene 
experimenter is of interest. One pos- 
sibility that has been suggested is the 
use of manned space vehicles to fire 
Te-entry models into the atmosphere 
as part of a more flexible re-entry vehi- 
cle test program. Satellite inspection 
and interception, anti-ICBM potential, 
meteorological data-gathering, study of 
weapons effects on space vehicles, and 
space-based offensive capabilities against 
ground targets are other areas of po- 
tential mission applications. 

Most important initially, however, 
will be the physical limitations of man 
in space. 

Currently, the MOL program does 
not include a requirement for ren- 
dezvous, but should the program be ex- 
tended this would become a require- 
ment. Dr. Harold Brown, Director of De- 
fense Research and Engineering, told 
Congress earlier this year that the “ul- 
timate capability” of MOL included 
rendezvous, resupply and orbital as- 
sembly into a space station. This is not 
in the present MOL program, he em- 
phasized, but it could be “if and after 

. We conclude . . . that a man can 
have a substantial military purpose” 
in space. im 
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VASA 1965 preview... 


Manned Gemini Shots Top Schedule 


Pegasus, Pioneer, Surveyor, OSO, OAO to make initial 
flights; 1964 launch record was 27 successes 


THE SPACE AGENCY has sched- 
uled a total of 27 launches in 1965, 
beginning with another attempt to 
launch the second: Gemini-Titan II 
early in January. 

Next year’s schedule will be only 
slightly behind the 1964 pace, which 
saw the agency chalk up 27 successful 
flights in 31 attempts. 

In addition to the unmanned Gernini 
ballistic launch, 1965 will see the re- 
turn of manned space flights to the U.S. 
space program. Four manned Gemini 
Missions are planned, with the first 
manned rendezvous slated for late in 
the year. This, however, will probably 
slip into 1966. 

GT-2 has been re-scheduled by the 
space agency for the first or second week 
in January. The first launch attempt 
was aborted Dec. 9. 

The Titan IJ engines had burned 
for 1.7 seconds before a safety system 
detected a malfunction and shut down 
the big booster. Space agency officials 
reported that the trouble stemmed from 
a broken servo valve. Late last week, 
however, they still had not determined 
what caused the valve to fail. 

The flight will be an all-systems sub- 
orbital test. The primary objective will 
be to check out all spacecraft systems 
and obtain re-entry heating measure- 
ments. The Titan IJ launch vehicle will 
send Gemini to an altitude of 105 miles. 
It will attain a speed of 16,600 mph 
before plunging into the Atlantic some 
2,150 miles downrange from Cape Ken- 
nedy. 

® After GT-2—GT-2 will be fol- 
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lowed early in the spring by the first 
manned Gemini flight, which calls for 
a three-orbit mission. Long-duration 
flights will be attempted for periods 
of three days, seven days and two weeks 
before the first manned rendezvous is 
attempted late in the year. 

Other important 1965 launches in- 
clude the first three launches of the 
Pegasus meteoroid-detection satellite by 
the Saturn I booster, the first launch 
of the Surveyor engineering model 
spacecraft with the Centaur upper stage, 
two Ranger shots to the Moon, and the 
first launch of the Pioneer solar probe. 

The remainder of the schedule calls 
for three other Centaur launches, two 
Apollo abort tests with the Little Joe I, 
the first launch of France’s international 
satellite, two geodetic satellites, another 
Tiros meteorological satellite, an Or- 
biting Solar Observatory (OSO-B2), the 
first launch of the Orbiting Astronorm- 
ical Observatory (OAO-A), the U.S.- 
Canadian International Satellite for 
Ionospheric Studies (ISIS) and one 
Interplanetary Monitoring Platform 
(IMP-B) mission. 

@ 1964 a good year—NASA’s suc- 
cessful launch percentage was the high- 
est in its history in 1964. There were 
only three complete failures and one 
partial failure to mar the 31 launch 
attempts. 

Perhaps the greatest disappointment 
was Ranger VI, which impacted on the 
Moon Feb. 2, but failed to send back 
to Earth TV pictures of the lunar sur- 
face. 

The other unsuccessful missions 
were Mariner Ill 
on Nov. 5, which 
failed when its 
shroud failed to 
See ecttal eject, and Beacon 
7 Explorer A, 
which failed to 
go into orbit in 
a March 19 at- 
tempt. 


Per Cent 


in 31 attempts 


The one partial failure occurred 
Oct. 3 when the IMP-B spacecraft failed 
to achieve the optimum orbit. It has, 
however, sent valuable data back to 
Earth, including the discovery of a 
neutral sheet in the Earth’s magnetic 
field. Goddard Space Flight Center en- 
gineers believe that the “sheet” may 
serve as a depository for energetic par- 
ticles and could be partly responsible 
for the Van Allen radiation belt and 
the faint glow in the Midnight Sun. 

The satellite also confirmed previous 
theories that the Earth is sort of a mag- 
netic comet. It wags behind it, on the 
side away from the Sun, a gigantic tail 
of invisible magnetic force lines stretch- 
ing 239,000 miles into space. 

@ Chronology of success—The two 
major successes for NASA in 1964 
were Ranger VII, which transmitted 
more than 4,000 pictures of the lunar 
surface back to Earth July 31, and 
Mariner IV, which was launched Nov. 
28 on what now looks like a successful 
flight to Mars. 

Following a mid-course guidance 
correction maneuver early this month, 
scientists at the Jet Propulsion Labora- 
tory predicted that the spacecraft will 
pass within 5,400 miles of the planet 
next July 14 to take photos. Mariner IV 
lost track of its guiding star, Canopus, 
Dec. 8. Scientists were expected to at- 
tempt to lock the spacecraft on the star 
late last week. 

The theory held by NASA scientists 
is that a reflecting dust particle passed 
through the field of the spacecraft sen- 
sor causing it to lose Canopus. 

By overriding the gates on the star 
sensor, JPL believes that the spacecraft 
will no longer go into a roll search if 
a particle enters its field of view. 

Another important 1964 mission 
was the launch of the Saturn SA-7 
booster Jan. 29. It placed the heaviest 
satellite in history into orbit. This was 
a dummy Apollo spacecraft filled with 
water, and which weighed 37,400 Ibs. m 
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NAVY’S SOLID ROCKET propellant torpedo, the Mark 46, 
Mod 0, heads for its target in open sea operations. 


Second version in development... 


Mark 46 ASW Torpedo 


To Be Operational Next Summer 


INITIAL operational delivery of the 
Mark 46, Mod 0 anti-submarine torpedo 
will be made to the fleet “during the 
summer of 1965,” the Navy has an- 
nounced. Capable of launch from air- 
craft, helicopters or surface ships, the 
Mark 46, Mod 0 represents a significant 
advance in speed, depth performance 
and maneuverability over the Mark 44 
it will replace. 

An active acoustic homing torpedo, 
the Mark 46 can also be fired as a pay- 
load for the ASROC ASW rocket- 
boosted torpedo. It falls in the small, 
lightweight class of torpedoes, according 
to the Navy, with a weight of approxi- 
mately 570 lbs. It is 101 in. long and 
1234 in. in diameter. It has a high-explo- 
sive warhead. 

Navy officials told MIssiLEs AND 
ROcKETs earlier this year that the Mark 
46, along with the Mark 48 wire-guided 
torpedo now in development, would be 
able to cope with the present generation 
of Soviet nuclear submarines. This in- 
cludes the ability to seek out the target 
and elude countermeasures as well as 
to reach even the deepest diving sub- 
mersible in operation. 

@ Weapon ia  production—The 
Mark 46 was developed by Aerojet- 
General Corp. and is now in production 
at the company’s Von Karman Center, 
Azusa, Calif. Operational evaluation of 
the Mark 46, Mod 0 is currently under 
way. A second version of the torpedo, 
the Mod 1, is still under development. 
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Although no produciton decision 
has been made on this model, the Navy 
recently asked for sources competent 
to produce the Mark 46 without speci- 
fying which model. This may indicate 
the intention of the Navy to choose a 
second-source contractor for the Mod 
1 and produce both versions concur- 
rently. 

The primary difference between the 
Mod 0 and the Mod 1 is in the pro- 
pulsion system. The Mod 0 uses a 
solid propellant charge while the Mod 1 
has a liquid monopropellant. Advan- 
tages of the storable liquid are that it 
is cheaper and easier to maintain than 
the solid. 

The Mark 46, Mod 0 is the first 
Navy ASW torpedo to use a solid- 
rocket-fueled hot-gas propulsion system 
as its source of power, according to 
Aerojet. Also, it is the first capable of 
being launched by fixed-wing aircraft 
at speeds up to 400 knots. A parachute- 
retardation device is used to reduce 
water impact speed. 

© Description—Basically, the Mark 
46 consists of four major components, 
which, because of their modular con- 
struction, can be easily replaced: guid- 
ance and control system; explosive sys- 
tem; propulsion system and accessory 
system. The forebody contains the 
guidance package consisting of a trans- 
ducer, a transmitter and receiver, a 
control group with its power supply, a 
computer and an autopilot. 


MARK 46 here is used as payload for ASROC ASW torpedo in 
launch from a destroyer during sea operations test program. 


The electronics packages are sepa- 
rated by either a “live” or a practice 
warhead. The center section houses the 
solid-propellant gas pressure generator, 
and the afterbody contains the propul- 
sion unit. 

After water entry, the propulsion 
system is activated within one-half 
second by means of a sea water bat- 
tery driving the torpedo down to a pre- 
set initial search depth. Once there, 
the torpedo executes a programmed 
search pattern for the target by active 
echo ranging or passive listening. Upon 
locating the target, the Mark 46 starts 
the pursuit and attack program, closing 
on and destroying the target. If it 
loses the target for any reason, the 
torpedo re-executes the search pro- 
gram to relocate the target. 

The first test of this torpedo propul- 
sion system was run in Key West in 
1957. The propulsion system was initi- 
ated as a cooperative venture in 1956 
by the Bureau of Naval Weapons sup- 
ported by the Naval Ordnance Test 
Station, Pasadena, Calif., Aerojet and 
Clevite Corp., Cleveland. 

NOTS is program technical direc- 
tor for the Bureau of Weapons and 
Aerojet is prime contractor. Other mem- 
bers of the team as principal subcon- 
tractors to Aerojet are Clevite for the 
engine and The Bendix Co., North 
Hollywood, Calif. for the guidance and 
control system. fi 
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Thiokol test succeeds... 


DOD Considers Further Awards 


In 156-in. Solid-Rocket Motor Program 


Odds on FY ‘66 funding called at least even; new bid package 
series to be aimed at development of specific launch systems 


SOURCE SELECTION BOARD 
recommendations for the next series of 
156-in solid rocket contracts have been 
completed by the Air Force Space Sys- 
tems Division and are now in the hands 
of the Dept. of Defense for final dis- 
position. Prospects for Fiscal Year 1966 


funding range from “favorable” to 
“even money,” say industry and SSD 
officials queried by MISSILES AND 
ROCKETS. 


Decisions on the next series of con- 
tracts—covering Bid Packages 13, 14, 
15 and 16—are due by the end of the 
year, but experienced observers note 
that it usually takes DOD at least 30 
days to make up its mind in such cases. 
Allowing for the upcoming holidays, it 
may be the end of January before any 
action is announced. 

The new series of bid packages on 
the 156-in. solid will be a turning point 
in the history of the national large 
solid-rocket motor program. For the 
first time, contracts will be directed 
toward development of specific launch 
systems rather than mere feasibility 
demonstrations. SSD also expects that 
from now on the Air Force 156-in. pro- 
gram will stand on its own feet, rather 
than ride the coat-tails of NASA's 
problematic 260-in. program. 

NASA officials remain noncommit- 
tal about the future of that program, 
which continues to be a state-of-the-art 
advancement effort. To date, a large 
part of the 156-in. program has been 
justified as subscale development for 
the 260-in. motor. 

@ Program  objectives—Ultimate 
goal of the Air Force 156-in. program 
will now be a solid-propellant launch 
vehicle capable of orbiting a wide vari- 
ety of payloads—as yet unspecified— 
or launching massive weapons or pay- 
loads on suborbital trajectories. It will 
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be possible to assemble it in three- or 
four-stage configurations. 

A generally successful static firing 
of the Bid Package Three 156-incher 
was conducted last week by Thiokol 
Chemical Co.’s Wasatch Div. at Brig- 
ham City, Utah. Afterward, Brig. Gen. 
Joseph S. Bleymaier, SSD commander, 
said the test proved that the launch sys- 
tem envisioned by the Air Force can 
now be designed without fear of formi- 
dable new technological obstacles or 
prolonged, expensive new development. 

Col. Harold W. Robbins, SSD di- 
rector of the large solid-rocket motor 
program, said “it is now proven that 
such motors are scaleable. We can in- 
crease size without causing combustion 
instability and can predict action time 
and performance within tenths of a per- 
cent.” 

As part of its contract obligation on 
Bid Package Three, Thiokol has turned 
over the used case to SSD. As govern- 
ment-furnished equipment, it will be 
reloaded and refired by whatever con- 
tractor wins Bid Package 14. Had the 
case been damaged in the static firing 
last week, it might have delayed that 
part of the program by as much as six 
months. The case of the Bid Package 
Two motor will also become Air Force 
property for re-use in Bid Package 13 
after it is fired sometime in February 
by the Thiokol Space Booster Div., 
Brunswick, Ga. 

Both cases were built for Thiokol 
by Excelco Developments, Inc. Since 
nozzles are attached by bolt-on flanges, 
it will be possible to apply different 
nozzle and thrust-vector-control designs. 

The Bid Package Three motor was 
regarded as flightweight hardware and 
had a propellant mass fraction of nearly 
0.90. One primary goal was a demon- 
stration of the feasibility of fully gim- 
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baled nozzle thrust-vector-control for 
solid rockets. Although somewhat heav- 
ier than other TVC devices, the gim- 
baled nozzle does not intrude in the 
exhaust plan or degrade thrust. 

During the successful static test, 
the gimbaling duty cycle—a function of 
thrust vector angle from the center line 
and angular rate—was approximately 
three times as severe as would be ex- 
pected in a routine flight. Maximum 
thrust deflection was about five degrees, 
and the time required to swing from 
hard-over in one direction to hard-over 
in the opposite direction appeared to be 
a little more than one second. 

®@ Firing results—During the 130- 
sec. test run, the Thiokol motor devel- 
oped the planned chamber pressure and 
a thrust of nearly 1.5 million Ibs. After 
99.6 secs., excessive nozzle erosion cre- 
ated a notch in the edge of the expan- 
sion cone and rapidly cut the notch back 
toward the strong gimbal ring that re- 
inforces the nozzle throat. 

With its structural integrity de- 
stroyed, the stress of pressure, tempera- 
ture and the accelerations of the gim- 
baling duty cycle shattered all of the 
cone downstream of the steel ring. Since 
the nozzle throat remained intact, the 
rocket continued to operate with only 
an 8% reduction in thrust and no 
change in chamber pressure. 

The cone was made entirely of abla- 
tive-cooled impregnated carbon fabric 
without any sort of load-bearing metal 
shell. Probable fix would be to increase 
the thickness of the ablative cone rather 
than to add metal backing. The cone 
was constructed by a rosette lay-up 
process in which overlapping longitudi- 
nal cone segments are successively lam- 
inated, with opposite edges of each seg- 
ment touching both inner and outer 
surfaces of the cone. The angled fabric 
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SUCCESSFUL STATIC FIRING of Bid Package Three 156-in. solid by Thiokol’s Wasatch Div. last week. 


segments act somewhat as a structural 
web to increase strength. 

® Nozzle design—The Thiokol gim- 
baled nozzle is built on the ball-and- 
socket principle, with its center of ro- 
tation and the split-line between the 
movable and fixed parts of the motor 
upstream of the nozzle throat where 
exhaust flow is subsonic. 

Metal parts in the throat and con- 
verging part of the nozzle are protected 
from direct contact with the exhaust 
flame by ablating plastic. The gap be- 


tween the movable and fixed parts of 
the nozzle is only about 0.1 in. It is 
sealed by a Viton-A rubber O-ring. 
The distance through the gap be- 
tween the flame and the O-ring is about 
10 in. This space is packed with highly 
viscous silicone grease to protect the 
ring. Some of the grease is entrained 
by the internal flow and more is ex- 
truded when the nozzle is moved to 
vector thrust, but the loss is not enough 
to call for resupply during motor burn. 
Longitudinal loads upon the movable 


More Surveyor Delay is Foreseen 


FURTHER SLIPPAGE appears 
to be developing in the Surveyor 
program, even though NASA hailed 
the Dec. 11 launch of its Centaur 
launch vehicle as a success. 

The first spacecraft the space 
agency hopes will take pictures of 
the lunar surface will be the fourth 
in the Surveyer program. Before that, 
four development flights of Centaur 
will have to be made in 1965, and 
then three engineering test models of 
the spacecraft will have to be 


launched. Since NASA was able to 
launch only two Centaurs in 1964, 
the time required to get off seven 
flights will probably push back the 
first soft landing of Surveyor on 
the Moon until late in 1966. 


NASA called the Centaur 4 
flight a success even though the 
planned re-start of the upper stage’s 
engines failed to take place. The 
launch with the heaviest payload 
ever lofted by Centaur—41,027 lbs. 
—got off from Cape Kennedy at 
9:25 am. (EST), and after a nominal 
first burn the Centaur went into a 
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parking orbit of 101.2 miles perigee 
and 107.3 miles apogee. 

The attempt to restart the en- 
gines 25 minutes later failed when 
the stage began to tumble and roll 
in its orbit. 

Late last week, NASA officials 
said that the most likely cause for 
the tumbling was not trouble with 
the guidance system, but rather the 
failure to keep the liquid hydrogen 
in the bottom of its tank. If it 
sloshed around, as they believe, it 
could easily have caused the tum- 
bling. 

NASA said that all prime mission 
objectives had been met, including 
the demonstration of the structural 
integrity of the Atlas-Centaur during 
powered flight, testing of the guid- 
ance system which was flying closed- 
loop for the first time, verification 
of the structural and thermal in- 
tegrity of the Centaur nose fairing 
and insulation panels, and verifica- 
tion of the performance of the jetti- 
son systems for the nose fairing and 
insulation panels. 


nozzle are picked up by the gimbal rings 
to prevent them from jamming or de- 
forming the ball and socket. 

® Motor position and design—A ft- 
end ignition was used to start the hori- 
zontally mounted 777,000-lb (weight) 
rocket. A 43,000-Ib.-thrust solid rocket 
was rail-mounted to fire its exhaust up 
the length of the circular charge port 
in the 156-in. propellant grain. Milli- 
seconds later, explosive bolts released 
the igniter motor and it propelled itself 
downrange and out of the way of the 
exhaust from the larger motor. 

The 78-ft.-long, 156-in.-dia. rocket 
was constructed and loaded in three 
segments, with V-shaped gaps between 
propellant grains at the joints configured 
to keep burning area, chamber pressure, 
and thrust constant during firing. When 
it is reloaded for Bid Package 14, only 
the head and aft segments of the case 
will be used. The cases are made of 
a Martensitic steel—18% nickel. The 
new motor is to deliver 1.1 million 
Ibs. of thrust for 70 seconds. 

The Thiokol Space Booster Division 
156-in. solid rocket to be fired in the 
spring will produce about 3 million lbs. 
of thrust—twice that of the Wasatch 
Div. motor. The additional thrust is ob- 
tained by adding one more segment and 
using a faster-burning version of poly- 
butadiene acrylic acid-ammonium per- 
chlorate propellant, which will also be 
used in Bid Package 14 if Thiokol wins 
it. The characteristics of the faster- 
burning propellant are still within re- 
quirements for class-two non-detonable 
propellants. 

The Air Force-NASA large solid 
rocket motor program is under manage- 
ment of Space Systems Division, (Air 
Force Systems Command), with techni- 
cal management by Rocket Propulsion 
Laboratory at Edwards AFB, Calif. g 
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SPAR Goes to Sea 


FIRST PICTURES of sea trials of 
SPAR (Seagoing Platform for Acous- 
tics Research) were taken off Mayport, 
Fla. The objective was to upend the 
vessel for the first time, check its sta- 
bility and operating equipment prior 
to installation of oceanographic equip- 
ment next month at the Navy Yard An- 
nex, Washington, D.C. The vessel is 
expected to be operational early next 
summer. 

SPAR is a 354-ft.-long, 16-ft.-dia., 
cigar-shaped vessel, towed in the hori- 
zontal attitude, then ballasted to a 
vertical attitude to become a stable 
platform (M/R, Aug. 3, p. 27). It 
displaces 1,370 tons horizontal, 1,720 
tons vertical. Preliminary design was 


done at the Naval Ordnance Labora- 
tory, White Oak, Md., but the final 
design was by M. Rosenblatt and Sons, 
Inc., naval architects and marine en- 
gineers of New York. 

In the pictures shown here, the ves- 
sel reached a draft of 302 ft., its ap- 
proximate operating attitude. SPAR is 
said to be stable in rough water when 
its maximum heave will be about one 
fps. Rough water is defined as sea-state 
four—4- to 8-foot waves. 

SPAR is unmanned and its scientific 
data is expected to contribute to learn- 
ing more about the ocean for Navy 
ASW work. Builder is Aerojet-General 
Shipyards, formerly Gibbs Shipyards of 
Jacksonville, Fla. | 
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Technical Countdown 


ELECTRONICS 


Laser Beam Studied With Liquid Crystals 


Liquid-crystal sensors are being cmployed by Westing- 

house scientists in Pittsburgh to study laser-beam infrared 
far-field patterns. Described as extremely temperature-sensi- 
tive, thin films of the cholesterol-compound sensors under- 
go unique color changes (from red to green) under IR ir- 
radiation, providing useful data concerning laser operating 
characteristics. The detector itself consists of a thin film of 
the liquid crystals supported on a blackened membrane in- 
stalled within a vacuum chamber. The film is illuminated 
on one side by a mercury lamp and an adjustable heat lamp. 
The laser beam is directed at the flat film surface on the other 
side. The film is observed from the mercury-lamp-lit side. 


GaAs Generator Operated Continuously 


A gallium-arsenide (GaAs) microwave generator has 
been operated continuously at room temperature by IBM’s 
Thomas J. Watson Research Center, Yorktown Heights, 
N.Y., opening up practical use of such devices in micro- 
wave communications systems. Such devices previously re- 
quired pulsed operation only due to rapid high temperature 
build-up in the crystal block. By increasing resistivity with 
specially built crystals and improving heat transfer with 
conducting copper rods, IBM researchers claim satisfactory 
control. Experimental GaAs crystals used are about 30 
microns thick, with square cross sections varying from 175 
to 250 microns, and have been operated in the 4 to 7-gc 
range. Input is 1.5 watts; output about 17 uw. 


Thumbtack Accelerometer Developed 


A new miniature piezoelectric accelerometer, devel- 
oped by the National Bureau of Standards, presents an ex- 
tremely low mechanical impedance to a vibrating body, 
permitting the precise location of vibration measurements to 
be known. The pickup, requiring only tip control with a sur- 
face—less than 0.20 mm?2—is a barium titanate piezoelectric 
disc sandwiched between a hardened steel probe and a cylin- 
drical steel base. The probe is a 30-degree cone with a sensing 
tip of 0.25-mm radius. The whole transducer resembles a 
thumbtack and has been so named by NBS researchcrs. 


PROPULSION 


Orbital Filament-Wound Tank Ordered 


Aerojet-General Corp. will design a subscale filament- 
wound storable liquid propellant tank that could be placed in 
orbit as an experiment aboard a space vehicle. Work is under 
a $193,000 Air Force contract aimed at achieving weight 
savings in rockets and spacecraft. Development program will 
test various resins and liner materials with three propellants 
—Aerozine-50, nitrogen tetroxide and chlorine trifluoride. 
Liner materials will include organic polymers, metal foils 
and laminates of metals and polymers. Twenty 8-in. oblate- 
spheroid tanks will be built and tested using the storable 
propellants at varying temperatures for periods up to a year. 


missiles and rockets, December 21, 1964 


ASTRONAUTICS 


Meteorological Probe Launches Successful 


The Navy has completed first launches of what it calls 
the only available low-cost probe capable of carrying a 12-Ib. 
payload to altitudes above 70 miles. The probe is the new 
Sidewinder-Arcas meteorological rocket developed by the 
Naval Missile Center, Pt. Mugu, Calif. NMC mated two 
standard rockets, the Arcas for the upper stage and the 
Sidewinder for the booster. Designed to probe the upper 
atmosphere during spacecraft launches, the vehicle will carry 
a metallized plastic sphere which will be ejected and inflated 
at altitude for radar tracking during descent. 


Bubble Satellites Claimed Feasible 


Formation of extremely large spheres in space by blowing 
them as bubbles looks feasible according to studies carried 
out by Astro Research Corp., Santa Barbara, Calif., for 
NASA Headquarters. Having no structural rigidity, a bubble 
has perfect spherical form, and is not subject to thermal 
distortion. The technique promises space structure sizes 
hitherto unattainable with very low masses. A 1,000-ft.- 
dia. Echo II type sphere could be blown from 200 Ibs. of 
viscous material, yielding 2-micron film thickness. Vacuum 
inside sphere would far surpass those obtained in laboratories 
and so enable vacuum deposition of an internal metallic 
film for communications purposes. Other applications would 
be use of large sphere to reveal planetary upper atmosphere 
densities. 


SPACE MEDICINE 


Impact Bladder Tested Successfully 


A fluid-filled “bladder” may offer the best form of pro- 
tection to astronauts during impact accelerations, a study at 
Northrop Space Laboratories indicates. Using guinea pigs, 
the investigators compared impact damage using the bladder 
device to that encountered with total water immersion in a 
closed capsule and contoured protection. The fluid-filled gar- 
ment produced less damage to the air-containing organs such 
as the lungs and alimentary tract than did water immersion, 
and less damage to the spleen and liver than the contoured 
couch. It seems to offer the same advantages in minimizing 
internal organ displaccment as does water immersion, but 
without the risk of generating high hydraulic pressure pulses, 
they said. 


Centrifugal Force Nullifies Inactivity Effects 


A test in which centrifuge rides were used to nullify the 
effects of prolonged bedrest was performed by the Douglas 
Missile and Space Systems Div. for the Air Force and, 
reportedly, has produced encouraging results. Five college 
students underwent 42 days of total bedrest, except for 30- 
minute periods each day on the centrifuge starting with the 
fourth week of bedrest. A net hammock connected to an 
electric hoist was used to transfer the subjects from their 
beds to the centrifuge, so that they would not disturb the 
results of the test by having made any other movements. 
After the test period, the subjects were reportedly able to 
stand and walk without any ill effects. Data are being 
evaluated. 
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lunar exploration 


Post-Apollo Lunar-Orbit Experiment 
Recommendations Detailed in Report 


SPACE AGENCY SCIENTISTS 
have completed the first of three pre- 
liminary but comprehensive Mission 
Definition Documents detailing the ob- 
jectives and potential scientific experi- 
ments to be carried on by manned 
spacecraft in the period immediately 
following the initial Apollo lunar land- 
ing. 

The first report outlines experiments 
which NASA scientists currently view 
as potential payloads for manned lunar- 
orbiting vehicles of the so-called Ex- 
tended Apollo design (M/R, Nov. 30, 
p. 52). 

It was prepared by the Advanced 
Missions Branch of the Manned Space 
Science Program within the Office of 
Space Sciences and Applications 
(OSSA), in cooperation with the Office 
of Manned Space Flight (OMSF). 

The second document, covering 
manned Earth-orbital operations, is also 
being developed within OSS&A in co- 
operation with OMSF, and is expected 
to be completed early in 1965. The 
third report, covering manned lunar 
surface operations, is being written by 
the Marshall Space Flight Center in co- 
operation with NASA headquarters, and 
is also due to be submitted early next 
year. 

Scientific aspects of the reports are 
being developed under the direction of 
OSS&A’s Willis B. Foster (director of 
the Manned Space Science program) 
and Dr. Peter C. Badgely (chief of Ad- 
vanced Missions), in cooperation with 
OMSF’s William Taylor (director of 
Special Manned Space Flight Studies) 
and Maurice Raffensperger (director of 
the Manned Earth Orbital Missions 
Studies) concerning spacecraft systems 
and engineering. 

While the reports are viewed as 
“first iterations only,” according to 
NASA, their very existence, and the 
widespread scientific inputs which they 
reflect, signals a major step forward in 
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by Michael Getler 


the space agency’s attempt to define in 
detail an integrated program of early 
post-A pollo manned exploration. 

NASA officials feel that with the 
reports in hand (particularly the Earth- 
orbital and lunar-orbital projects), a 
second go-around will see the overall 
Apollo Extension System (AES) pro- 
gram definitized within the next few 
months, 

While the three portions of the AES 
effort will have distinctly different sci- 
entific missions, the two programs di- 
rected at lunar exploration will be 
highly complementary, with the lunar- 
orbital data used to extend the relatively 
limited-range early lunar surface tra- 
verses and to verify data gathered by 
other manned and unmanned lunar 
probes and sensors. 

@ Lunar-orbit AES—NASA says 
the basic Apollo lunar orbiting space- 
craft will perform three missions. These 
include: 

—Surface Exploration Support— 
which basically involves delivering three 
astronauts to lunar orbit and then re- 
maining in orbit for up to 14 days while 
two astronauts descend to and explore 
the lunar surface. This requires an 
extended-life Apollo Command and Ser- 
vice module in orbit and two extended- 
life LEM’s on the surface; one delivered 
unmanned to serve as a shelter and 
laboratory for the two-man crew land- 
ing later. 

——Mapping and Survey—which can 
be accomplished in four days in a low- 
inclination lunar orbit and requires ad- 
dition (probably to the Service Module) 
of a camera subsystem for mapping and 
high-resolution stereo reconnaissance, 
and some orbit-to-surface probe equip- 
ment which could be rack-mounted on 
the spacecraft. A viewfinder is also be- 
ing studied for pointing the cameras, 
acquiring targets of interest, and guid- 


ing deployment of the surfacing probes. 

—Extended Lunar Orbital Survey— 
represents the primary mission for these 
spacecraft, and the one for which most 
of the new experimental packages would 
have to be developed. A series of mis- 
sions is envisioned in which two or 
three astronauts would be placed in a 
lunar polar orbit for up to 28 days. 
NASA points out that this stay time, 
plus the transit to and from Earth, 
would mean increases in the lifetime of 
several Apollo subsystems, particularly 
power and life support, to about 35 
days, in addition to taking on more 
expendable supplies. They say one an- 
swer to extended life support and power 
needs, and additional working and liv- 
ing space for this mission, might be use 
of the LEM ascent stage. 

While the extended survey opera- 
tion would carry multi-spectral photog- 
raphy sensors and various electromag- 
netic sensors, it probably would also 
keep on board the cameras, probes, and 
viewfinder developed for the mapping 
mission. 

Discussing the design of the view- 
finder, NASA says it wants a device 
which has the maximum angular range 
possible and also states that some ability 
to vary the magnification would be de- 
sirable. Since the orbiter’s relative 
ground speed will be rapid, the view- 
finder and the on-board photographic 
sensors will have image-motion compen- 
sation devices, though there are some 
possible trade-offs between exposure 
times, film speed, resolution, and sys- 
tem weight. The chosen system might 
also have a small telescope for planetary 
surface observations. 

Estimates of some of the major op- 
erating parameters of the potential ex- 
periments for the manned lunar orbiter 
appear in the accompanying chart (p. 
23). Following are further details about 
the reports. 


© Photographic mapping—NASA 
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says the proposed mapping and survey 
system will include a high-resolution 
camera for lunar-landing site selection, 
certification of site integrity, and high- 
resolution photos of interesting land- 
marks; a cartographic camera for area 
mapping and landmark location; a stel- 
lar camera for precise spacecraft atti- 
tude determination during camera ex- 
posure; an altimeter and a clock. 

The high-resolution camera must be 
capable of resolving low-contrast ob- 
jects of a few fect on the lunar surface 
when the Sun angle above the local 
horizontal is between 10 and 40 deg. 
The mapping camera must provide an 
ability to locate various lunar sites and 
landmarks to a relative accuracy of 
500 meters. 

© Multi-spectral photozraphy—This 
will be an attempt to differentiate be- 
tween types of terrain by examining 
reflectivities in a number of different, 
and separately recorded, wavelengths— 
a technique which is thought to be con- 
siderably superior to conventional color 
photography. Due to the large on-board 
film requirements with this approach, 
intermittent coverage of areas is likely; 
the crew will play a key role in selection 
of certain areas and periods when con- 
tinuous photographic coverage may bc 
desirable. 

NASA is now conducting several 
Studies of importance to this experi- 
ment. One calls for reconstructing con- 
ventional color photos from a set of 
multi-spectral images and applying 


color-enhancing techniques to the re- 


sultant photo. Another study is aimed 
at better definition of the color sensi- 
tivities of the human eye, to remove 
some of the subjective elements from 
lunar photo interpretation. 

@ IR surveying—Use of remote IR 
sensors is anticipated as a means to 
positively identify certain types of rocks 
and minerals. While IR obsorption, re- 
flection, or emission spectral measure- 
ment techniques are used in various ap- 
plications, NASA investigators feel that 
emission analysis will be the best ap- 
proach open to orbital spacecraft; they 
believe there is great promise in meas- 
uring reflection of IR radiation from 
surface-roving vehicles. 

@ Passive microwave experiment— 
It is hoped that a stercoscopic bright- 
ness temperature map of the Moon, and 
estimates of gross surface roughness and 
surface dielectric constant, will be pro- 
vided through passive microwaves. Sci- 
entists see the orbiter as a mcans to 
extend already-established microwave 
temperature mapping techniques into 
the three-dimensional surface and sub- 
surface area, with resolution elements 
of 0.5-10 km, depending upon orbital 
height. 

Microwave emission measurements 
may determine the nature of the layer- 
ing in the lunar crust, NASA believes, 
through measurement of subsurface 
emission at various wavelengths cor- 
responding to different depths. These 
data, in conjunction with other visual 
and IR sensor inputs, are also expected 


to make possible more definite conclu- 
sions regarding certain lunar terrain 
features and their origins. 

It is also expected that surface di- 
electric and roughness measurements 
will be obtained from measurements 
of microwave emission at several look 
angles, wavelengths, and polarizations. 
This should supply more accurate esti- 
mates of lunar dust cover on parts on 
the surface, perhaps those which can- 
not be reached by surface exploration. 

Earth-orbital sensor test phase will 
be highly important for thcse experi- 
ments. Within a year, NASA says, an 
advanced stercoscopic imaging micro- 
wave instrument will be developed for 
airborne testing, and this will no doubt 
feed development of the device to be 
used in lunar orbit. 

@ Lunar-gravity measurements — 
Primary objective is accurate mapping 
of the Moon’s gravity field—particu- 
larly anomalous regions of the field— 
in the hope of gaining a better under- 
standing of the internal construction, 
crustal rigidity and mass distribution. 
With development of highly sensitive 
instruments (M/R, Dec. 14, p. 32), 
scientists hope to be able to measure 
lunar anomalies of 1-10 milligals aris- 
ing from structures 1-5 miles below the 
surface. 

© RF reflectivity—By making meas- 
urements of HF and VHF reflectivities 
of the Moon's surfacc, NASA hopes 
to gain information on the dielectric 
and conductive properties down to con- 
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How to keep the upper hand... underground 


What Boeing is doing 


bout Minuteman ICBMs: 


Production 


In a plant near Ogden, 
Utah, Boeing assembles 
Minuteman missiles for 
the U. S. Air Force. More 
than 700 (all on or ahead 
of schedule) have al- 
ready been delivered to 
launch or test sites. In a 
recent 120-day period, 
Boeing delivered a com- 
plete 150-missile wing 
to the Air Force. 


Testing 


Boeing crews have 
launched, or assisted the 
Air Force in launching, 
more than 50 Minute- 
man missiles from Cape 
Kennedy or Vandenberg 
AFB. In addition to de- 
veloping launch proce- 
dures and maintenance 
techniques for Air Force 
crews, Boeing provides 
training equipment and 
technical assistance. 


Integration 


As weapon system inte- 
grator, Boeing installs 
the missiles at oper- 
ational sites and as- 
sembles the complete 
weapon system for de- 
livery to Air Force. Work 
involves command and 
control equipment, com- 
munications networks, 
security installations 
and underground quar- 
ters for Strategic Air 
Command crews. 


Minuteman II 


First firing of advanced 
Minuteman I] was per- 
fect, from launch at 
Cape Kennedy to direct 
hit in splash net near 
Ascension Island. A con- 
tinuing improvement 
program has achieved 
heavier payload, greater 
accuracy and increased 
range. 
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siderably greater depths than can be 
obtained using radar frequences. Be- 
havior of crustal materials of the Moon 
as reflectors at these relatively low fre- 
quencies is largely unknown and should 
be of considerable interest. For ex- 
ample, unexpectedly deep penetrations 
could open the way to underground 
communication sites. 

@ Radar imaging—High-resolution 
side-looking radar, despite its high 
power and size demands, is believed to 
provide some unique advantages not 
available from optical mapping methods 
and is viewed as essential for a manned 
lunar orbiter. It is particularly suitable 
for tectonic mapping, since it displays 
some structural details which would go 
undetected photographically, particu- 
larly if they were illuminated vertically. 
The technique will allow mapping both 
dark and light sides of the Moon, com- 
pleting a surface coverage in about 14 
days. 

®@ UV absorption and luminescence 
—This may yield specific data on the 
chemical composition of the lunar sur- 
face. NASA says that as a result of 
terrestrial studies, two highly sensitive 
systems may be developed which would 
require only slight changes for use in 
an AES orbiter. 

® X-Ray fluorescence—NASA hopes 
to extend the rather well-known ma- 
terial analysis techniques usually con- 
ducted in the so-called hard X-ray re- 
gion (0.3 A-3A) to the soft X-ray 
regime for surface atomic analysis of 
the Moon. The NASA report states that 
preliminary studies suggest that suffi- 
cient solar X-ray flux is available under 
“quiet” Sun conditions to make the 
measurements feasible. Possible ground 
resolution from orbital altitudes is on 
the order of | km sq. 

® Gamma ray mapping—lIdentifica- 
tion of mineral deposits with distinctive 
gamma-ray spectra, measurement of 
cosmic-ray-induced radioactivity, and 
geochemical mapping of surface layers 
are the objectives of this experiment. 
Measurement of the natural component 
of the Moon’s radioactivity will aid in 
determination of the heat balance. This 
in turn will be valuable in estimating 
the degree of differentiation undergone 
during the Moon’s evolution. 

© Remote geochemical sensing— 
NASA suggests that detection of trace 
metals near the lunar surface may be 
possible by means of applying new 
techniques for detecting spectral ab- 
sorption characteristics which are said 
to be particularly well suited to a low- 
pressure environment. This type of ex- 
periment might also yield data on the 
presence of occluded gases near the 
lunar surface in quantities too small to 
be detected by other means. 

@ Micrometeorite experiment—The 
major objective here is to collect, intact 
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and unaltered, cosmic dust particles 
from space with an AES lunar orbiter; 
they will be recovered for subsequent 
analysis in the hope of finding answers 
to questions concerning the lunar dust 
environment and the origin and source 
(possibly the Moon itself) of the par- 
ticles. The development of various eol- 
lection systems is well under way in 
the U.S.; some have already been flown 
aboard Earth-orbiting craft and other 
probes. 

Inclusion of these experiments 
aboard a manned lunar orbiter will im- 
pose certain restraints upon the various 
AES spacecraft systems. 

@ Spacecraft considerations—For 
example, the choice of the lunar orbit, 
stay time, and height above the surface 
are all subject to some trade-offs. Maxi- 
mum coverage for the experiments will 
be derived from a polar orbit, coupled 
with a stay time of at least one sidereal 
period (27.3 days). With this condition, 
the entire lunar surface will pass di- 
rectly under the spacecraft. However, 
the NASA report points out that the re- 
quirement for a vertical view is not 
critical and a near-polar orbit combined 
with side-looking sensors would achieve 
the same effect. 

The orbital altitude affects resolu- 
tion of some experiments and power 
consumption of others. In general, low- 
ering the orbit increases the perform- 
ance of most experiments; however, 
the angular rate at which surface fea- 
tures pass through the field-of-view 
greatly increases (about 2 deg/sec. at 
20 n. mi.), making demands on the 
image-motion compensation capabili- 
ties. 

Spacecraft attitude stabilization may 
not be too critical if some experiments 
can be equipped with additional stabili- 
zation devices, says the report. The 
side-looking radar antenna however, 
might impose an overall stability re- 
quirement of about 3.5 deg/sec. on 
the spacecraft. 

Orbit determination by means of 
NASA’s manned space flight net and 
the DSIF is expected to measure space- 
craft position to about 100 meters, and 
velocity to within -+0.2 meters/sec. 
However, some form of altimeter will 
be essential aboard the orbiter. 

Power requirement for the experi- 
ments is now estimated at between 2- 
2.5 kw. 

Careful study will be given to the 
manner in which data is returned to 
Earth and to the selection of which 
data is returned. Present estimates in- 
dicate that only about 200 Ibs. of data 
can be returned in the AES re-entry 
module. This would be equivalent to 
stored high-resolution photos of about 
1/10 of the lunar surface. In view of 
this limitation, NASA scientists stress 
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; 


the importance of the astronaut as a 
critical selective agent. 

In addition to physically returned 
data, the AES is expected to have an 
allocated telemetry bandwidth of 10 
mc, according to NASA, which rep- 
resents an increase in information band- 
width beyond the current Apollo com- 
munications system. 

However, NASA says that present 
cstimates indicate that allowable stored- 
data return, together with the telemetry 
capability, will still not be sufficient to 
return all cxperimental data to Earth. 
Therefore, much study will have to 
be made of the trade-offs between send- 
ing Over each route and the possibilities 
of using new in-flight data reduction 
systems. 

One other possible constraint may 
be the existence of exhaust and other 
gaseous material around the spacecraft 
—material which could contaminate 
the lunar atmosphere and hinder at- 
tempts to measure constituents in their 
original form. Measurement of the 
spacecraft environment prior to enter- 
ing lunar orbit appears to be advanta- 
geous. 

The NASA report also touches on 
some of the secondary, non-scientific 
roles that a manned lunar orbiter could 
perform; these include its use as a com- 
munications link, as a navigational aid 
to assist in precise surface location of 
equipment, and in a search and rescue 
role also associated with lunar surface 
operations. 

® Timetable—The ground develop- 
ment and subsequent flight-test plan for 
AES missions looks something like this: 

Mid-1964-early 1967: Experiment 
feasibility studies (many of these are 
already under way within various NASA 
and other governmental agencies, and 
universities ). 

Early—late 1965: Preliminary design 
studies of instrument requirements for 
spaceflight experiments. 

Late 1965—mid 1966: Detailed in- 
strument design and prototype develop- 
ment. 

Late 1966-early 1968: Hardware 
development and integration with space- 
craft. 

Mid 1968-early 1969: Testing in 
Earth orbit (probably using Saturn IB) 
for lunar orbit sensors and module. 

Early 1969: Operational readiness 
for lunar orbital scientific survey mis- 
sion. 

Early 1969 —: Data returns and 
analysis from AES missions, with an 
established data center in operation at 
this time. 

Though flight plans are still uncer- 
tain, NASA estimates that 2-3 lunar 
orbital survey flights, using the Saturn 
V launch vehicle, in increasing orbital 
inclinations and to 28-day durations, 
will be made during the 2-3 year period 
after the initial Apollo landings. a 
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Mobility. 


We thiweieht generator sets 
made by Garrett-AiResearch can 
be moved fast. 

Heavy diesel and gasoline 
engines can’t. 

And that is one big reason why 
Garrett gas turbine generator sets 
are being specified more and more 


frequently in place of reciprocat- - 


ing engines. 

Today, any modern weapons 
system — ground radar, missile 
support, or communications unit 
—must have the ability to move 
on a minute’s notice. 

That means it must be equipped 
with a lightweight, portable 
power source. 

The power output 
must be precise and 
of high quality. 
It must be 
reliable. 


Garrett gas turbine generator 
sets fill the bill on all counts. 

For example, four men can 
easily carry a 20 kw or 30 kw 
generator set made by Garrett, or 
it can be airlifted by helicopter or 


light aircraft, or 
transported in a jeep. 

Garrett generator 
sets can produce 
50, 60 or 400-cycle electrical power 
or combination outputs ranging 
from 20 to 250 kilowatts. 

Garrett sets are built tough — to 
withstand shock and rough han- 
dling in field operations. 

Our sets operate reliably in any 
weather — with immediate starts 
from minus 65° to a plus 125°. 

Starting, electrical loading, and 
shutdown functions are automatic. 

Sound attenuation is an integral 

part of the 
enclosure and 
exhaust system. 
Noise is reduced 
to a comfortable 
level. 

The multi-fuel 


capability of Garrett sets permits 
them to run on jet fuel, AV gas, 
diesel fuel, natural gas or com- 
mercial gasoline. 

Because Garrett has built over 
10,000 small gas turbines, proved 
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dependability comes as standard 
equipment with every set we 
deliver. 

Garrett-AiResearch generator 
sets are currently at work with 


many military units: The U.S. 
Air Force, U.S. Marine Corps, 
U.S. Navy, U.S. Army, NASA, 
as well as with foreign military 
groups. 

For further information, write 
to J. A. Connell, AiResearch 
Manufacturing Division, 180 N. 
Aviation Boulevard, El Segundo, 
California. 


Garrett 
zs experience 


AIRESEARCH 


AtResearch Manufacturing Divisions 
Los Angeles» Phoenix 


undersea technology 


Deep Submergence Project Calls For 
Five-Year Expenditure of $200 Million 


Navy program aimed at establishing advanced sea-based deterrent; 
only beginning of what may become bigger deep ocean program 


FIRST STEPS toward utilizing the 
deep ocean for an advanced sea-based 
deterrent have been taken with estab- 
lishment of the Deep Submergence Sys- 
tems Project (DSSP). 

The program, as revealed to an un- 
classified industry briefing on Nov. 24, 
calls for spending $200 million over the 
next five years, but this is only the open- 
ing wedge in what the Navy hopes will 
be full exploitation of the ocean depths. 
DSSP is merely the public view of what 
is considered to be a sizable deep ocean 
program. 

Dr. John P. Craven, chief scientist 
for the Navy’s Special Projects Office, 
which is responsible for DSSP, told 
MISSILES AND ROCKETs in an interview 
last September that it would be “a long, 
long time” before the Navy would find 
it necessary to utilize all the conceal- 
ment afforded by the ocean. At the same 
time, he noted that exploitation of tech- 
nology should reduce substantially the 
extremely high costs and limited use- 
fulness of present “balloons of the sea”. 

In particular, he felt that if materials 
and structures problems can be solved 
so that applications flow freely, costs of 
deep-ocean systems can be reduced to 
a point at which military applications 
become attractive. The immediate prob- 
lem then is to get applications flowing 
freely and this is the problem at which 
DSSP is aimed. 

Another factor contributing to the 
relatively leisurely cost-effective ap- 
proach to the deep-ocean problem is the 
fact that Navy analyses now show that 
the Polaris weapons system will be effec- 
tive into the 1980's. This is a long life- 
time, as operational effectiveness of 
modern weapons is measured, which les- 
sens the need for rapid-fire development 
of a new sea-based deterrent. 

Two major inputs to evolution of the 
deep submergence program were the 
report of the Deep Submergence Sys- 
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tems Review Group (DSSRG) and the 
Project Seabed study of the Advanced 
Sea-based Deterrent. 

The former panel was headed by 
Rear Adm. E. C. Stephan, (USN, Ret.). 
It was instructed “to review Navy plans 
for development and procurement of 
components and systems related to loca- 
tion, identification, rescue from and re- 
covery of deeply submerged large ob- 
jects from the ocean floor,” as well as 
to recommend changes to these plans, 
to develop a five-year program for im- 
plementation of its recommendations 
and to recommend organizational means 
and responsibilities for implementation. 
The impetus for this panel was the 
Thresher disaster in which the nuclear 
attack submarine went down in 8,400 ft. 
of water with the loss of 129 men. 

Impact of the second input—the 
Seabed study—is harder to evaluate, 
since results are still highly classified. 
However, of the four panels established 
during the study, one concerned itself 
wholly with deep-ocean technology. The 
other three panels covered weapons, 
systems and over-view and review. 

@ Program purposely focused—As 
outlined at the industry briefing, the 
deep submergence program is addressed 
to specific requirements of the Chief of 
Naval Operations as represented in 
four Specific Operational Requirements 
(SOR) and two Advanced Development 
Objectives (ADO). These, in turn, are 
drawn from recommendations of the 
Stephan committee. The CNO program 
calls for development of: 

—Submarine location, escape and 
rescue system—including ability to lo- 
cate both cooperative and uncoopera- 
tive targets, escape from 600 ft. and 
rescue to submarine-collapse depths. 
This is to be achieved primarily by de- 
velopment of a small (12-14-man) sub- 
mersible rescue vehicle that can be 
transported to the scene of a disaster by, 
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and operated from, a specially modi- 
fied nuclear submarine. In addition, the 
vehicle will be operable from surface 
rescue ships. 

The Stephan committee recommen- 
dation was that six of these vehicles 
should be built. Three are specified in 
the CNO program. However, this was 
based on a 12-hour response time, while 
the CNO-SOR envisions a 24-hour re- 
sponse as acceptable. Funding for this 
phase of DSSP is expected to be $42 
million—$13 million less than the DS- 
SRG recommendation. This reduction | 
is reflected by the smaller number of 
rescue craft to be built. 

—Large object salvage system— 
with the ability to provide salvage of 
1,000-ton hulls from 600 ft. (continen- 
tal shelf depth). An ADO calls for a | 
longer-range effort for salvage of 1,000- 
ton hulls down to submarine-collapse 
depths. Feasibility of this effort still 
must be determined. 

DSSRG had recommended devel- 
opment of not only the 600-ft. and 
collapse-depth capabilities but also the 
capability to salvage 2,000-10,000 tons 
from 20,000 ft. The latter recommenda- 
tion was rejected. Largely due to these 
reduced requirements, funding for the 
DSSP program was reduced $114.5 
million from the Stephan committee 
rccommendations—leaving $21 million 
to be spent on the 600-ft. capability and 
$11.5 million for exploration of the 
collapse-depth problem. 

—Deep ocean search, investigation 
and small object recovery system— 
capable of search and light work down 
to 20,000 ft. A manned submersible 
vchicle will be developed for this pur- 
pose in two phases: first, a test vehicle 
able to recover objects weighting less 
than 10 tons and to dive to 6,000 ft. 
will be built; then, four vehicles with 
the same recovery ability but able to 
work at 20,000-ft. depths. These are 
to be operational by Fiscal Year 1970. 
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These requirements are in concert with 
the DSSRG recommendations and the 
funding for this phase of the program 
is $93 million—an increase of $32 
million over the DSSRG program. This 
increase, according to the Navy, is 
just an increase in accounting.” 

—Man-in-the-sea, continental shelf 
—an extension of the capability of free- 
divers to perform useful work down to 
600-ft. depths. At present, men can 
work for 30 minutes at depths of 380 
ft., with four hours required to surface 
them after this time. To achieve the 
600-ft. depth, a new diving technique 
must be developed. “Recent tests,” says 
the Navy, “indicate that both in terms 
of increased depth and bottom time .. . 
man can remain days or even weeks 
under the sea exposed continuously to 
ambient pressure without apparent ill 
effects, if provided the proper support 
equipment.” 

As an ADO, the Navy intends to 
investigate the greatest depth possible 
for a diver to do effective work within 
physiological limits. Ancillary equip- 


SUMMARY OF DSSP FUNDING REQUIREMENTS 


ment, such as the undersea shelter, 
submersible decompression chamber 
and tools, will also require development 
in addition to the life-support equip- 
ment and divert techniques. DSSRG had 
recommended a $34-million program, 
while the CNO requirements call for 
expenditure of $10 million. 

Total spending for the five years 
is expected to be more than $200 mil- 
lion, although the official estimate which 
must be refined further (see table) 
places the five-year program at $181 
million. A revised program change out- 
lining the funding is to be submitted to 
the Dept. of Defense this week. Tech- 
nical development plans to meet the 
SOR’s and ADO’s have been prepared 
and submitted to the Chief of Naval 
Material. 

@ Critical factor: materials—Limit- 
ing factor in the Deep Submergence 
program will be materials, particularly 
materials with the required strength-to- 
weight ratio. The fact that these deep 
submersibles will do useful work at 
great depths and have relatively great 
maneuverability 
means that the 
heavy bathyscaphs 
are unsuited for 
the Navy program. 


Funded by fiscal yrs—Thausands 
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cost of the material, estimated at 5% 
times that of steel. If the vehicle is 
strictly noncombatant, the range of 
choice widens to include fiber-rein- 
forced plastics with yield strengths of 
200,000 psi and massive glass with a 
yield strength of 300,000 psi. 

Three classes of deep-submersible 
vehicles are under consideration. They 
are differentiated by the amount of time 
that they will be able to work in the 
deep ocean. The first has an endurance 
of about 10 hours and is primarily for 
the submarine rescue mission. Buoy- 
ancy material would be syntactic foam, 
and the pressure vessel would be spher- 
ical. Silver-zinc batteries are thaught 
to be suitable for this type of submer- 
sible. 

In the second category is the 100- 
hour deep-diving vehicle, which would 
have a crew of four to six men. This 
would have a cylindrical pressure vessel 
capped by hemispherical ends. Its dis- 
placement would be approximately 
double that of the submarine rescue 
vehicle. 

Finally, a submersible with 1,000- 
hr. endurance is to be built. This will 
have true mobility in the deep ocean 
and could serve as a test bed for com- 
batant vehicles. The Long-Endurance 
Experimental Research Submarine 
(LEERS) shown on this page is how 
the Navy conceives this vehicle now. 
It would have an advanced nuclear 
powerplant requiring little or no main- 
tenance and delivering 2,000-3,000 hp. 
Weight of the powerplant that the 
Navy is seeking is roughly 250 Ibs/hp. 
Thickness of the pressure vessel is 
“about the same as a combatant subma- 
rine,” Navy officials say, and its con- 
struction should utilize the sandwich 
structures familiar to the aerospace in- 
dustry. 

In addition to materials problems, 
the Navy lists a myriad of problems 
inherent to any new field of technology. 
Chief among these are bouyancy mate- 
rials, lightweight powerplants, mating 
techniques for two submersibles, and 
manipulators. Propulsion systems also 
are a major concern. 

@ Time schedule—No substantial 
contract awards are expected in the 
DSSP until after July 1, 1965. This is 
primarily due to lack of funds; the first 
major increment of the program is in 
the FY °’66 budget. Assuming that 
DDR&E gives the Navy a waiver on 
program definition, requests for pro- 
posals for parts of the program are ex- 
pected to be sent to industry beginning 
in the spring. 

If program definition is required, 
this schedule may be set back eight 
month. Most of the program, and par- 
ticularly the SOR’s are geared to pro- 
viding the Navy a rescue and initial 
deep-sea operating ability by 1970. 
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Weapons systems 


Martin-Orlando Begins Operation Of 
Unique Armament Research Facility 


Company-funded center will be used for wide range of conventional 
warhead tests, explosive hardware research; primary goal is better 
other firms entering once strictly government field 


non-nuclear weapons; 


ORLANDO, FLA.—A new _ in-house 
armament research facility, complete 
from explosive loading to fragment- 
distribution instrumentation, has gone 
into operation here at the Martin Com- 
pany’s Orlando Div. Unique among in- 
dustry R&D facilities of this type, the 
half-million dollar-plus armament cen- 
ter was built and equipped entirely with 
company money. 

A number of programs are currently 
under way, some under Air Force and 
Army contract, and others company 
funded. Collectively, they cover a broad 
area of warhead research, including 


studies of hypervelocity fragment im- 
pact and projection phenomena, frag- 


ment dissemination, terminal effects 
and laser interaction. Work includes 
extensive experimentation in shaped 
charges as well as general blast effects 
and energy coupling. 

The nuclear test ban is indirectly 
responsible for the Martin-Orlando in- 
terest and investment in armament re- 
search. The ban and the growing em- 
phasis on limited warfare make it 
mandatory, company management feels, 
to better understand explosive, fragment 
and target phenomena which lead to 
new and better non-nuclear missile war- 
heads (M/R, 9/28/64). 

Traditionally, warhead research and 
development has been performed in 


government arsenals and laboratories. 


But industry is now beginning to as- | 


sume a significant supporting role in 
warhead R&D. Martin is not alone in 


its decision to build and equip such | 


facilities; several other aerospace com- 
panies also have initiated strong pro- 


grams involving the various phases of | 


the conventional munitions business. 
According to Charles Borcher, man- 
ager of Martin-Orlando’s engineering 
mechanics research 
which the armament center is part— 


laboratory—of {| 


warhead effectiveness can mean the 


difference between complete success 
and total failure of any weapon system. 
He contends that an optimized missile 


with greatly improved lethality can best 
be achieved by building a warhead spe- 
cifically to fit the mission and then pro- 
vide a compatible guidance and deliv- 
ery system to take it to the target. Since 
the warhead is the missile payload and 
the reason for its existence, it is the 
most important part of the system. 

’ Warhead R&D at Martin-Orlando 
covers the spectrum from target defi- 
nition studies to explosive-fragment 
target-interaction research. It proceeds 
from theoretical studies through actual 
design and preparation of the explosive, 
the fragments, and the packaging con- 
figuration for desired distribution pat- 
terns and fragment velocity. Theory 
and design are checked in actual firings 
and the results measured and evaluated 
against the “paper” projectiles. 

® Design by machine—Target defi- 
nition, said Borcher, involves a com- 
plete understanding of the target: its 
physical definition, mission, critical 
components, location, structure. This 
definition can then be used as the basis 
to determine proper kill criteria. 

Martin studies have shown that 
targets can be defined and physically 
described on punched cards so that 
target vulnerability versus kill mechan- 
ism computations can be machine- 
processed. According to Borcher, all 
targets—vehicles, buildings, missile- 
launching sites, ships, aircraft, tanks, 
re-entry vehicles, satellites, or whatever 
—can be so cataloged, if their charac- 
teristics are known, and a standardized 
procedure established to match a target 
with an optimum warhead. 

® Research program—Specific re- 
search program areas at Martin include 
the various concepts involved in the 
effectiveness of anti-personnel, anti- 
tank, anti-aircraft, anti-missile, and 
chemical munitions and laser effects 
on materials. 


LEFT, P. 32: Aerial view of Martin arma- 
ment research center. Large test cell (upper 
left) is used for warhead fragmentation 
studies. RIGHT, P. 32: Explosive device 
(arrow) is set up for test in instrumented 
cell. Instrumentation includes (center, 
from top) light box, padded witness plates 
for nieasuring depth of penetration, and 
radiographic setup for employing 8-ft. film 
strip and six X-ray flash lamps. RIGHT: 
Results of munitions discharge are evident 
on metal witness plates. Impacts are cata- 
loged as to number of hits and locations. 
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The goal of most of the explosive 


ordnance research currently being per- 
formed here is to greatly increase im- 
pact effects at the target. Toward this 
end, a wide variety of munition con- 
cepts have already been demonstrated 
as feasible in company-funded research 
and several patent disclosures filed. 

Efforts to date have shown conclu- 
sively that the percentage of parasitic 
weight in a warhead may be reduced by 
increasing fragment weight and decreas- 
ing explosive percentage without de- 
grading performance. Details of the 
techniques are classified, but warheads 
have been successfully tested to prove 
that the fragment energy per pound 
of explosive can be double that obtain- 
able from more conventional tech- 
niques. The ability to control fragment 
pattern, velocity, and direction has 
been demonstrated in limited experi- 
ments. 

Several dissemination techniques for 
controlling pattern and velocity have 
been investigated. These are believed 
by the researchers to offer several major 
advantages including high-density pack- 
aging, increased fragment mass, im- 
proved explosive and fragment energy 
coupling, and increased impact momen- 
tum. 

Martin has done considerable work 
in the derivation of analytical tech- 
niques and computer programming for 
predicting warhead design parameters 
and performance characteristics. This 
work, all classified, includes warhead 
design considerations, procedures, and 
formulas for computing warhead out- 
put mechanisms; computational tech- 
niques for determining effectiveness 
against various targets; and an assembly 
of data on existing types of warheads. 
It includes, in addition, an analytical 
procedure for defining fragment impact 
patterns as a function of warhead de- 


sign parameters and the geometry of 
attack. 

@ Laser studies—Weapon studies at 
Martin-Orlando also include theoretical, 
analytical, and experimental work on 
the effects of laser beams interacting 
with matter. This company-financed ef- 
fort includes investigations into the 
various effects present in high-intensity 
laser interaction: heat, shock, reradia- 
tion, and photoelectric, chemical and 
nuclear effects. 

High-powered (over 100 joules) 
ruby lasers, both Q-switched and non- 
Q-switched, are used in experiments 
with metallic and non-metallic mate- 
rials. Instrumentation is being devel- 
oped as part of this program to meas- 
ure electromagnetic radiation intensity, 
spatial distribution, and temperatures 
and stress generated in materials during 
laser irradiation. 

@ Test facility—The armament test 
facility is located on a 10-acre site 
about two miles from the main Martin 
plant. An elaborate system of control 
points and gates assures tight security 
as well as safety. Visitors to the area 
must have previous clearance and fol- 
low a prescribed route and schedule 
within the complex. During firings, and 
even during thunderstorms, all person- 
nel movements are controlled by the 
main Control Center. 

The test complex comprises a chem- 
ical test laboratory, initiator research 
building, explosives-loading research 
building, three special test cells for test- 
ing explosive devices, storage maga- 
zines, range instrumentation and control 
center. (It also includes a man-made 
pond presided over by a three-foot alli- 
gator mascot named “Charlie.” Appar- 
ently oblivious to the nearby detona- 
tions, Charlie enjoys a monastic life 
interrupted now and then by range per- 
sonnel who bring him hotdogs.) 
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MARTIN ORDNANCE technicians assemble a typical experi- 
mental explosive fragmentation device employed for pattern and 


depth-of-penetration studies. 


Advanced explosive initiators, both 
exploding bridgewire and conventional 
devices, are built and tested in the 
initiator research building. It consists 
of six explosion-proofed bays for proc- 
essing basic explosives, and pressing, 
loading, welding and testing initiators. 

The different warheads and experi- 
mental explosive devices are fabricated 
and prepared in a separate explosives 
research building. Outer bays of the 
three-bay building contain the mixing, 
melting and casting equipment, all of 
which is remotely controlled from the 
center bay. All equipment operations 
are monitored by closed-circuit tele- 
vision in the center bay of the control 
room. 

The three test cells are used for the 
testing of explosive and inert devices. 

One is a general-purpose test cell 
used for the evaluation of small non- 
fragmenting explosive and inert devices. 
It contains high-velocity gas guns and 
shock-wave diagnostic tools. 

The second cell is used for experi- 
ments of end-projecting explosive de- 
vices and the study of the interaction of 
hyper-veloci'y projectiles with various 
materials. These experiments are per- 
formed in a chamber that can be evacu- 
ated to study projectile flight and termi- 
nal effects in a high altitude (200.000 
ft.) environment. 
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A circular revetment 20 ft. high 
surrounds the third, and largest, test 
cell, which is used for the study of frag- 
menting warhead models. The inside 
diameter of this arena is 80 ft. and 
witness plates to record fragment im- 
pacts can be arranged in a full circle 
around the device under test. 

Data acquisition for fragmenting 
warhead models is done primarily with 
high-speed framing cameras, which 
record impacts on target plates, and by 
depth-of-penetration measurements. 

A major range instrument is 
the trailer-installed Beckman-Whitley 
Model 192 Framing Camera. One of 
two in existence owned by non-govern- 
ment organizations, the $100,000 cam- 
era achieves an exposure rate of 1,400,- 
000 frames per second. Up to 80 35-mm 
frames are exposed for each event. To 
obtain such exposure speed, the film 
strip is transported on a 6,000-rps tur- 
bine within a circumferential prism ring 
which reflects the event images from 
the principal camera optics around the 
turbine. 

The camera van is located outside 
the arena, viewing the mirror-reflected 
event through a 2-ft.-dia. tube. Within 
the test cell arena, the munition or test 
device is illuminated by argon flash 
bombs. To prevent double film expo- 
sure, the final reflector into the light 


LUCITE MATERIAL sample shows internal fractures caused 
by 100-joule, over-l-megawatt, pulsed laser beam fired into the 
end of the rod. Laser-effects studies are company-funded. 
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tube to the camera is destroyed by a 
separate detonator at a precisely pre- 
set time. | 

Film data can be reduced by the | 
use of an optical scanner which enters | 
the data on IBM computer cards. The | 
cards can be fed into a computer, which 
automatically computes velocity and 
pattern distributions or any similar 
analysis as required. Automatic plotting 
equipment can produce the data in 
graphical form directly from the com- 
puter output. 

All test cells contain general and 
coaxial instrumentation lines, power 
and firing circuits, and flash radiograph 
and framing camera equipment. The 
range instrumentation and _ control 
building houses the triggering system 
for the test cells and provides access 
control for the entire range area. In- 
strumentation includes basic recording | 
and measurement devices as well as 
timing equipment for the Fastax fram- 
ing cameras, six-channel 150-kv Fexi- 
tron flash radiographs, and the Beck- 
man-Whitley framing camera. 

Additional backup and supporting 
equipment, located in the main plant 
research laboratory or other remote 
area, includes rocket-engine exhaust fa- 
cilities for high-temperature material 
evaluation, environmental test equip- }} 
ment and other storage magazines. 
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planetary mapping 


JPL Using Two Radar Techniques 
To Prepare Map of Surface of Venus 


PASADENA, CALIF.—The Jet Pro- 
pulsion Laboratory is currently pro- 
ducing a map of the surface of Venus. 

Two surface features are clearly 
evident in radar returns from _ the 
planet. Data reduction now in progress 
will determine the size and shape of 
these and other features. 

Radar mapping of Venus was car- 
ried out during the June conjunction 
from the Venus site of the Goldstone 
Deep Space Instrumentation Facility 
(DSIF). The experiment continued un- 
til the end of July. 

@ Two methods—Dr. Richard 
Goldstein of JPL says two radar tech- 
niques have been combined to probe 
Venus surface details. 

The first involves transmission of a 
pure sine wave and spectrum analysis 
of the returned signal. The sine wave 
is smeared in frequency by Doppler 
shifts caused by the planet’s rotation. 
Spectrum analysis maps contours of 
constant velocity relative to Earth. 

Second technique is use of pseudo- 
random coding of the transmitted sig- 
nal with accurate range gating at the 
receiver, to compare the radar re- 
turns at successive range steps of 11.5 
miles, or any multiple of this step. 
This map contours at a constant dis- 
tance from Earth. Nine range gates are 
used simultaneously. 

A combination of the two techni- 
ques gives nine sets of spectra in which 
the effects of surface features can be 
clearly seen. A computer routine is 
currently combining the two sets of 
Measurements into a map. 

The features move at the rotation 
speed of the planet. Goldstein said that 
the period of rotation of Venus is now 
measured at a fraction less than the 
250 days estimated in the past. 

@ Some roughness—The chief radar 
return from Venus indicates the planet 
to be a smooth reflecting ball. How- 
ever, if the main reflection is sup- 
pressed by reversing the circular po- 
larization of the receiving system, the 
rays that have been reflected twice from 
the planet’s surface become discerni- 
ble. Although 18 times weaker than 
the main return, this double reflected 
signal indicates surface features on 
Venus that look rough to the radar 
waves. That is, they have a roughness 
of the order of 12.5 cm. 
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by Rex Pay 


An 85-ft. steerable parabolic dish 
and a 100-kilowatt transmitter were used 
for the mapping experiment. Average 
return signal from Venus amounted to 
10°? watts, or about 60 photons per 
second. Noise temperature of the re- 
ceiving system is about 30°K. 

At the measuring wavelength, 12.5 
cm., Venus and the Moon have com- 
parable roughness. Measurements made 
on other planets show that Mercury is 
rougher than Venus, and Mars is 
smoother. Jupiter is smoother still, but 
reflects radar signals from only one re- 
gion. 

® Mapping technique—The map of 
Venus being produced has coordinates 
along the contours of constant range 
(from Earth) and constant frequency 
shift. Dividing up the received signal 
into different ranges gives contours that 
on a smooth ball would be concentric 
Tings centered on the point closest to 
Earth. Dividing the return according 
to received frequency gives a series of 
strips parallel to the planet’s axis of 
rotation. 

Mapping by combining these meas- 
urements is ambiguous, because there 
usually are two points on the planet’s 


surface with the same line-of-sight 
velocity and range. To resolve this, the 
planet is mapped for two different in- 
clinations of the planet’s axis to the 
line of sight. 

Resolution of this mapping tech- 
nique is limited in practice by the sig- 
nal-to-noise ratio. Time-of-flight meas- 
urements with 11.5-mi.-range gates 
have yielded a precision of 0.00003 
seconds in an elapsed time of about 
300 seconds. 

A liquid-helium-cooled _ traveling- 
wave maser with a noise temperature 
of 10°K is used for detection of the 
signals returning from Venus. Con- 
tinuous tuning of the receiver’s local 
oscillator is needed to keep the radar 
return within the receiver’s pass band, 
because of Doppler shifts due to orbital 
motions. This is carried out by com- 
mands from ephemeris tape. 

The signal leaving the receiver is 
processed by a Packard Bell 250 com- 
puter and nine-channel correlation 
equipment, to give the signal strength 
and spectrum in each of nine adjacent 
range gates. The computer can type out 
the results or present graphs of signal 
power versus frequency. More com- 
plex data reduction is carried out at 
the main JPL computer facility. a 


STL Awarded $6.1 Million for ASW Work 


A $6.1-million contract has been 
awarded to TRW Space Technology 
Laboratories for services “necessary 
to perform systems analysis, integra- 
tion engineering, test support, techni- 
cal support and engineering evalua- 
tion” of Navy anti-submarine pro- 
grams and equipment. The pact cov- 
ers 12 months. 

Responsible to Rear Adm. C. A. 
Karaberis, manager of the ASW Sys- 
tems Project under the Chief of Na- 
val Material, STL expects to have 
200 scientists and engineers assigned 
to the program in Washington, D.C., 
and Los Angeles. STL will have no 
line responsibilities but will act as a 
technical adviser to Karaberis. 

“This contract,” Dr. Ruben F. 
Mettler, STL President, said, “is a 


challenge to TRW Space Technology 
Laboratories. It gives us the oppor- 
tunity to apply the knowledge we 
gained through our work on many of 
the nation’s ballistic missile and 
spacecraft programs to helping the 
Navy solve a critical defense prob- 
lem.” 

A clause in the contract precludes 
TRW from supplying specific ASW 
hardware in areas in which compre- 
hensive tasks in systems analysis and 
systems engineering have been as- 
signed. This clause is “in accordance 
with DOD policy covering conflict- 
of-interest,” the contract announce- 
ment said. There are no restrictions 
on TRW’s bidding on other ASW 
hardware where “such comprehen- 
sive tasks” have not been assigned. 
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Brown & Root 
is tough on... 
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Brown & Root! When a Brown & Root job is completed it will 
pass anyone’s white glove inspection. After 50 years in the business 
we have long since found it’s best to do things right the first time. 
This way you save time, money and . . . reputation. A Brown & Root 
takes full responsibility for its jobs. We rarely sub-let portions of a 
project. This cuts off the time-honored practice of passing the buck in 
case of failures, but we prefer it that way. 4 We always strive to be 
“ahead of schedule and below the estimate.” This is why we have so 
much repeat business. We will be happy to discuss your project, with 
no obligation, of course. 
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The Industry Week 


Mergers and Acquisitions 


Grumman Aircaft Engineering Corp., Beth- 
page, N.Y., has purchased Agawam Aircraft 
Products, Inc., of Sag Harbor, N.Y. Grumman 
purchased the aircraft and missile precision parts 
manufacturing firm for an undisclosed amount of 
money. Included in the acquisition was all land, 
buildings, machinery and equipment, existing in- 
ventory, and all work in process. .. . C-E-I-R, Inc., 
Arlington, Va., has announced plans to purchase 
the Radio Corp. of America Data Processing Cen- 
ter in Washington, D.C. C-E-I-R will take over 
operation of the center Jan. 1.... Alcar Instru- 
ments, Inc., of Trenton, N.J., has acquired Gen- 
eral Instruments Corp.’s Ultrasonics Div. in 
Woodbury, Conn. The Ultrasonics Div. manufac- 
tures industrial cleaning equipment, which is in- 
tended to complement Alcar’s line of hospital and 
specialty ultrasonic equipment. 


New Facilities 


Technology Incorporated, Dayton, Ohio, has 
begun a $550,000 expansion program to include 
a new 30,000-sq.-ft. building near Wright-Patter- 
son AFB, Ohio. The Wright-Patterson facility 
will house administrative, engineering and re- 
search departments and will feature complete 
environmental control. Technology Incorporated 
performs work in the fields of systems engineer- 
ing, meteorological and flight vehicle research, 
bioengineering, bioastronautics and data process- 
ing and analysis. ... General Astronautics Re- 
search Corp., Washington, D.C., has announced 
plans to transfer its operations early in 1965 
from Washington to Huntsville, Ala. The firm 
specializes in research studies, scientific and tech- 
nical analyses, state-of-the-art surveys, informa- 
tional programs, data searches, art and graphic 
engineering, educational services, publishing and 
product development. Following the move to 
Huntsville, the company expects to expand its 
research, study and related programs to develop 
a series of astronomical products. ... Honeywell, 
Inc., has bought from the Clevite Corp. a 162,500- 
sq.-ft. facility in Waltham, Mass. The firm’s Elec- 
tronic Data Processing Div. will use the facility 
to consolidate its engineering, research and de- 
velopment groups into one location. The divi- 
sion’s manufacturing facilities have been more 
than doubled during the past year, and now oc- 
cupy more than 530,000 sq. ft. in Lowell, Brigh- 
ton and Lawrence, Mass. .. . Stevens Products, 
Inc., East Orange, N.J., manufacturer of glass- 
laminated electrical insulation components sold to 
electronics manufacturers throughout the US., 
is moving early next year to a new 11,500-sq.-ft. 
plant, also in East Orange. ... North American 


-Aviation has broken ground on a 43,200-sq.-ft. 
building to house its Los Angeles Div. Aerospace 
Laboratory. The new lab will provide areas for 


work in chemistry, experimental sciences, metal- 
lurgy, organic materials, ceramics, fabrication 
feasibility research, special joining, creep testing 
and metal properties. .. . Parker-Hannifin Corp. 
of Cleveland is constructing a new remote site 
near Newhall, Calif., for testing hazardous fluid 
systems. The firm’s aerospace products group in 
Los Angeles will operate the facility. Parker- 
Hannifin manufactures fluid-handling and fluid 
control devices for missile/space, industrial and 
consumer applications. 


Missile/Space Activities 


Monitor Electronic Co. has been formed in 
Orange, Calif., to engage in the field of telemetry 
transmitters. The company will design and fabri- 
cate a complete line of solid-state telemetry trans- 
mitters, with emphasis on the S and L bands at a 
power output of 2 to 5 watts and greater. Pro- 
grams include sub-miniaturization of S-band 
transmitters and development of a line of econ- 
omy solid-state transmitters. ... Watkins-John- 
son Co., Palo Alto, Calif., on Jan. 1 will dissolve 
its Stewart Engineering Co. subsidiary in Santa 
Cruz as a corporate entity and reconstitute it as a 
division. As the Stewart Div. of Watkins-Johnson 
Co, the organization will continue to produce the 
line of backward-wave oscillators, controlled at- 
mosphere furnaces and electronic equipment long 
identified with the Stewart name. No major 
changes in the organizational structure of Stew- 
art are anticipated.... North American Aviation 
has announced major changes and appointments 
in marketing and systems activities. Former as- 
sistant systems manager in the Minuteman Div. 
E. H. Manuel has been promoted to vice president- 
systems manager, succeeding E. N. Ljunggren, 
who has been transferred to the Los Angeles Div. 
as executive-vice president. Such internal Auto- 
netics functions as central sales, customer and 
public relations, graphic arts, information con- 
trol, the PRIDE employee incentive program, 
industrial security and regional office activities, 
all have been incorporated into a new division, 
Marketing and Public Relations, headed by E. 
O. Ethell, vice president. The Systems Div. has 
been reorganized to provide a program-oriented 
structure, tailored especially to requirements of 
PDP and pre-PDP contract studies leading to 
néw defense systems. 


International 


Air Products and Chemicals, Inc., Allentown, 
Pa., is forming a wholly owned subsidiary, Air 
Products, G.m.b.H., to be headquartered in Dus- 
seldorf, West Germany. The new industrial gases 
and related gas-using equipment firm will distrib- 
ute, sell and provide associated application serv- 
ices. It will also sell cryogenic process plants 
designed and manufactured by Air Products. 
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—contracts and procurements 


AWARDS 


AIR FORCE 


$455,466—McDonnell Aircraft Corp., two con- 
tracts for work on the ASSET program. 


$201,600—Western Electric Co., Inc., New York 
City, for missile-borne guidance equipment. 


$200,000—Electro-Optical Systems, Inc., Pasadena, 
Calif., for ion thruster systems for orbital 
flight. 


$181,065—Kollsman Instrument Corp., Elmhurst, 
N.Y., for investigation of space position fix- 
ing techniques. 


$95,786—Sylvania Electric Products, Williamsville, 
N.Y., for a 12-month study of an electronic- 
ally steerable array for space vehicle appli- 
cations. 


$77,949—Honeywell, Inc., Minneapolis, Minn., for 
a study of aerospace photographic reconnais- 
sance, 


$71,000—Ling-Temco-Vought, Inc., LTV Astro- 
nautics Div., Dallas, for MOL extra-vehicular 
activity experimentation. 


$63,761—Radio Corp. of America, Aerospace 
Systems Div., Burlington, Mass., for additional 
work on a classified study. 


$61,863—Radio Corp., of America, Aerospace 
Systems Div., Burlington, Mass., for a variable 
point guidance equation study. 


$59,000—Thiokol Chemical Corp., Wasatch Div., 
Brigham City, Utah, for labor, equipment, ma- 
terials and supplies to conduct aging and 
surveillance testing of first-stage LGM-30A 
missile motors. 


$45,000—Boeing Co., Aerospace Div., Seattle, for 
X-20A cryogenic supply tankage and servicing 
equipment. 


$35,285—Radar Design Corp., Syracuse, N.Y., for 
investigation and study for field intensity probe 
instrumentation. 


$34,982—Radio Corp. of America, Missile & Sur- 
face Radar Div., Moorestown, N.J., for work 
on traverse antenna feeds. 


ARMY 


$8,079,003—Malan Construction Co. of Koppers 
Co., Miss., for construction of S-I] test com- 
plex at NASA’s Mississippi Test Facility. 


$2,376,604—Sperry-Rand Corp., Salt Lake City, 
Utah, for Sergeant missile body sections. 


$562,102—Raytheon Co., Andover, Mass., for 
high-power illuminator radars for the Hawk 
missile system. 


$266,912—Rentenbach Engineering Co., Knoxville, 
Tenn., for construction of a rocket propulsion 
Tesearch laboratory at Arnold Engineering 
Development Center, Tenn. 


$200,000—Rohm and Haas Co., Redstone Arsenal 
Research Div., Ala., for a program of motor 
evaluation of advanced propellants at Red- 
stone Arsenal, Ala. 


$197,698—Brown Engineering Co., Huntsville, 
Ala., for engineering support services in the 
areas of PERT, graphic arts, and re-entry data 
analysis for Nike-X systems. 


$158,184—B. B. McCormick & Sons, Inc., Jack- 
sonville, Fla., for construction of missile in- 
strumentation stations and other facilities at 
the Eastern Test Range, Patrick AFB, Fla. 


$74,000—Aerosystems International, Inc., Fair- 
field, N.J., for a 12-month research program 
for development of a self-pumping rocket (air 
cycle). 


56,688—Raytheon Co., Andover, Mass., for mis- 
sile system ground support equipment. 
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NAVY 


$3,515,988—General Dynamics Corp., Pomona, 
Calif., for continued work on Terrier and 
Tartar ait defense missiles. 


$2,993,662—North American Aviation, Inc., Ana- 
heim, Calif., for repair work on Polaris sub- 
marine navigation equipment. 


$1,098,800—Westinghouse Electric Corp., Balti- 
more, for continued R&D on Mark 48 tor- 
pedoes. 


$185,500—Rocket Power, Inc., Mesa, Ariz., for 
rocket motors. 


$175,000—Fairchild Camera & Instrument Corp., 
Du Mont Laboratories, Clifton, N.J., for con- 
tinuation of development work on an electro- 
static variable image magnifier tube. 


$103,647—Radio Corp. of America, Missile & 
Surface Radar Div., Moorestown, N.J., for 
further work on AN/FPQ-6 and AN/TPQ-18 
radars. 


$79,597—-General Dynamics Corp., Pomona, Calif., 
for Terrier missile equipment repair parts. 


NASA 


$19,055,953—George A. Fuller Co., Los Angeles, 
for construction of a lunar launch pad, to be 
known as Pad B of Launch Complex 39 at 
Merritt Island, Fla. 


$2,000,000—Motorola, Inc., Military Electronics 
Div., Scottsdale, Ariz., for construction of a 
test model for a system to measure position 
and velocity of spacecraft and launch vehicles 
for Marshall Space Flight Center. 


$1,000,000—Computer Applications, Inc., Silver 
Spring, Md., for computing services for God- 
dard Space Flight Center. 


$1,000,000—Walter Kidde & Co., Inc., Belleville, 
N.J., for six reaction control systems for 
the Applications Technology Satellite program. 


$357,873—Greenhut Construction Co., Inc., Pen- 
sacola, Fla., for construction work on the 
Components Test Facility Building at Marshall 
Space Flight Center. 


$132,600—American-Standard Advanced Technol- 
ogy Laboratories, Mountain View, Calif., for 
a stellar-attitude measuring system. 


$118,545—McDonnell Aircraft Corp., St. 
for study of arc-jet propulsion devices. 


$77,000—United Technology Center, Sunnyvale, 
Calif., for heat radiation measurements of 
solid propellant rocket exhaust gases. 


$64,000—Beckman Instruments, Inc., Fullerton, 
Calif., for development of an optical system 
for measuring air density at high altitudes. 


Louis, 


$54,525—-Beckman Instruments, Inc., Scientific & 
Process Instrument Div., Fullerton, Calif., for 
study of detection of extraterrestrial micro- 
organisms by microcalorimetry. 


$39,918—Ball Brothers Research Corp., Boulder, 
Colo., for Sun sensor design study, two lab- 
oratory model Sun sensors and one set of 
breadboard electronics. 


$38,245—Space-General Corp., El Monte, Calif., 
for structural load and deflection test of an 
Aerobee 350 machined tank assembly. 


$31,872—Booz, Allen Applied Research, Inc., 
Bethesda, Md., for a portable data acquisition 
system. 


INDUSTRY 


$2,000,000—FMC Corp., San Jose, Calif., from The 
Boeing Co., Seattle, for assembly and test 
of a support, suspension and alignment system 
for the Air Force Minuteman II ICBM pro- 
gram. 


$300,000—Applied Technology, Inc., Palo Alto, 
Calif., from ITT Federal Laboratories, Nutley, 
N.J., for design and production of a series 
of advanced VHF and UHF receivers. 


ARMS CONTROL AND 
DISARMAMENT AGENCY 


$249,400—North American Aviation, Inc., Dow- 
ney, Calif., for a one-year study program of 
operational guidelines and advanced technology 
in the use of sensors and multi-sensor systems 
for arms control inspection. 


NATIONAL BUREAU OF 
STANDARDS 


Fairchild Hiller Corp., Space Systems Div., Rock- 
ville, Md., for development of an experimental 
tocket-borne ionosphere sounder (undisclosed 
amount). 


REQUESTS FOR BIDS 


GENERAL PROCUREMENTS 


National Aeronautics and Space Administration 
Goddard Space Flight Center 

Greenbelt, Maryland 

Attn.: Contracting Officer, Code 248 


Negotiations underway with Philco Corp., 
Western Development Laboratories, Palo Alto, 
Calif., for RFP for modification of the Mojave 
40-ft. antenna facility as an ATS ground station. 
RFP due 1/15/65. Those interested in subcontract- 
ing opportunities should contact the above firm. 


National Aeronautics and Space Administration 
Marshall Space Flight Center 
Huntsville, Alabama 


NASA issuing RFQ 1-5-80-00263 for a study 
and investigation of principles, methods and 
equipment for providing a transducer with a di- 
tect digital output, and to design, develop and 
fabricate three prototype pressure transducers with 
a direct digital output. Requests for RFQ pack- 
age should be addressed to Mr. J. McMurray, 
MSFC, 


Fort Monmouth Procurement Division 
U.S. Army Electronics Command 
Fort Monmouth, N.J, 07703 


RFQ’s to be issued around Dec. 21 for a study 
to determine the vulnerability of the improved 
Nike-Hercules missile system to electronic counter- 
measures. 


Office of Naval Research 
Washington, D.C. 


Negotiations are to be conducted with Dunlap 
and Associates, Inc., for further research on the 
critical manning problem of the Polaris fleet un- 
der Contract Nonr-4344(00)(X). RFP not avail- 
able; for information only. 


Contract Management Office 
Space Test Operations 
Los Angeles, California 90045 


RFP issued to Philco Corp., Western Devel- 
opment Laboratories, Palo Alto, Calif., for ad- 
vance planning and orbital support planning effort 
for satellite control programs. RFP’s not available; 
for information only. 


National Aeronautics and Space Administration 
Manned Spacecraft Center 
Houston, Texas 77058 


Negotiations will be conducted with Thompson 
Ramo Wooldridge, Inc., Space Technology Labor- 
atories, Houston, Tex., for one each image con- 
verter camera and accessories. RFP not available; 
for information only. 
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——produets and processes 
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New Product of the Week: 
Modular Solar Cell Array 


Gulton Industries, Inc., Engineered 
Magnetics Div., has available a modular 
solar array that weighs 1 lb. and meas- 
ures 8 x 8 in. 

The EMSA-101 has an output that 
can be used to run equipment directly 
or to charge 12-v batteries. Each in- 


dividual 4 x 4-in. panel has an output 
of 16v at 50 ma with open circuit volt- 
age of 22v and short circuit current of 
60.5 ma. With panels connected in 
parallel, output is approximately l6v 
at 200 ma with 22-v open circuit voltage 
and 245-ma short circuit current. 
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Isolators 


Series H44 and H64 isolators, spe- 
cifically designed to protect electronic 
equipment from high-amplitude, low- 
frequence vibrations, have been devel- 
oped by Barry Controls. 

Maximum resonant amplification is 
held to less than 1.5 with inputs as 
large as 0.1 in. double amplitude. Res- 
Onant frequencies are between 7 and 8 
cps. Performance is unaffected by am- 
bient temperatures from —67° to 300° 
F. The devices meet requirements of 
MIL-C-172, MIL-E-5400 and MIL- 
STD-810. 
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Telemeiry Calibrator 


A telemetry calibrator, combining 
a deviation monitor, signal generator 
and deviation calibrator, has been de- 
veloped by Advanced Measurement 
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Instruments, Inc. 

The Model 405 FM _ instrument 
features a carrier frequency range direct 
reading from 210 to 270 mc. Calibra- 
tion accuracy is +0.25%. The signal 
generator calibrates the monitor by use 
of the carrier vanishing method. Ac- 
curate audio frequencies required for 
full-scale carrier vanishing are supplied 
internally. Deviation accuracy exceeds 
1%. Any external frequency can be 
applied up to 1.5 me. 
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Vacuum System 


A general purpose metallurgical 
vacuum system, able to perform a vari- 
ety of vacuum and inert atmosphere 
melting, heat treating or joining opera- 
tions, has been developed by Vacuum 
Industries, Inc. 

The System VII is designed to be 
mounted on standard bell jar vacuum 
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evaporator consoles. It consists of a non- 
magnetic stainless steel, water-jacketed, | 
vacuum chamber, measuring 18 in. in 
diameter and 20 in. long. Operating 
at temperatures up to 3,000°C, the 
system can be used to vacuum heat treat 
or melt loads with working volumes 
up to 6 x 6 x 15 in. The unit operates | 
with any pumping systems with a 20-in.- 
dia. base and is pedestal mounted. 
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Portable X-ray Machine 


A portable double-focus X-ray ma- 
chine, rated at 400 kv constant poten- 
tial at 10 milliamps, is available from 
the Westinghouse Electric Co.’s X-ray 
Div. 

The “Baltomatic 400” can inspect 
a variety of metal products—from thin- 
walled aluminum castings to 4-in.-thick 
steel weldments. The unit has two focal | 
spot sizes—4 x 4 mm and 1.5 x 1.5 mm. 
These permit use of both total power 
output and fine focusing techniques. The | 
X-ray tube, generators and tube hous- 
ing are combined in a single unit head. | 
A kilovoltage meter and selectors, a | 
milliampere control and an automatic 
reset timer are mounted on a control 
panel. Power supply is 220v. 
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Electron Beam Gun 


A work-accelerated electron btam 
gun, designed to produce thin metallic 
and non-metallic films in high vacuum, 
is available from Materials Research 
Corp. 

The V4-200 is able to achieve tem- 
peratures in excess of 3,600°C for | 
controlled evaporating of such refrac- 
tory materials as tungsten, tantalum, 
carbon and metallic oxides. 

Under the work-acceleration prin- | 
ciple, a beam of electrons flows from 
an emitter to an anode. Upon striking 


the material to be deposited, the elec 
trons release their kinetic energy caus 
ing heating. Both pedestal and electron } 
beam filaments are replaceable and can 
be supplied in various materials. 

The device is available for use in 
12-in., 18-in. and larger belljar systems. 
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NEW FIFTH EDITION 


Fall-Winter 1964 / 
50% Revised 
Order Now 


This fifth edition of the WORLD SPACE DIRECTORY lists over 17,000 key industry 
personnel in approximately 4,250 U. S. and foreign missile/space and defense- 
oriented companies, organizations and government agencies. Over 50% of the 
listings have been revised and over 400 new companies added to reflect changes in 
the industry since the last issue was published in March, 1964. 


WORLD SPACE DIRECTORY will serve as your basic guide to locating companies 
and personnel; checking titles, addresses and telephone numbers; and gathering 
reference data for production planning in the multi-billion dollar missile/space 
and defense markets. 

Order your copy of the easy-to-use WORLD SPACE DIRECTORY today. 


Please ship.......- copies at $12.50 United States, Possessions & Canada; 
$73.50 All Other Countries. 


WORLD SPACE 


DIRECTORY NAME TITLE 
001 Vermont Ave., N.W., COMPANY ~~~ ~~~~~~~:«&@PRODUCTS/SERVICES 


ashington, D. C. 20005 
ADDRESS 


CITY STATE ZIP 


DC Motor 


Copaltronics, Inc., has available a 
miniature de motor, capable of pro- 
ducing torque up to 50 oz.-in. The unit 
measures 1.02 in. in diameter and 3.182 
in. in length and operates on voltages 
from 1 to 50v. Speed range is 50 to 
6,000 rpm. 
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Magnesium Fiber 


Aerospace Products Div. of Johns- 
Manville has developed a hydrous mag- 
nesium fiber for use in reinforced 
plastic parts subjected to conditions of 


y Parker 


METAL V-SEAL 


A RELIABLE WEIGHT REDUCING SEAL FOR EXTREME ENVIRONMENTS \ 


high temperature, ablation and erosion. 
The fiber, called TX, has an ultimate 
resistance of 5,070°F. 

The potential of a TX-reinforced 
plastic system is based on three charac- 
teristics of the fiber, the firm says. 
These are the ultimate temperature re- 
sistance, the endothermic reaction un- 
dergone during high heat exposure and 


the insulating qualities of the reinforced -” 


system. 

The fiber contains approximately 
28% of chemically combined water. 
Under heating conditions (635° to 
878°F), approximately 22% of this 
water is released. Thus, during hyper- 


Today's engineer must cope with such environments as 
temperatures ranging from —423°F. to plus 2000°F., from hard 
vacuum to high pressures, and exposure to extremely volatile and 
corrosive media or radiation. Parker's Metal V-Seal represents a 
significant achievement in the search for an effective, economical 
and weight reducing static face seal to meet these extreme , 
demands . .. Designed, engineered and made to Parker's high 
standards of quality and dependability. n° 


8 BASIC ADVANTAGES: 


= Zero" leakage even with the lightest gases 


° 


= High resistance to corrosive and volatile chemicals 
® Low flange loads to minimize system weights 
® High resiliency to compensate fog flange deflections 
® No special flange machining required (can be made to fit almost any © 
existing groove and some styles do not even need a groove!) 


= Reusable several times under most conditions 
= Wide variety of seal metals, platings, and coatings to meet 


specific requirements 


= Full range of standard sizes from ¥” to 15” 0.D. 
(Larger on special order) 


arker SEAL COMPANY 


Culyer City, Califarnia and Cleveland, Chia 
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thermal exposure, the fiber would func- 
tion partially as a transpiration cooling 
mechanism within the reinforced part, 
the firm points out. 

TX-laminated plastics systems on 
sheet reinforcement have flexual 
strengths of 15,000 to 18,000 psi and 
tensile strengths of 9,000 to 11,000 psi. 
Modulus of elasticity is approximately 
2.4 x 10° psi. 
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Bit Synchronizer 


A bit synchronizer and signal con- 
ditioner that locks the clock to within 
+5 degrees for the entire tracking 
range has been developed by the Ro- 
back Corp. 

The device operates on signal-to- 
noise ratios as high as -10 db and re- 
covers data to within 1 db of the the- 


oretical limit for any desired bit rate 
from 1 to 1,000,000 bps. A 

Front-panel controls can select bit 
rates to within 2% without a counter. 
Output polarity may be +6 to +12v; 
rise and fall times are less than 100 
nanosecs into 1,000 mf and 1,000 ohms. 
Optional features include a 10-cps to: 
500 kc six-pole active bessel filter. 
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Hermetically Sealed Igniter 


A hermetically sealed igniter for 
use in “quick-fire” applications has been 
developed by Aerospace Components 
Div. of Atlas Chemical Industries, Inc. 

The 1GN18 contains a_glass-to- 
metal seal at the squib end. The output 
end of the device is sealed by a beryl- 
lium copper disc. Bridge resistance at 
the ends of the leads is 1.3 + 0.1 ohm. 
The device will function in ambient 
temperatures of —65° to 160°F and | 
can withstand storage temperature of 
300°F for 0.5 hr. Firing characteris- 
tics for the igniter are: no fire (at 
160°F) 0.05 amp for 5 secs. maximum; | 
all fire (at — 65°F) 0.6 amp for 100% 
ms maximum. 
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new literature 


EDP GLOSSARY—Honeywell, Inc., 
has published a “Glossary of Data Pro- 
cessing and Communications Terms,” 
containing over 3,500 listings. The 85- 
page publication also includes lists of 
Honeywell character codes and stand- 
ard templates and binary extension and 
octal-decimal conversion tables. 
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COMPUTER APPLICATIONS—A 
booklet called “Applications of Com- 
puters to Engineering Problems” has 
been published by Pastoriza Electronics, 
Inc. The 20-page booklet is composed 
of five lectures presenting the anatomy 
of a computer system and how system 
elements and variables are modeled by 
equations and computers. The publi- 
cation permits the engineer to program 
such a system for analog and digital 
analysis and includes notations 


by | 


which system structures can be com- | 


municated to computers. 
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TRANSDUCER SYSTEM DESIGN— 
A paper summarizing the basic design 
information of a transducer system is 
available from Statham Instruments, 
Inc. The “Notes 37” reviews electrical 
aspects of the transducer signal, but 
does not consider the electromechanical 
conversion principle. Sufficient infor- 
mation is presented to permit the instru- 
ment engineer to design an optimum 
transducer system. 
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ACRONYM/ ABBREVIATION GLOS- 
SARY—Plenum Press has published a 
volume of “Space-Age Acronyms and 
Abbreviations,” compiled by Reta C. 
Moser. The listing contains over 10,000 
technical and industrial acronyms with 
more than 17,000 definitions. The glos- 
sary features cross references and a sec- 
tion listing missile, aircraft, ship and 
communications electronic equipment 
designating systems. Russian acronyms 
and abbreviations likely to be encoun- 
tered in technical translations are in- 
cluded. 
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RECTIFIER TEST—Udylite Corp.’s 
Electro Chem Power Div. has published 
a guidebook, “Rectifier Theory and Ap- 
plication.” The 40-page book is “a 
distillation of Udylite electrical re- 
search over a period of more than 25 
years.” The illustrated volume includes 
a study of types of rectifiers with ad- 
vantages and disadvantages noted, as 
well as comparison charts showing dif- 
ferent rectifying devices evaluated 
against one another. 
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You get the complete PERT system and, 
for the first time, a PERT technique show- 
Ing you how to predict and monitor profit 
on a continuing bi-weekly cycle. 


Chapter XI, “Profit PERT and Incentives,” 
brings you the Martin Company case his- 
tory showing how the Titan II PERT-profit 
system works: In the words of Secretary 
of Defense Robert McNamara, “(Titan Ill) 
Is probably the best managed contract we 
have, and it is the best managed almost 
entirely because of the tremendous incen- 


FOR ALL 
LEVELS OF 
MANAGEMENT 


offered for the first time 


by B. J. HANSEN 
(member of the original 
Polaris-PERT Team) 


tive given to that contractor in the form 
of potential profit increases to hold his 
costs down.” 

PRACTICAL PERT tells how and when to 
meet contract obligations, how to keep 
programs on schedule, how to win highest 
incentive fees. PERT, developed for the na- 
tion’s defense programs, can be applied to 
Management operations to monitor profit 
as well as cost, time and performance in 
the fields of construction, chemical proc- 
essing, manufacturing . . . and wherever 
complex systems are involved. 


PRACTICAL PERT contents 


| INTRODUCTION TO PERT 
\| THE ABC'S OF PERT 
Wl PERT & TIME 
IV HOW PERT PLANS 

V HOW PERT CONTROLS 
VI BUILDING PERT 


Vil WHAT IS NETWORKING 

Vill REFINING THE NETWORK 

IX MEASURING MANAGEMENT RISK 
X PERT & COST 

Xl PERT COSTS & COMPUTERS 

XIl PROFIT PERT & INCENTIVES 


XII PERT DATA DISPLAY 


AMERICA HOUSE 
1001 Vermont Avenue, N.W., Washington, D.C. 20005 


Send Me []} Copies of Practica! Pert 


0 Check Enclosed 0 Bill Me 


$2.75 
25c Handling 
$3.00 


Name___ Sb /Title 


Address 


Zip Code state. 


City. 


Co. Name 
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DEFENSE ELECTRONICS, INC. 


New Leader in Telemetry 


& Space Communications 
_ See 


Invites qualified electronic engineers to 
inquire about responsible 


CAREER OPPORTUNITIES, 


particularly in our expanding Engineer- 
ing Department. 


DE! has continued openings in the following 
areas: 
a RF Equipment—design of VHF-UHF receivers, 
transmitters, multicouplers, low-noise preampli- 
fiers, filters, video and IF amplifiers and 
related equipment. 
4 Data handling equipment—design and de- 
velopment of solid state digital and data 
processing equipment with emphasis on low 
frequency devices and network synthesis. 
4 Qualifications—BSEE or MEE with specific 
experience in above and a strong background 
in proposal engineering, technical presenta- 
tions and hardware development. 
For prompt response, write £. R. Callahan, 
Director of Personnel, Dept. MR. 
An equal opportunity employer. 


DEI 


SERVING 
(LN OENT 
AND INDE STOY 


Defense 


Electronics, Inc. 


Rockville, Maryland 
(Residential Suburb of 
Washington, D.C.) 
Sherman Oaks, California 
Cocoa, Florida 
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M/R 8USINESS OFFICES 


Washington, D.C, 20005—1001 Vermont Ave- 
nue, NW; STerling 3-5400 

A. C. 8oughtan, National Sales Manager 

Kenneth C. Slanchard, Director of Re- 
search and Marketing 


New York, N.Y. 10017—20 East 46 Street; 
YUkon 6-3900 


Paul 8. Kinney, Eastern Advertising Mon- 
ager 
Paul N. Anderson 


Beverly Hills, California 90210—9301 Wil- 
shire Slvd.; CRestview 4-8791 


Edwin J. Denker, Jr., Western Advertising 
Manoger 
Ronald L. Rose 


Detroit, Michigan 48237—21990 Greenfield 
Rood, Oak Park, Mich.; 547-8880 


Michael Rauff 


Chicaga, Illinois 60601—1 East Wacker Dr., 
Roam 1522; 321-1444 


Charles E. Durham, Jr. 

Miami, Florida 33022—P.0. 80x 890, Holly- 
wood, Fla.; Wilson 7-6072 
R. P. Caldiera 

Landon, WV.1., England—44 Conduit Street; 
REgent 4714 


Americon Magazina Group 


Genevo, Switzerland—10 Rue Grenus; Ge- 
nevo 321044 


Paris, France—11 Rue Condorcet; TRU 15-39 


VERARDO JENNINGS 

Dr. William F. Ballhaus: Named presi- 
dent of Beckman Instruments, Inc., Fuller- 
ton, Calif. He will resign as executive vice 
president of Northrop Corp. effective Dec. 
31, but will remain on the Northrop board 
of directors. 


John E. Verardo: Promoted to vice 
president of manufacturing for Lundy 
Electronics & Systems, Inc., Glen Head, 
N.Y. He will be responsible for direction 
and planning of all corporate manufac- 
tduring activities for Lundy and its sub- 
sidiaries. 


Thomas G. Jennings: Appointed vice 
president, manufacturing, at Computer 
Control Company, Inc., Framingham, 
Mass. He will direct all manufacturing 
operations in Framingham and at Electro- 
pac, a 3C subsidiary in Peterborough, N.H., 
for 3C’s digital building block products, 
special purpose digital systems and gen- 
eral purpose computers. 


Dr. Roland J. Benjamin: Named man- 
ager of the Aerospace Section at Cook 
Electric Company’s Tech-Center  Div., 
Morton Grove, III. He was previously the 
Aerospace section’s director of engineering. 


Maxwell C. Scott: Named to direct a 
new division of Sylvania Electric Products, 
Inc., western operation in Mountain View, 
Calif. He will direct the Product Assur- 
ance Organization in addition to his other 
duties as special assistant to the vice pres- 
ident and general manager of the western 
operation. 


Henry A. Samulen: Appointed vice 
president of TRW-Space Technology Labs, 
Redondo Beach, Calif. He will be in charge 
of the Electronics Div. Also appointed 
were Robert B. Muchmore, vice president- 
director of the Physical Research Div., and 
James P. Brown, vice president-director of 
marketing. 


Emmett H. Bradley: Named vice presi- 
dent of Atlantic Research Corp.’s Missile 
Systems Div., Duarte, Calif. 


Marcus F. Cooper: Appointed to the 
newly created position of Director-Florida 
Test Center for Douglas Missile & Space 
Systems Div. at the Eastern Test Range, 
Cape Kennedy, Fla. He was formerly a 
major general in the U.S, Air Force. 


Ira W. Kane: Appointed manager of 
military ground systems sales, Philco 


——lames In the news 


BENJAMIN 


SCOTT 


Corp.’s Western Development Labs Div., 
Palo Alto, Calif. He was formerly manager 
of telemetry, tracking and control sales. 


Air Reduction Co., Inc., New York 
City, has announced major organizational 
changes. John A. Hill, formerly president, 
elected chairman of the board of directors 
and continues as chief executive officer. 
George S. Dillon, formerly executive vice 
president, was elected president and re- 
mains chief operating officer. Charles S. 
Munson, previously board chairman, was 
elected chairman of the executive com- 
mittee. 


Byron K. Boettcher: Appointed a vice 
president of Avco Corporation’s Defense 
and Industrial Products Group in charge of 
the Eastern Regional Office to be head- 
quartered in Dayton, Ohio. 


Frank W. Lehan: Elected vice presi- 
dent-advanced systems, of Aerojet-General 
Corp., Glendale, Calif. He is also presi- 
dent of Space-General Corp., an Aerojet 
subsidiary. 


Roger W. Walker: Appointed program 
development manager of Cornell Aero- 
nautical Laboratory, Buffalo, N.Y. 


‘t 
Five staff members of Baird-Atomic, 
Inc., Cambridge, Mass., have been elected 
vice presidents, continuing in the same 
areas of responsibility as held previous to 
their promotions. The new officers are the 
following: I. D’Arcy Brent, vice president 
in charge of operations; John M. Dempsey, 
Jr., vice president in charge of marketing; 
Herman Glasser, president of Baird- 
Atomic’s wholly-owned — subsidiary, 
Atomic Accessories, Inc., now vice presi- 
dent of parent company; William G. Lang- 
ton, vice president in charge of science 
and engineering; and David A. Low, vice 
president, industrial relations, with re- 
sponsibility for plant facilities and com- 
munity relations. 


Charles L. Davis: Elected to the board 
of directors of Honeywell, Inc., Minneapo- 
lis. He is also vice president in charge of 
the military products group. Elected to the 
board at the same time was Walter W. 
Finke, vice president of the company and 
president of its electronic data processing 
division. 


missiles and rockets, December 21, 1964 


—when and where 


DECEMBER 


131st Annual Meeting, American Asso- 
ciation for the Advancement of Science. 
Montreal, Canada, Dec. 26-31. 


JANUARY 


11th National Symposium on Reliability 
and Quality Control, sponsored by the 
American Society for Quality Control 
and the Institute of Electrical and 
Electronics Engineers, Fountainebleau 
Hotel, Miami Beach, Jan. 12-14. 

1965 Government-Industry Forum, spon- 
sored by the National Electrical Manu- 
facturers Assn., New Orleans, Jan. 
18-19. 

International Symposium on Solar Radia- 
tion, sponsored by the American Society 
for Testing and Materials and the In- 
stitute of Environmental Sciences, In- 
ternational Hotel, Los Angeles, Jan. 
18-21. 

Conference on Quantitative Analysis and 
Evaluation for Production Activities, 
sponsored by Purdue University, Pur- 
due University, Lafayette, Ind., Jan. 
20-22. 

Winter Meeting of the National Society 
of Professional Engineers, Jung Hotel, 
New Orleans, Jan. 20-23. 

National Symposium on Hydrocarbon 
Analysis, sponsored by the American 
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1964 


Society for Testing and Materials, 
Sheraton-Lincoln Hotel, Houston, Jan. 
22-23. 


Symposium on Fundamental Phenomena in 
the Materials Sciences, sponsored by 
the Nikon Corp., Sheraton Plaza Hotel, 
Boston, Jan. 25-26. 

Joint Annual Meeting of the American 
Mathematical Society and the Mathe- 
matical Association of America, Uni- 
versity of Colorado, Denver, Jan. 25-30. 


FEBRUARY 


Reinforced Plastics Division Conference, 
sponsored by the Society of Plastics 
Industry, Edgewater Beach Hotel, 
Chicago, Feb. 2-4. 

Winter Convention on Military Electronics, 
sponsored by the Institute of Electrical 
and Electronics Engineers, Ambassador 
Hotel, Los Angeles, Feb. 3-5. 


Unmanned Exploration of the Solar Sys- 
tem, sponsored by the American Astro- 
nautical Society, the American Astro- 
nomical Society, American Geophysical 
Union, American Institute of Biological 
Sciences, Institute of Electrical and 
Electronics Engineers, and the Ameri- 
can Institute of Aeronautics and Astro- 
nautics, Denver Hilton Hotel, Denver, 
Feb. 8-10. 

Spring Meeting of the American Society 
for Testing and Materials, Statler-Hilton 
Hotel, Cleveland, Feb. 8-12. 

1965 Electrical and Electronic Trade Show, 
sponsored by the Electrical Representa- 
tives Club and the Electronic Repre- 
sentatives Assn., Denver Auditorium 

’ Arena, Denver, Feb. 15-17. 


Sixth Annual West Coast Reliability Sym- 
posium sponsored by the American 
Society for Quality Control, Los An- 
geles Section, and the University of 
California at Los Angeles, Engineering 
Dept., UCLA Campus, Moore Hall, 
Los Angeles, Feb. 20. 


MARCH 


Symposium on High Speed Testing, spon- 
sored by the Massachusetts Institute 
of Technology, and Brooklyn Poly- 
technic Institute, Sheraton Plaza Hotel, 
Boston, Mar. 8-9. 


Aviation and Space Conference, sponsored 
by the American Society of Mechanical 
Engineers, Statler Hotel, Los Angeles, 
Mar. 14-18. 

International Convention of the Institute 
of Electrical and Electronic Engineers, 
New York Hilton Hotel and New York 
Coliseum, New York City, Mar. 22-25. 

Symposium on Thermophysical Properties, 
sponsored by the American Society 
of Mechanical Engineers, Purdue Uni- 
versity, Lafayette, Ind., Mar. 22-26. 


Spring National Convention of the Society 
for Nondestructive Testing, Los An- 
geles, Mar. 22-26. 

Optical Society of America Meeting, Stat- 
ler-Hilton Hotel, Dallas, Mar. 31-Apr. 
2; 
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editorial... 


Letter From the Editor 


EFORE UNDERTAKING the annual review on 

this page of the events of the year, we glanced 

back a year to see how things looked to us in Decem- 
ber of 1963. 

We found we had noted then that one of the most 
significant long-range decisions of the Administration 
had been made in the closing days of the year—the 
decision to go ahead with the Manned Orbiting Lab- 
oratory program. 

As reported on p. 12 of this issue, that decision 
has just been made again. We consider it just as im- 
portant and just as significant but are somehow 
haunted by a feeling that a year has been lost, a year 
which can’ never be recovered. 

We will repeat what we said in December, 1963: 

“The long years of arguing for a manned military 
space role have come to a close. The opportunity to 
prove that such a mission is vital and necessary is to 
be given. There undoubtedly will be future disputes 
about the size and nature of the military man’s ac- 
tivities in space. But a beginning has been made. As 
the passage of years places the events of 1963 in per- 
spective, we believe this will emerge as the most im- 
portant single industry development of this year.” 

We did not expect to be repeating the same proph- 
ecy regarding 1964. But aside from that, the senti- 
ment remains valid. We hope we do not have to re- 
peat it next year. The time has come to go to work. 

The year of 1964 has been one of preparation in 
regard to the manned spaceflight program. As a re- 
sult, front-page headlines for the space program were 
not as much in evidence. Despite this, a review of 
the year shows considerable evidence of solid achieve- 
ment. 

The program for development of big solid boost- 
ers, still on an up-hill grade, nevertheless marked up 
a number of significant milestones. Lockheed fired 
the first 156-in. solid on May 28, repeating the suc- 
cess with the same casing on Sept. 30. In that same 
month of May, Thiokol dedicated its big new solids 
facility at Horse Pen Bluff, Ga., and Aerojet-General 
opened its new solids processing plant in Dade 
County, Fla. United Technology proved out the 120- 
in. booster for the Titan IJ] during the year. Thiokol 
touched off the first static firing of its segmented 156- 
in. on Dec. 12. We can anticipate further growth in 
the solids program as the big boosters prove out 
their capabilities in the months ahead. The atmos- 
phere for solids has never been a particularly fa- 
vorable one, but we expect this to change in the face 
of the inevitable successes which will be recorded. 

Despite the absence of manned flights, a number 
of U.S. firsts were recorded in space during 1964. 
Without question, the most spectacular accomplish- 
ment of the year was the photographing of the lunar 

urface by Ranger VII, with a television relay of 
4,316 photographs to Earth. These are proving in- 
valuable both to astronomers and to technicians 
work og on the Apollo manned lunar landing pro- 
gram. 

The Soviet Union, unable to match the U-S. in 
either lunar or planetary probes, came up with a 
spectacular of its own when it launched the three- 


man Voskhod spacecraft on Oct. 12 for a 24-hr. 
flight. This was the first Russian manned space flight 
since June, 1963, and it served notice that the Soviets 
are maintaining their lead in this field. 

There has been no U.S. manned flight since the 
final Mercury flight in May, 1963, and the first 
Gemini manned flight will not take place until next 
spring at the earliest. The Gemini program, however, 
did get under way in 1964 with a successful un- 
manned shot in April which proved out the com- 
bination of the McDonnell capsule and the Titan IJ 
launch vehicle. 

The U.S. scored with the first test flight of an 
ion engine in space with the launch of SERT I (Space 
Electric Rocket Test) from Wallops Island, the first 
television relay from a satellite in stationary orbit 
accomplished with Syncom III, the high quality of 
weather photos from Nimbus I, the unprecedented 
plotting accuracy established with the Army’s SECOR 
geodetic satellite and the unbroken chain of test suc- 
cesses with the Saturn I space booster. 

The space year closed with Mariner IV on an 
extremely accurate course for Mars and its Soviet 
competitor, Zond I, close behind. The final chapter 
in this story must wait until rendezvous with the red 
planet in 1965. 


TS PICTURE ELSEWHERE in Dept. of Defense 
missile and space programs was less rosy as the 
year closed, although Secretary of Defense Robert 
S. McNamara’s declaration of support for MOL was 
his strongest stand to date in favor of the manned 
military space program, auguring well for the future. 

SAMOS continues its successful and unpublicized 
surveillance of inaccessible areas of the world such 
as China and the Soviet Union—not only providing 
a tip-off to the first Chinese atomic test but bringing 
a suggestion from Mr. Khrushchev that it was a 
much more desirable device than airplanes for keep- 
ing watch on Cuba. Which incidentally brings to mind 
two further events of significance to the industry 
during the year: President Johnson kept his job; Mr. 
Khrushchev lost his. 

The Mobile Mid-Range Ballistic Missile was al- 
lowed to die a quiet death, the Low-Altitude Super- 
sonic Vehicle (LASV) and its Pluto nuclear ramjet 
engine died a less quiet death—and Mr. McNamara 
vowed to die a thousand deaths before being caught 
at lunch with a contractor. 

Shillelagh and Redeye moved into production and 
the American Institute of Aeronautics and Astro- 
nautics held its first annual meeting. DOD announced 
development of two anti-satellite weapon systems but 
decided its long effort to find common cause with 
Communications Satellite Corp. was a failure. 

There can be no question that 1964 was an active 
year for this industry, with 1965 promising to be even 
more so. Nor can there be any question about our 
traditional wish from MISSILES AND ROCKETS to all 
of you: Merry Christmas and a happy, peaceful New 
Year, 

William J. Coughlin 
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LOOK WHAT DOUGLAS IS DOING NOW! 


SATURN S-IVB stages are being completed 
in the Douglas Space Systems Center. Here, 
a unique central control system in the Struc- HIGH VACUUM SPHERE with 30,000 cu. ft. capacity in the Space 
tures Laboratory allows complex structural Simulator Building creates the vacuum equivalent of a 500 mile earth 
test programs to be conducted while others — orbit. It will be man-rated, and can accommodate full-size spacecraft 
are being prepared. up to 30 feet long. 
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TO KEEP ON TARGET with new, more effective missiles, 


Douglas is exploring advanced techniques in relation to present Va 
tactical and strategic military problems. It is drawing on (Oy 
gare 


experience gained in producing more than 40,000 missiles DOUGL 
relating to air-to-air, air-to-ground, ground-to-air and ground- a 
to-ground missions. MISSILE & SPACE SYSTEMS OIVISION 


— 


a Project Fishbowl: 


f 


13 weeks from go-ahead to field delivery— 

Tight ma nagement'control at Avco/RAD. air Force assignment to Avco/RAD: design and 
produce flight-test vehicles for Project Fishbowl. Ninety days after we received the go-ahead, hardware was 

delivered to Johnson Island. This fast reaction capability is built into Avco/RAD’s systems management or- 

ganization. Our project offices keep rigid control over project tasks, costs, and schedules ...so that they can 

give immediate and knowledgeable response to the customer. The line departments perform the actual pro- 

gram tasks, bringing to bear experienced scientists and engineers inall relevant disciplines. This overall, flex- 
ible managementsystem ties together the in-house functions of research, design, testing, and manufacturing. 

That's what we mean when we say: Avco/RAD is an integrated research and development organization. 
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